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FROM THE EDITOR

Dear Distinguished Researchers and Readers,

We are here with the last issue of 2021. In this issue, you will find 10 research articles of
23 authors from different disciplines. We hope that these articles will contribute to the
literature.

Due to the high number of submissions, we need to select best papers meticulously for the
review process and reject the manuscripts that are not in line with the journal criteria.
These criteria are expected to increase quality and decrease reviewing length. For this
issue, the average time from submission to acceptance was 4.4 months (min. 2 months
max. 7 months), and the average time from submission to publication was 6.7 months
(min. 5 months max. 8 months). These statistics prove how our reviewing and publication
process works equally for everyone.

Finally, we should also express our sincere thanks to the Editorial Board, reviewers and
authors for their invaluable contributions. As you see in the following pages, 112
reviewers from 5 different countries and 62 different institutions contributed to the issues
of 2021. Although this is a faculty journal, just 7 of these reviewers were from Afyon
Kocatepe University. We will endeavor much more to internationalize our journal.

We look forward to receiving submissions of sufficient rigor and quality. We wish you
good health and hope to meet again for the 2022 January issue!

Fatih GUNGOR, PhD
Afyon Kocatepe University
Faculty of Education
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A Testopia during COVID-19: Qualitative Study about Higher
Education Institutions Examination (HEIE)

COVID-19 Sirasinda Bir Testopya: Yiiksekogretim Kurumlari Sinavi
(YKS) Hakkinda Nitel Arastirma

Aylin SALTURK* Omay COKLUK-BOKEOGLU**

Received: 08 April 2021 Research Article Accepted: 28 July 2021

ABSTRACT: Central exams are in the heart of Turkish education system since they are used for student selection
and placement in transition to higher levels of education. The preparation process for central placement exams, which
was already challenging for students and parents, may have become even more exhausting due to the changing
educational paradigms during the COVID-19 pandemic. In this context, using the phenomenological model, this
study aims to determine the student and parent views regarding the preparation for the Higher Education Institutions
Examination (HEIE) during COVID-19 pandemic period. Semi-structured interviews were conducted with 20 high
school seniors in an Anatolian High School in Afyonkarahisar Province during the 2020-2021 academic year,
selected with the purposive sampling method, and of their parents, and the obtained data were analysed through
content analysis method. Although stress is an ordinary part of the preparation period, new stress sources have
formed during the pandemic, according to the findings obtained from this study. It has been seen that both the
students and the parents have discussed higher visibility of socio-economic inequalities, limited student life
experience, impacts of social isolation due to the implemented health and safety policies as the cons, and the
opportunities to study harder and more autonomously as the pros. Parents have also evaluated children’s being under
their supervision during this period as one of the pros.

Keywords: Higher Education Institutions Examination, COVID-19 pandemic, admission exams.

OZ: Merkezi sinavlar seviyeler aras1 gegiste 6grenci secme ve yerlestirme icin kullamildigidan dolay: Tiirk egitim
sisteminin temelinde yer almaktadir. Dogasi geregi Ggrenci ve ebeveyn igin zorlayici bir deneyim olan merkezi
yerlestirme sinavlarina hazirlik siireci, COVID-19 hastaligi neticesinde degisen egitim paradigmalari ve hastaligin bir
pandemiye doniigmiis olmasinin getirdigi sorunlar nedeniyle daha da yipratici bir hale gelmis olabilir. Bu baglamda
fenomenolojik desenin kullanildigi bu aragtirmada COVID-19 pandemisi siirecinde merkezi yerlestirme sinavlarindan
biri olan Yiksekogretim Kurumlart Sinavi'na (YKS) hazirlanmaya iliskin 6grenci ve ebeveyn goriislerinin
belirlenmesi amacglanmistir. Amagli  &rnekleme yontemiyle segilen, 2020-2021 egitim &gretim yilinda
Afyonkarahisar’da bir Anadolu lisesinde 12. sinifa devam eden 20 lise 6grencisi ve onlarin ebeveynlerinden olusan
calisma grubuyla yar1 yapilandirilmis goriismeler gergeklestirilmis ve elde edilen veriler igerik analiziyle
¢ozlimlenmistir. Stres, birgok dgrenci ve ailesi i¢in sinava hazirlik siirecinin normal bir parcasi olsa da aragtirmadan
elde edilen bulgular COVID-19 pandemisiyle birlikte yeni stres faktorlerinin devreye girdigini gostermistir. Hem
ogrencilerin hem ebeveynlerin olumsuzluklar olarak sosyo-ekonomik esitsizliklerin daha goriiniir hale gelmesini,
sinirli 6grencilik deneyiminin, uygulanan saglik ve giivenlik politikalar1 nedeniyle sosyal izolasyonun etkilerini;
olumlu unsurlar olarak daha fazla ve ozerk g¢alisma imkani olmasini ele aldiklari goriilmiistiir. Ebeveynler ayni
zamanda bu siiregte cocuklarinin kontrolleri altinda olmasini da olumlu bir sonug olarak degerlendirmistir.

Anahtar kelimeler: Yiiksekogretim Kurumlart Smavi, COVID-19 pandemisi, giris sinavlari.
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According to the data of Turkish Statistical Institute (TurkStat), young
population (aged between 15-24) constitutes 15.6% of the total population in Turkey
(TurkStat, 2019). While this situation may be an advantage for a developing country, it
also brings along some problems regarding the education of the population in question
(Bastiirk, 2011). Looking through a historical point of view, there are a number of
chronic problems associated with education in Turkey, just like in every other
developing country. Most of these problems are related to frequent changes in the
education system (Temli-Durmus & Kasa, 2015) and unequal opportunities in education
(Glinbay1 et al., 2015; Kumandas & Kutlu, 2014). In this regard, among the factors
feeding unequal opportunities, schools showing significant differences from each other
in terms of equipment and physical conditions (Cingi et al., 2009), teacher qualifications
and inadequate employment in schools (Ayvaci et al., 2014), sociocultural factors such
as the environment (Coskun, 2019) can be indicated. It is possible to see the reflections
of unequal opportunities in the statistical data provided by Turkish Ministry of National
Education (MoNE, 2020b), where schooling rate remains far below what it should be,
and dramatic discrepancies exist in the success of the students in the exams for
transition to higher levels. Within this context, education-related problems become the
problem of not only the students but also their parents, namely, the whole society.

The fact that transition to higher education is based on examination (Yilmaz &
Altinkurt, 2011) is one of the major problems, also defined as “the festering sore”
(Arslan, 2004, p. 37), of Turkish Education System. An education system based on the
central placement exam puts parents in trouble as well as students (Kose, 1999), and
young people in this system get caught up in test booklets before they can experience
their developmental period (Rutz & Balkan, 2015). Additionally, this exam is far from
providing feedback on the education (MoNE, 2010, as cited in Biiyiikoztiirk, 2016, p.
349). Since these exams have grown into almost a ‘struggle for existence’ for both
students and parents, students are raised as individuals deprived of skills to facilitate
their lives and to be test-oriented only (Biiyiikoztiirk, 2016). In this process, parents also
try to get their children to receive academic support by sending them to extracurricular
institutions to the extent possible (Giir et al., 2013; Tansel & Bircan, 2005).

The problems of exams (Celik, 2015; OSYM, 2017), employed for placement in
higher education institutions and whose applications, scope and name have changed
frequently from 1974 to the present (Giir & Celik, 2009) have remained the same.
Considering students’ struggles to move to the next level of education and overcome
unequal opportunities and negative effects resulting from such struggles on them
(Biiyiikoztiirk, 2016; Ciiceloglu, 2013; Karsh & Ustiiner, 2001; Kutsal & Bilge, 2012),
it would not be wrong to state that these exams go beyond their purpose and that the
primary purpose of education determined in the Basic Law of National Education
(1973), has deviated from the goal of ‘ensuring a healthy and productive adaptation of
the young population to the society .

Evaluating on a global scale, the education systems of different countries indeed
have their own strengths and weaknesses. In parallel with the development level of the
countries, it is seen that success in education has also increased. Technological
developments have been integrated into education at full speed. At the same time,
COVID-19 pandemic emerging in 2019 caused a global crisis due to rapid morbidity
and mortality statistics (Tabish, 2020), with health and education being the leading

© 2021 AKU, Kuramsal Egitimbilim Dergisi - Journal of Theoretical Educational Science, 14(4), 498-523
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sectors affected. Efforts to contain the epidemic and flatten the pandemic curve have
brought along decisions to turn educational institutions into a (semi or full) state of
closure. This undoubtedly has led to the serious disruption of the education sector,
especially in certain countries (Malee-Bassett & Arnhold, 2020).

With the announcement of the first COVID-19 case in Turkey on March 11,
2020, the need for a two-week break to education arose. It was decided to continue
remote education at all levels through online systems throughout the Spring semester
(MoNE, 2020a; YOK, 2020). Although plans for implementing hybrid education
(blended learning) model were made for the fall semester of the 2020-2021 academic
year, the plans were revised to continue online education with the primary and
secondary education institutions due to the increase of the cases once again (MoNE,
2020a). Additionally, a similar proposal was made to higher education institutions
within the framework of health and safety policies. As a result, the situation, beginning
as a health crisis, soon affected the functioning of all systems in the society, leaving no
option but to quickly move to distance education, irrespective of suitable infrastructure
in education. At the beginning of the process, distance education was stated not being as
efficient as face-to-face education; however, some of these views evolved with the
arrangements made in time and some empirical research findings have been revealed
about the positive results of distance education (Hodges et al., 2020).

Educational activities implemented remotely and online since almost the first
day of the first COVID-19 case came up to date have reemphasized unequal
opportunities and revealed unjust conditions of the students lacking necessary technical
infrastructure to access the educational platforms (Saltirk & Giingor, 2020). The
inequalities in question were not limited to the access to courses. They stood as
problems in terms of assessment and evaluation activities conducted for other purposes.
In other words, distance education has inevitably become part of the new education
paradigm while efforts have been made to ensure rapid integration of technology to
implement assessment and evaluation processes (OECD, 2020). However, it is known
that even the use of state-of-the-art infrastructures cannot prevent some technical
problems that may occur during e-tests or several factors that may pose a threat to the
validity and reliability of the tests (Chirumamilla et al., 2020; Hillier et al., 2020).
Therefore, many educational institutions have tried to create equal environments and
conditions by applying face-to-face exams (Dermo, 2009; OECD, 2020). It can also be
considered that this situation arises as a necessity to secure equal opportunities in
countries like Turkey, where inter-school differences are greater because it is impossible
even to think of the participation of some students, who cannot join courses due to lack
of technical means, in tests synchronically implemented. These tests should not only be
considered limited to the exams for evaluating course success within the scope of
formal education, but also central and large-scale exams that are the subject of this
study should be considered. Given high participation rates in these exams and the
repercussions of socio-economic inequalities, it is clear that implementing central
placement examinations, being an important determinant of educational life, in an
online environment is impossible. Indeed, central examinations planned to be
implemented in 2020, for these reasons, were conducted as traditional paper and pencil
tests, though belatedly, during the period when the pandemic was relatively taken under
control within the framework of health policies (MoNE, 2020a; OSYM, 2020a).
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It is seen that Higher Education Institutions Examination (HEIE), which has
significant impacts on such stakeholders as students, teachers and parents even under
normal conditions in Turkey, being a “Country of Tests” (Bas & Kivilcim, 2019, p.
642), is likely to be more problematic due to the changing conditions with the
pandemic. Thus, it was considered that analyzing the impacts of the exam in question in
line with the views of the students and parents was of importance and to that end,
answers to the following questions were sought:

1. How do students and parents evaluate the impact of pandemic on students during
the preparation period for HEIE?

2. As for the concerns of both students and parents,
a. What are their concerns related to HEIE?
b. Have they changed during COVID-19 pandemic?

3. What do students and parents say about the advantages and disadvantages of the
preparation period for HEIE during COVID-19 pandemic?

Method

Ethical Procedures

Before the research, the authorization of Committee of Scientific Research and
Publication Ethics for Social Sciences and Humanities in Afyon Kocatepe University
was sought and granted (decision no 2020/216 dated 20/11/2020). Participants were
explained the purpose of the research as well as being provided with such information
and assurance as the fact that the participation was voluntary, that their rights to
withdraw from the research at any stage resided, that privacy of the identity information
and anonymity would be protected, and that the information provided would only be
used within the scope of a scientific research study. After such information, the consent
of the participants was obtained, and interviews were conducted.

Research Model

This research study used a qualitative research model (Merriam, 2009), which
deals with how people make sense of their experiences. The analysis of preparation
period for central placement examination during COVID-19 pandemic based on the
experiences of the students and parents complies with the phenomenological model.
The findings obtained through phenomenological model, which allows in-depth
evaluation of individuals’ perceptions and views (Biiyiikoztiirk et al., 2018), are based
on subjective experiences of participants (Denzin & Lincoln, 1998). This model, where
the results are provided in a descriptive narrative method with direct speech reporting,
allows for understanding participants based on their ‘own expressions’ (Patton, 1980, p.
22). The information obtained from the data is interpreted within the framework of
themes and codes (Yildirim & Simsek, 2011).

Study Group

This study aimed at interviewing people who would provide rich data in terms of
preparation for HEIE during COVID-19 pandemic. To that end, the purposive sampling
method (Patton, 2002) was used to determine the study group, where people to
contribute more for this study were included. As was also stated by Patton (2002), the
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purposive sampling method is used in cases when there are limited sources in relation
to a phenomenon subject to research. This method is eligible for determination and
selection of cases enriched with the information required for the research. Thus, this
method was used in this research study as a data collection method. At the first stage,
being a student preparing for the exam and being a parent of these students were
accepted as the preconditions of participation in this research. In addition, some
characteristics such as strong self-expression skill, being accessible and volunteering
were also considered. However, as it was further evaluated that students who were
preparing for the exam to re-take it in the status of graduate could have different
experience than those in the senior years of their high school education, the former were
not included in the research. Data collection continued until the collected data was
deemed sufficient in terms of quantity and diversity of the information it included in
terms of the gender and success status of the students who continued their education in
the 12th grade of high school and prepared for HEIE during the pandemic process as
well as socio-economic level, gender, age of their parents.

The research data was collected following the decision dated November 23,
2020, taken for the second time on the implementation of distance education (MoNE,
2020a) due to the increase in COVID-19 cases. Within this context, it was decided to
include in the study group the 12th-year students during the 2020-21 academic year,
continuing their education remotely because of COVID-19 pandemic and preparing for
HEIE, along with their parents. Data was collected from a total of 40 participants,
including 20 students studying in an Anatolian High School in Afyonkarahisar Province
and their parents through interviews. To ensure anonymity, each student (such as S1,
S2, S3) and parent (such as P1, P2, P3) were given codes.

13 out of 20 students in the study group are female while 7 are male and their
ages are between 17 and 18. The study group members’ grade point averages (GPA)
range between 68 and 92 out of 100. The ages of a total of 20 parents range between 38
and 55. Two of the parents are fathers, while 18 are mothers. 14 of the mothers are
housewives. Parents’ education levels vary between primary school and university.

Data Collection

Since the interviewing is recommended as the main data collection tool
(Biiytikozturk et al., 2018) within the scope of phenomenological model, a semi-
structured interview form, including five open-ended questions, was used in this study
to identify the views of the students and parents directly in a detailed manner. These
questions are related to the evaluations by the students and parents about the impacts of
COVID-19 pandemic on the preparation period for HEIE , to whether their concerns
have changed in time with the pandemic and to their evaluations about the advantages
and disadvantages of preparing for the exam in this period. Upon the creation of the
draft form, two experts, who completed their Ph.D. in the fields of education programs
and training as well as guidance and psychological counseling, were told the purpose of
this research and their opinions were received in relation to the interview form. The
experts recommended that the questions including “a reason why” be structured as
open-ended questions, which would enable students to answer the questions by having
more in-depth considerations on the situations they would be in and that two of the
questions be removed from the form as they would not serve the purposes of the
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research. In line with these opinions of the experts, necessary revisions were made and
the forms were finalized for implementation. The pilot implementation was carried out
with the participation of three students and three parents, bearing similar characteristics
to those in the study group, at the end of which interview forms were finalized.

The interviews were conducted via teleconference due to COVID-19 pandemic.
To ensure the anonymity of the participants, each participant was connected to the
teleconference programs, the interviews were recorded only as audio, and video
recording was not available. In order to prevent students from feeling as if they had to
agree with their parents and to ensure that they could express themselves well in the
interviews where parents and students were together, individual interviews were held
online with them in a way to ensure that first students then their parents would be
separately interviewed. Interviews took place at different times in accordance with the
convenience of the students and their parents. A total of forty different sessions were
held, once for each student and parent. At the beginning of the interview, participants
were explained the purpose of the research as well as being provided with such
information and assurance as the fact that the participation was voluntary, that their
rights to withdraw from the research at any stage resided, that privacy of the identity
information and anonymity would be protected and that the information provided would
only be used within the scope of a scientific research study. After such information, the
consent of the participants was obtained, and interviews of approximately 25-30
minutes were conducted. After completing all the interviews, the records were
transcribed in writing and shared with the participants for confirmation.

Data Analysis

For the analysis of the data obtained from the study, the content analysis
technique was employed to make replicable and valid inferences from texts and similar
important materials (Krippendorff, 2004). A categorical system reflecting basic
elements in the relevant text through content analysis is created by deduction
(theoretically produced based on the literature) or induction (produced based on the data
set). If the purpose of a study is revealing findings, the use of induction method is
recommended. Within this context, the data were analyzed with an inductive iterative
process in this study, as suggested by Braun and Clarke (2006). As suggested by Patton
(1999), the expertise of a different expert working in the field of qualitative data
analysis than the researchers was benefitted from. The academician in question
completed his Ph.D. in the field of Education Programmes and Training. With the
analysts whose expertise was used during the data analysis process, authors who
completed their Ph.D. in the field of Assessment and Evaluation in Education and who
was continuing their Ph.D in the field of Educational Psychology coded the transcripts
individually at first, then worked together to refine the preliminary themes and create
the main themes. Analysis process was carried out with cyclical and continuous
comparisons (Glaser & Strauss, 1967) made in the form of code development/refinement
and theme development/refinement. In the end, final themes were introduced as an
output of discussions on analysts’ comments (Richards & Morse, 2013). As suggested
by Bree and Gallagher (2016) and Meyer and Avery (2009), MS Microsoft Excel
program was used for the data analysis. Popular software such as NVivo, MAXqda,
ATLAS.ti, CAQDAS, which are used in data management and were designed to

© 2021 AKU, Kuramsal Egitimbilim Dergisi - Journal of Theoretical Educational Science, 14(4), 498-523



504 Aylin SALTURK & Omay COKLUK-BOKEOGLU

organise unstructured qualitative data (Zamawe, 2015), are tools having a supporting
nature only. In addition, as Faherty (2010) stated, only the researcher can analyze
qualitative data. Although each software has different pros and cons in terms of data
management, MS Word tables and MS Excel macros are also preferred in qualitative
data analysis (Bree & Gallagher, 2016; La Pelle, 2004; Meyer & Avery, 2009). Since
coding is a critical step in analyzing qualitative data (Ose, 2016), qualitative data
analysis was carried out using MS Excel in this study because it allows systematic
coding in a simple and user-friendly manner.

Trustworthiness

As the qualitative research studies are not based on statistical calculations due to
their nature (Brink, 1991), they are often criticized for being subjective, lacking a
systematic structure, and deficient reporting. In this regard, the criteria to increase the
quality of the data in the qualitative research are discussed in the literature (Guba, 1981;
Lincoln & Guba, 1986; Maxwell, 1992). Examining these discussions, it is seen that
such concepts as credibility and transferability replace the concepts of validity and
reliability in qualitative research studies (Corbin & Strauss, 2007; Eisner, 1991, as cited
in Creswell, 2013, p. 246). To increase the conclusiveness (internal validity) of the data
in this research, necessary sampling scale for phenomenological model was achieved
(Charmaz, 2011; Creswell, 2013; Merriam & Tisdell, 2016). Data collection tool, data
collection and analysis were reported in detail, by which transferability (external
validity) of the research was tried to be ensured (Yildinm & Simsek, 2011). Data
analysis was conducted independently with an expert on qualitative data analysis other
than researchers (Patton, 1999). After finalizing the themes and codes, the percentage of
agreement was calculated as suggested by Miles and Huberman (1994), and the
resulting percentage (92%) was found to be sufficient for coding reliability (Miles &
Huberman, 1994).

Findings
The research findings have been presented under five categories in parallel with
the sub-objectives of the research. In the descriptions of categories, themes, sub-themes,
codes, and frequencies of these codes have been given successively for students and
parents. In terms of the clarity and simplicity of the findings obtained from the research,
the most striking views related to the codes in each category are presented directly with
quotes.

Findings of the Impact of COVID-19 Pandemic on the Preparation Period
for the Exam

The views of both students and parents collected in relation to the impacts of
COVID-19 pandemic on the preparation period for the exam have been interpreted
under two main themes, namely “Impacts” and “Coping Strategies .

“Impacts” Theme

Under “psyco-social” sub-theme within the scope of this theme, students
mentioned their health concerns raising in line with the pandemic (f=5), social isolation
(f=2) they have experienced as a result of health and safety policies, extreme stress
(f=2) as well as feeling of emptiness (f=2). Under “Educational ” sub-theme, students
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mentioned reduced motivation (f=11), uneasiness caused by lack of doing different
activities (f=1), distractibility (f=1), inefficacy of online education (f=8), lack of a
structured educational environment and support (f=9) as negative impacts while they
mentioned flexible time (f=2) facilitated by the changing education paradigm as a
positive impact of the pandemic.
“| felt empty. People are dying, everything has been shut down. How can we be expected to
study efficiently...” (S13)

“We don’t know what hit us, we can’t go out to breathe or distract ourselves, we are with the
same people caged within four walls. We can’t be with the people we love, which affects us
significantly.” (S4)

“It ruined everything. Knowing that | have to study for the exam while there are already
problems and distress caused by the pandemic decreases the determination to study even more.
Hearing that something is happening to the people around causes an increased feeling of
emptiness and hinders studying for a certain period.” (S1)

“It affects me negatively as | can’t get face-to-face education. The higher the fear of losing my
relatives is, the lower my motivation gets.” (S7)

“In fact, the pandemic gave extra time, but the distress and fear caused by it were quite enough.
I lost my motivation to study because one of my family members went through a difficult time
right before my eyes. The fear of infection has caused a lot of distress”. (S11)

“Being at home most of the time gave me the opportunity to study harder, but also the school
closures affected me badly. The pandemic lowered my motivation. There are people at home
with chronic conditions. | couldn’t get anywhere because | was afraid that if I got sick, | would
infect them. Being at home all the time disrupted my psychology, | became depressed.” (S12)
Under “Impacts” theme, the parents mentioned, similarly to the students, health
concerns (f=2) and stress (f=2) as well as referring to psycho-social impacts, differently
from the students, such as uncertainty (f=1), difficulty in adapting to the process (f=1),
lack of activities (f=1). Furthermore, parents pointed out, just like students did, to the
inefficacy of online education (f=3), low motivation (f=8), problem of distraction (f=2),
by also referring additionally to “Educational” impacts such as deprivation of
educational environment and support (f=13), lack of discipline imposed by school
(f=1), opportunity to study harder (f=1) and lack of studying /giving up studying (f=1).
“It affected badly. The student got even more stressed. Being away from his/her teachers and
friends, restrictions...” (P4)

“l am thinking about my child. I’'m afraid s/he’1l get sick, stressed out. The restrictions limited
my child’s life in many ways, which, in turn, stresses him/her out and overwhelms him/her...”
(P11)

“Because s/he’s always at home, s/he devotes more time to her/his lessons, but s/he’s
distracted and not very enthusiastic.” (P16)

“I think the pandemic affected badly. We cannot fill the gap of face-to-face education no
matter what we do. As their social lives have come to a halt, s/he forces her/himself to study
continuously... S/he was not a child who liked staying at home, so her/his motivation
decreased...” (P5)

“It affected badly. S/he experienced the problem of distraction. S/he doesn’t sit at a desk, even
if s/he does, s/he cannot study.” (P10)

“Coping Strategies” Theme
The student and parents also mentioned “Coping strategies” related to the fight

with the impacts apart from the impacts of COVID-19 pandemic on the preparation
period for the exam.
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Under the “Strategies” sub-theme, it has been seen that students adopted such
ways as dreaming about the university/profession they wanted (f=1), self-motivating by
thinking that their rivals were in the same situation as them (f=1).

“...1 try to study by thinking that as everybody has been going through the same psychological
process, if | study harder, | can turn this situation into an advantage.” (S4)

“..to increase my motivation, | think about my future profession, and dream about it, so | can
study.” (S9)

As for the parents, they stated, under “Strategies” sub-theme that they had
limited means to support their children due to social isolation (f=8), but they did all
they could to provide moral support (f=9), that they helped children in planning the
process for their studies (f=1).

“...1, most of the time, try to drive my child to picnic areas to improve his/her motivation.
While s/he does test, | read a book.” (P5)

“...I am trying to do what s/he likes for the sake of the family itself, as well.” (P11)

“...we have explained him/her that s/he is not the only one being in this situation, which applies
everybody preparing for the exam, and the pandemic should not affect him/her motivation. We
have talked to him/her and helped in making his/her plans and programs. To restore his/her
motivation to study, we have done intra-family activities, and by buying various gifts, course
materials and tools, we have tried to help him/her restore his/her motivation.” (P12)

Findings Related to the Most Concerning Issues about the Exam

While student views on the most concerning issues about the exam were
collected under two main themes, namely “Educational” and “Psycho-social ”, it was
identified that parents, additionally, expressed their views under “Health” theme.

“Educational” Theme

A significant part of the students expressed such fears, under “Examination
system/period” sub-theme, as failure to complete the exam questions on time (f=5),
failure to understand subjects all by himself/herself during online education (f=4), mind
blanks (f=2), being late for the exam (f=1). Under “Educational outputs” sub-theme,
students expressed their concerns about such potential consequences as obtaining low
scores from the exam (f=1), and failure to pass the exam (f=10).

“The examination system, all by itself, is my reason for fear. | am afraid of being inadequate.
(S6)

“l have started to worry about whether | can understand the subjects and learn them all in
time.” (S9)

“I think that online education is inefficient during the pandemic. I am worried because all these
subjects will constitute the contents of the exam questions.” (S16)

“| already think that | will fail to be placed in a university as a result of the exam, but still
getting low scores worries me. ” (S1)

“l am afraid of forgetting what I know due to stress and failing to complete the exam questions
on time.” (S10)

“I am afraid of failure.” (S11)
“I am afraid of forgetting everything because of stress and failing to complete exam questions
on time.” (S14)
A significant part of the parent concerns was related to “distance education”
sub-theme. Within this context, the parents expressed their views about their doubts of
the effectiveness of online education (f=3), the length of the process (f=1) and their
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children’s deprivation of teacher support (f=1). Under “Academic motivation” sub-
theme, parents pointed out to the lack of motivation experienced by their children (f=1)
and to the insufficient effort made by the children (f=1), accordingly in terms of
studying. Similar views of the parents to the students were categorised into
“Educational outputs.” In this regard, parents expressed their concerns about their
children’s failure (f=10) by reasoning it with the worry that students might not learn all
the subjects in time and complete the exam questions on time (f=2).

“The course of the pandemic; if the virus continues to spread rapidly and the courses continue
via distance education, what if my child receives an education of poor quality, lacks good
education.” (P13).

“Pandemic affected children badly. There is a disconnection between children and school and
classes, my child lost his/her enthusiasm because of the disinterested and unsupportive
teachers. We are in contact with my child’s teachers, and | think deep down that my child will
not be able to succeed.” (P9)

“l am concerned about what if s/he got stressed and could not answer the questions. If s/he
experiences a mind blank and cannot complete the exam questions on time, both s/he and we
will become sad.” (P15)

“Psychosocial” Theme

Students not only suffer from educational problems related to the exam but also
have some concerns within the “Psycho-social ” context. Some concerns, especially, fall
into the scope of “Environmental” factors such as family pressure (f=2) and of
“Personal ” factors such as failure to become financially independent (f=1), efforts to
go down the drain (f=1), concern for future (f=1), failure to achieve goals (f=2) and
failure to be placed in a university (f=2).

“Increased family pressure due to concern for future worries me a lot. Concern for future, will |
be able to be placed in a university, will | be able to find a job even if | get my degree, all of
these are question marks in my mind.” (S4).

“..I am afraid of my family’s pressure and my efforts to go down the drain.” (S7)
“I am concerned about failing to achieve my goals and be placed in a university.” (S18)
“I have concerns such as looking to others and being dependent for my living.” (S8)

As for the parent concerns within “Psycho-social ” context, they include their
children’s getting excited and stressing out (f=5) and “Personal” factors such as
children’s getting upset (f=1). Additionally, parents were identified to have fears such
as their children’s being influenced by their friends under “Environmental” factors
(f=1) and concerns for future (f=2) similar to the students.

“The most concerning issue about the exam is our child’s stress condition. S/he feels too much
under stress and we worry that s/he cannot take his/her stress under control during the exam.”
(P12)

“...I also worry about my child’s being influenced negatively by his/her friends.” (P3)

“Concern for future and whether s/he ends up being unemployed or not worry us every single
day.” (P14)

“Health” Theme

Unlike students, parents have concerns about “Health” aspect of the
examination. The views of the parents concerning about physiological and
psychological impacts of the exam were evaluated under “Pandemic” sub-theme, and it
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was observed that they have health concerns and health problems (f=1) related to
COVID-19.

¢*...and the pandemic preoccupies me’’ (P1).

“What if something happens to wear my child out physiologically or psychologically.” (P5)

“Because of the pandemic, I’'m worried about virus infection in such a crowded examination
environment.” (P11)

Findings on Changes in Exam-Related Concerns during COVID-19
Pandemic

Student and parent views on the changes in their concerns emerging during
COVID-19 pandemic were grouped under two main themes, namely “Stable” and
“Changes”.

“Stable” Theme

Student views under “Stable” theme have showed that students had the same
concerns in relation to the exam before the pandemic (f=17), which did “not change at
all”. On the other hand, it has been observed that some students expressed that their
already existing concerns became more overwhelming and greater, that is, “Increased”
in line with the pandemic (f=3).

“My concerns did not change.” (S13).

“I had the same concerns before the pandemic because changing examination system is the
biggest factor bothering me.” (S17).

“Even before the pandemic, I had the same concerns, but they were only a few because my
motivation was higher then.” (S1)

“Even before the pandemic, I had the same concerns, but they were not so overwhelming. |
used to think that I could catch up and prepare by receiving support. However, | don’t feel so,
now.” (S18)

A similar situation has also been observed in the case of parent views. The
findings have revealed that most parents had the same concerns (f=14); thus, their
concerns did “not change at all ” and others expressed that the same concerns became
more overwhelming and greater, that is, “Increased” (f=1).

“Even before the pandemic, we had these concerns (referring to the stressful temperament of
his/her child). We have the same concerns, now, as well. | can say that we are even more
concerned.” (P12)

“I had the same concerns about the exam before the pandemic.” (P15).

“Changes” Theme

Under “Changes” theme, student views expressing that they did not have the
concerns before the pandemic they currently have were included. Within this context, it
was that some of the student concerns are related to “Educational ” factors and that
students pointed out to lack of educational support (f=4), motivational problems (f=1)
and the examination system itself (f=1) as the problem. Moreover, some students
expressed their concerns in relation to “Educational outputs” such as failure to achieve
goals (f=1).

“Before the pandemic, I didn’t have any fear of catching up with exam subjects or my

capability to succeed because there were people that could be of help, | could ask my questions
to both my friends and teachers, but now, | am all alone.” (S9)
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“Even before the pandemic, I had the same concerns, but they were not so overwhelming. |
used to think that I could catch up and prepare by receiving support. However, | don’t feel so,
now.” (S18)

“No, I did not have the same concerns. Before the pandemic, | was worried if | can’t go to the
university that | aimed for; however, | am almost certain about it because | carn’t do this
without support, | can’t catch up.” (S20)

It has been established that parent concerns differed within “Educational ” and
“Psycho-social ” contexts in line with the pandemic. In this regard, parents stated that
they had fears related to efficacy of distance education (f=2), lack of sufficient
educational support (f=1), and their children’s failure (f=4) within the scope of their
“Educational ” concerns, whereas, differently from the students, they expressed
concerns within “Psycho-social ” context by referring to their children’s being
influenced by their friends (f=1), health concerns (f=3), getting stressed (f=2) and
becoming unhappy (f=1).

“I am afraid s/he won’t get in a university and will become unhappy because he can’t study at
home as efficiently as the period before the pandemic.” (P6)

“My concerns were the same then, but when the education evolved to be distance education, |
started to concern about my child’s not getting as efficient education as before.” (P2)

“Before the pandemic, only my child’s own stress used to upset me, but now there is also the
risk of this disease. (P11)

“Before the pandemic, | was worried that my child would not take the exam seriously. That
he’s completely disconnected from the process and depressed concerns me now.” (P20)

“Before the pandemic, I used to worry mostly about the result that my child will get out of the
exam, but now, his/her stressed condition at home worries me even more.” (P13)

Advantages of Preparing for the Exam during COVID-19 Pandemic

Students and parents addressed the “Educational” and “Psycho-social”
advantages of preparing for the exam during the pandemic.

“Educational” Theme

Students expressed, under “Autonomy” sub-theme, that exiting a system
structured against their will with COVID-19, provided them with more time (f=2) and
freedom (f=5). They expressed, under “Physical factors”, that they happened to have a
more comfortable studying environment (f=4), that there were fewer distracting factors
(f=1), and that they got less tired (f=4) than before.

“Staying home, studying more comfortably and freer.” (§19)
“I had more time, which was an advantage for me.” (S13).
“There are no distractions such as commutes, friends.” (S1)

“The advantage is that as we are home, we are not tired from school or extracurricular
courses, in turn, we can study at ease.” (S18)

“It had only one advantage, yes. | dont get tired or lose time because of commuting between
school and private tuition courses...” (S20)

It has been observed that most of the parents interpreted children’s having a
better opportunity to study (f=4) as the only educational advantage and their related
views were analyzed under “Time” sub-theme.

“S/he has more time for her/his own. S/he has a space for an efficient studying activity, we do
our best to make him more comfortable at home.” (P6)

“Slhe doesn’t lose time while commuting between home and tuition.” (P9)
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“I think s/he has more time to study, to devote to her-/himself and his/her lessons.” (P12)

“Psychosocial” Theme

Students pointed out to “Environmental ” factors such as reduced motivation of
their rivals (f=3) and “Personal ” factors such as having time for family (f=1) as the
psychological advantages of preparing for the exam during the pandemic.

“... it allows me more time to spend with my family.” (S7)
“Most people gave up and if | don’t give up, | can do very well.” (S2)
“While everybody cares about the virus, if | care only about the exam, | can get ahead.” (S3)

“Everybody will be affected by this situation, and lose their motivation, and if | can try to keep
myself out of it, | can turn this pandemic into an advantage.” (S4)

The advantages parents expressed within “Psycho-social ” context were related
to their control and supervision of their children. In other words, parents expressed that
with the decrease in free time spent outside (f=8), they found the opportunity to follow
and supervise their children more easily (f=4), which represents an important advantage
within the scope of “Behavioural control”; and that with the increased time spent at
home, peer influence got reduced (f=1), which represents an important advantage under
“Psychological control .

“S/he is not influenced by his/her friends.”” (P3).

“It’s a good thing s/he’s under my supervision.” (P7)

“We are able to plan and supervise his/her studying at home better.” (P10)

“It’s easier for me to follow him/her because s/he’s always in my sight at home.” (P13)
“...As s/he cannot go out much, | can check whether s/he is studying or not.” (P15)
“S/he has more free time at home. S/he can devote time to studying.” (P20)

Disadvantages of Preparing for the Exam during COVID-19 Pandemic

Student and parent views on the disadvantages of preparing for the exam during
pandemic were analyzed under three main themes, namely “Physical”,
“Psychological ” and “Educational .

“Physical” Theme

Under “Physical” theme, students pointed out to insufficient activities (f=2),
risk of getting down with the virus (f=1), obligation to stay home all the time (f=3) as
the disadvantages in relation to “Health .

«“...Staying home demoralizes me.” (S3).
“After all, health is more important than anything, losing it affects our entire lives.” (S11)
“Being under constant stress.” (S12)

It has been observed that parents, similarly to the students, expressed their
“health” concerns. Apart from their health concerns related to COVID-19 (f=1), it has
been seen that parents also worry about, differently from the students, the fact that
preparation period itself for the exam has negative impacts on health (f=9).

“As s/he needs to go to private courses, we are afraid of virus infection.” (P16)
“His/her health was adversely affected in every sense.” (P6)
“My child is badly affected both emotionally and healthwise.” (P10)
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“Psychological” Theme

“Psycho-social ” disadvantages were addressed within the scope of the views
expressed under “Psychological ” theme, under which students mentioned longing for
the past time, where this virus did not exist (f=1), getting stressed (f=2) and limited
social circle (f=1).

“Longing, friends’ circle, lack of activity...” (S7)
“I am bored of lack of any activity.” (S8)

Parents, similarly to the students, discussed “Psychosocial” disadvantages and
pointed out to students’ deprivation of social interaction (f=2) and feeling depressed
and difficulty (f=6); however, differently from the students, they also mentioned that
children experienced difficulty in adapting to the process (f=1) and that this process
caused uncertainty (f=3).

“It has multiplied the stress of my already stressed child. As | worry about anything negative
that may happen to him/her, | think it is a disadvantage.” (P12)

“As we don’t know the course of the situation, adaptation period to pandemic took long, which
led my child to miss classes and, in turn, lack of knowledge about subjects. (P9)

“S/he became mentally depressed and ended up to fail in focusing attention, being home all the
time.” (P15)

“Educational” Theme

As “Educational” disadvantages, most of the students pointed out “Distance
education” and the problems encountered due to its very nature. Lack of face-to-face
education (f=4), failure to understand the subjects by studying all by oneself (f=2),
inefficacy of online education (f=4), lack of sufficient educational support (f=9) was
expressed as the disadvantages of this period. Additionally, differently from parents,
students mentioned disadvantages related to “Academic motivation” such as decreased
studying rates (f=2), lack of motivation (f=2), rivals’ studying harder (f=2).

“...I can’t have immediate answers to my questions, and studying in the same environment with
my sibling is challenging” (S7).

“As I have hard time in understanding the subjects taught on distance education, I lose more
time.” (S9)

“It is disadvantageous because | think receiving face-to-face education is more effective in
terms of learning and understanding” (S19)

“Being caged within four walls demotivates me.” (S1)

“Everyone has a lot of free time, and for me, it becomes a disadvantage if everyone focuses
more on the lessons.” (S4)

As for the parents, they discussed, similarly to the students, the problems
encountered due to the nature of distance education under “Educational”
disadvantages. Within this context, parents stated, under “Distance education” sub-
theme, that students lost motivation (f=1) and suffered from the lack of educational
support (f=2) as well as discussing their doubts about the efficacy of distance education
(f=2) and students’ deprivation of the opportunities yielded by face-to-face education
(f=3).

“In terms of low motivation, this period is far more disadvantageous.” (P13)

“Due to the restrictions, | can’t do my best for my child, nor can | provide necessary support.”
(P1)
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“I cannot provide the opportunity for tuition or other courses than school to support my child’s
education.” (P3)

“...s/he cannot learn efficiently from distance education.” (P19).
“S/he cannot put the education received in full practice.” (P20).

Discussion

It has been challenging for both educators and students to meet the usual
standards of Higher Education Institutions Examination (HEIE), which is an exam
concerning millions of students in Turkey and implement HEIE in accordance with the
public health policies coming up with COVID-19 pandemic. As noted in UNESCQO’s
report (2020), countries have adopted various strategies for high-stakes exams like
HEIE during COVID-19 pandemic, such as canceling, postponing, rescheduling, and
organizing the exams on an online platform. At first, Turkey postponed HEIE and
decided that HEIE would be held when contained social life would be in effect
(UNESCO, 2020). Although it was a challenging task, it can be stated that HEIE
implemented in 2020 by the traditional paper and pencil method was carried out
successfully with all personal protection measures and security put in place. However,
the findings obtained from this study show that this is a difficult situation to adapt to for
students to enter HEIE in 2021 and for their parents. Within this context, the findings of
this study are discussed below under four main headings in the light of literature.

Impact of COVID-19 Pandemic on the Preparation Period for the Exam

Evaluating the findings of this study about the impact of COVID-19 pandemic
on the exam preparation process, it is seen that both students and parents discussed
psychological and educational impacts. In this context, it has been determined that
students and parents similarly expressed health concerns, problems caused by low
motivation, extreme stress and distraction problems. Uncertainty about the restoration of
normal life increased stress and anxiety in both parents and students (Daniel, 2020).
Evaluating the findings in terms of differences between the student and parental
perspectives, it has been seen that the students expressed that they found it pointless to
study for the exam during such a difficult time and that they felt emptiness while
parents expressed the lack of discipline imposed by school. When an individual’s world
turns upside down due to something as chaotic as COVID-19, it can result in the
individual thinking that their work is petty or even completely pointless (Martela &
Kent, 2020). In this context, it is quite an ordinary reaction for students to question the
meaning of them studying through these difficult and unusual times. However, finding a
purpose in such situations makes it bearable for the individual (Martela & Kent, 2020).
As a matter of fact, the findings have also shown that students strive to be motivated by
thinking about their desired profession or their rivals in order to fight against negative
impacts of COVID-19 pandemic on the preparation period for the exam. In a sense, this
can be interpreted as students trying to reduce the negativity caused by the period by
reminding themselves of their goals. Findings have revealed that parents’ coping
strategies were quite different from those of students. It has been determined that
parents expressed that they helped their children make studying plans and provided
moral support within restrictions due to public health policies and limited social
opportunities. According to a study on high-stake exams conducted by Barksdale-Ladd
and Thomas (2000), it was seen that while some parents expressed that they helped their
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children by using methods such as preparing them a rich breakfast during their
preparation period for the exam, others expressed that they supported their children by
pressuring them to complete their study or providing additional educational materials.

The Most Concerning Issues about the Exam

Due to the lack of a structured school/educational environment, the lack of
opportunities offered in traditional formal education, infrastructural incapacity and the
lack of strategies and materials used in education, students and parents are skeptical of
the efficacy of distance education (Basaran et al., 2020). Indeed, the most concerning
issues regarding the exam for the students and parents were the efficacy of distance
education and the problems caused by the very nature of distance education. In addition,
the students also expressed their concerns on the constant changes made to the
examination system as well as the process and the consequences of the exam while the
parents were concerned about their children’s academic motivations in addition to the
examination system. The findings obtained from this study show similarity to the
findings in the studies conducted before COVID-19 pandemic, in which the constant
changes made to Turkish education system were considered a major problem (Temli-
Durmus & Kasa, 2015). For example, in a study conducted by Karatas (2020), students
stated that the changes made to the date of the central placement exam during COVID-
19 pandemic negatively affected their motivation and psychology.

The findings have shown that the most concerning issues about the exam were
not only associated with educational problems and their potential consequences. Both
the students and their parents were concerned about some psycho-social factors that
were personal and environmental. Because of the infection risk of COVID-19, parents,
unlike students, expressed health concerns specific to current time period. It was
observed in a study conducted by Yoriisiin (2020) that just as there were students
concerned about getting infected before the exam, there were also students concerned
about getting infected during the exam and then infecting their families; however, there
have been no findings in the literature about the views of the parents concerning this
issue. It is also known through literature that students experience physical and
psychological problems (Abrams et al., 2003) such as anxiety, stress and fatigue due to
reduced physical and social activities such as hobbies and art etc. (Lewis, 2003;
Thomas, 2005) during the preparation period for high-stake exams. Indeed, it can be
seen in this study that some parents’ health concerns were not only limited to COVID-
19 but also related to these physical and psychological effects, which are in the very
nature of the preparation period of the exam.

The findings of this study have shown that the most concerning issues about the
exam included failure to be financially independent, efforts to go down the drain and the
results of the exam according to the students while the parents were the most concerned
about their children’ experiencing more anxiety and stress, becoming unhappy and too
susceptible to peer influence. Both students and parents expressed their concerns about
the future. It is known that being part of an exam-oriented education system brings
unhappiness (Altan, 2017) and that having constant test anxiety has negative physical
and psychological effects on students (Donmez, 2017). In this regard, it can be stated
that COVID-19 pandemic makes the negative effects of an exam-oriented education
system even more pronounced. Assessing how to recalibrate well-established curricula
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and evaluation traditions upon the pandemic makes it necessary to discuss the
advantages and disadvantages of insisting on traditional assessment and evaluation
practices. Even though exams constitute an important part of education, their clear
association with the curriculum, far less effectiveness compared to global education
systems and failure to meet the requirements of the time have made their presence
questionable in the rapidly changing educational paradigm with COVID-19 pandemic.
Considering that COVID-19 pandemic has made unequal opportunities even more
pronounced (Saltirk & Giingér, 2020) for students preparing for HEIE, it seems
understandable that students preparing for the exam with limited opportunities and their
parents have concerns for the future. It can be considered that concern for the future is
also associated with the sociodemographic possibilities of students. This situation can
be described as follows: “Just as families from middle-upper social classes pass on
their economic and cultural savings to their children, families from lower social classes

)

pass on their “concerns for the future” and “lack of self-confidence” to theirs.’
(Buyruk, 2008, p. 83)

Changes in Exam-Related Concerns during COVID-19 Pandemic

Examining the changes caused by COVID-19 pandemic on concerns about the
exam, it has been found out that a great number of the students and parents stated that
the concerns they expressed on the previous question did not change at all and others
stated that while their concerns did not change, they became more visible and
overwhelming. On the other hand, some students and parents expressed changes in the
content of their concerns with the pandemic. The hyper-arousal caused by COVID-19
pandemic may have led to an increase in both general and specific concerns about the
exam (Karatas, 2020). As a matter of fact, it is observed in the literature that during
COVID-19 pandemic, majority of students showed signs of anxiety (Cao et al., 2020).

The findings obtained from this study have revealed that the concerns of
students expressing changes in their concerns about the exam with the pandemic were
related mainly to academic motivation, lack of necessary educational support and to the
context of changing educational paradigms, while some students were concerned about
failing to achieve their goals because of these problems. In central placement exams,
students adopt a mindset more concerned about test results rather than the quality of
education (FairTest, 2007; Schrag, 2000) and receive additional lectures outside school
(Saito, 2006; Ural & Erktin, 2002). It can be stated that as they cannot carry out such
activities due to the pandemic, students’ anxiety increases. Similarly to the students,
parents expressed concerns about the outcomes of the changing educational paradigm
and, differently from the students, the health of their children.

Advantages and Disadvantages of Preparing for the Exam during COVID-
19 Pandemic

In this study, both the students and parents emphasized having more time to
study as an advantage of preparing for the exam during COVID-19 pandemic. In this
regard, unlike their parents, students pointed out, apart from the extra time, to the
autonomy of existing a structured system and to the advantage of having fewer
distracting factors (friends, noise, time lost on the way to school etc.). As a matter of
fact, conducted studies show that despite the skeptical positions regarding the efficacy
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of distance education (Basaran et al., 2020), it also has some attractive aspects such as
autonomy and flexibility provided to the students about the time and place to study
(Kurnaz & Sergemeli, 2020; Saltiirk & Giingér, 2020). Similarly, in this study, most of
the students and parents expressed that lack of sufficient educational support was the
leading factor they were concerned about and the main disadvantage in relation to
preparing for HEIE during the pandemic; however, they also expressed that because of
the autonomy and extra time it provided to the students, this process could be turned
into an advantage.

In regard to the advantages of preparing for the exam during the pandemic,
students and parents stated their views not only on psychological but also on
educational advantages. It has been identified within this context that the views of the
students and parents are quite different from each other. While students stated that their
rivals’ getting demotivated and their extra time to spend more with their families
constituted the advantages, parents saw increased control and supervision over their
children as an advantage. Time spent at home increased due to the public health
policies, which increased the psychological and behavioral control parents had over
their children. Accordingly, the parents interpreted this extraordinary period as an
advantage in terms of preparation period for the exam. The parents stated that in this
way, they could more easily control if their children were studying or not, plan their
studies and check peer influence. Saito (2006) also found in his study concerning high-
stakes exams in Japan, which has a collectivist structure that parents practice strict
control in relation to high-stake exams. In cultures where access to qualified education
is limited (e.g., Asian cultures), the importance given to academic achievement is very
high. Thus, academic achievement-oriented control practices do not negatively affect
young people in Asian cultures (Chao, 2001). When the determining role of parents in
students’ academic achievement is evaluated (Jeynes, 2012), it can be assumed that such
control-oriented practices may have become more functional during COVID-19
pandemic since students have had to fight against uncertainty.

As part of public health policies in Turkey, curfew restriction was imposed for
individuals under the age of 20 as of April 4, 2020. Afterward, in line with the course of
the pandemic, they were allowed to go out at specific times on certain days on the
condition that they respected the rules of social distancing and using masks (Ministry of
Interior General Directorate of Provincial Administration, 2020). The findings of this
study have shown that both students and parents treat problems caused by lack of
activity as disadvantages of preparing for the exam during COVID-19 pandemic.
Lockdown and staying in the same environment at home all the time negatively affect
the physical and mental health of students. Students, in this regard, expressed that they
were longing for the past while parents emphasized the difficulties their children faced
in adapting to this period. Similarly, it was found out in a research conducted by
Yoriisiin (2020) that social isolation policy implemented as a result of COVID-19
caused students to feel like they had to study constantly and to stress out due to always
staying at the same environment, and in a study conducted by Karatas (2020) that
students were longing for their schools.

Another issue both students and parents discussed as the disadvantage of
preparing for the exam during the COVID-19 pandemic is related to educational factors.
The findings of this study have shown that there were difficulties in adapting to
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online/distance education, that reservations about adopting changing educational
paradigms and deprivation of social and academic support on educational terms were
interpreted as disadvantages by both the students and parents, and that students’
motivation was reduced. It was seen in another study that students and parents had
doubts about the efficacy of online/distance education launched because of the
pandemic (Basaran et al., 2020).

Conclusion

As can be understood based on the findings obtained from this study, distance
and online education, which a vast majority of student population has had to switch to
with COVID-19 pandemic, is not only a problem solely limited to the access to
technology, but it also reflects basic faults and development inequalities. However,
students fight against the increased stress stemming from the transition to distance
education and against a limited student life experience. All students - especially those
preparing for the exam, which stands as a cornerstone in their lives- would like to feel
valued and supported socially and academically in their learning. Developing strong
bonds with peers and teachers creates positive relationships that motivate students to do
their best. Nonetheless, the safety policies implemented for public health have led to the
weakening of such support systems. At this point, it is certain that approaches towards
educational technologies with suspicion will not help. However, the way the technology
is integrated into the assessment and evaluation processes is a pedagogical issue that can
create unexpected problems if it is prescribed only by education bureaucrats.

In conclusion, this study is an early overview of the views of the high school
students and their parents about preparing for HEIE during COVID-19 pandemic.
Although stress is a natural part of the preparation period for the exam for many
students, new stress sources have come into the picture with the pandemic. The anxiety
experienced by the students and parents during their efforts to prepare for the exam has
become overwhelming. In this regard, it is believed that this study, which addresses
student and parent views on preparing for the university admission exam, deeply
affecting the lives of millions of students during COVID-19 pandemic, may serve as a
source for other studies to discuss a similar subject.

Limitations and Suggestions

The most important constraints of this study are as follows: The data were (i)
collected only from the fourth-year students of an Anatolian high school (ii) in
relatively early stages of the preparation period for the exam and (iii) the sample
examined was small-scaled. In further studies, the data can be collected at different
periods of time according to the course of the pandemic and the date of the exam. A
larger-scaled sample can be included in the study (e.g., both parents can be
participants). A comparative analysis can be carried out between the views of the
students who graduated from high school but preparing for the exam once again and the
views of the students continuing their high school education. The metaphors students
produce about the impacts of the pandemic can be analyzed to examine their
experiences further. A study conducted in the United States shows that students who
have just started higher education have put their enrollment on hold until they return to
face-to-face education to avoid missing student life experiences (Johnson, 2020).
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Similarly, as per the data of Student Selection and Placement Centre (OSYM, 2020b),
there were 594,010 students having earned the right to make preferences among
universities but did not according to the results of HEIE 2020. Considering this fact, a
longitudinal study can be further conducted, and a post-exam review can be carried out
on the educational process of the students in accordance with the course of the
pandemic and students’ rates of registration in the programs can be comparatively
analyzed.
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ABSTRACT: This study investigated the evaluation of science activities held over one day at the natural history
museum (NHM) in a rural part of Turkey. The purpose of the research was to determine one day science activities in
NHM through students’ expectations, observations, feelings, learning experiences, and their effect on their academic
achievement and explore teachers’ views about the process. Middle school students (n=125) and their teachers (n=8)
participated the activities. Qualitative dominant (QUAL+quan) parallel convergent design, one of the mixed
research methods, was used in the research. Four different data collection tools (achievement test and three semi-
structured interview forms) were used. According to the results, the activities had a positive effect on the academic
achievement of middle school students. It also helped them gain more profound experiences about the components of
nature and develop more positive emotions. Prior to the science activities, the students expected to focus on
observations and examinations. They emphasized the activities they conducted to collect and analyze fossils more
strongly after the completion of activities. Teachers stated that science activities in the museum increased the active
participation and interest of the students compared to the classroom environment and enabled them to provide
awareness towards the environment and science.

Keywords: Museum education, middle school students and natural science history museum.

OZ: Aragtirmada Tiirkiye’nin kirsal kesiminde bulunan bir doga tarihi miizesinde bir giinliik fen etkinlikleri
degerlendirilmistir. Arastirmanin amaci doga tarihi miizesindeki bir giinlik fen etkinlikleri dncesi ve sonrasinda
ogrencilerin beklentilerini, goézlemlerini, duygularini, 6grenme deneyimleri ile akademik basarilarina etkisini
belirlemek ve siirece eslik eden dgretmenin goriislerini kesfetmektir. Ortaokul dgrencileri (n=125) ile 6gretmenleri
(n=8) arastirmaya katilmistir. Karma arastirma yontemlerinden nitel baskin statiilii (N/T+nic) yakinsayan paralel
desen kullanilmistir. Dort veri toplama aract (basari testi ve ii¢ yar1 yapilandirilmig gériisme formu) kullanilmustir.
Elde edilen sonuglara gore etkinliklerin ortaokul 6grencilerinin akademik basarilarina olumlu etkisi olmustur. Ayrica,
doganin bilesenleri hakkinda derin deneyimler edinmelerine ve daha olumlu duygular gelistirmelerine katki
saglamistir. Miizedeki etkinlikler 6ncesinde 6grenciler daha ¢ok gozlem ve inceleme odakli etkinlikler yapacaklari
beklentisindeyken, etkinlikler sonrasinda mikroskopla inceleme, fosil toplama ve analiz etme deneyimlerinden daha
sik bahsetmislerdir. Katilim gosteren dgretmenler ise miizedeki fen etkinliklerinin dgrencilerin sinif ortamina kiyasla
aktif katilimini ve ilgilerini arttirdig1, gevreye ve fene yonelik farkindalik sagladigini belirtmislerdir.

Anahtar kelimeler: Miize egitimi, ortaokul 6grencileri ve doga tarihi miizesi.
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Museums focus on their audiences by designing spaces, programs, and
exhibitions that encourage repeat visitors (Anderson et al., 2002). According to the
European Group on Museum Statistics (EGMUS, 2020), almost 710 million people
visited different types of museums in European countries in 2019. The number of
visitors to museums in Turkey was nearly 35 million in the same year (The Ministry of
Culture and Tourism, 2020). These numbers show how important museums are for
people. Museums showcasing natural history, science, industry, and art are considered
tools for visual education as they are devoted to the realization of that educational
principle for many years (Klopfer et al., 2005; Melton et al., 1936). Museum education
is an applied interdisciplinary field relying on research and methodology derived from
psychology, education, sociology, anthropology (Falk & Dierking, 1992; Rennie &
McClafferty, 1996), and other areas (Koran & Koran, 1986). As many as 3417
museums in Europe held active special education programs for children in 2019
(EGMUS, 2020). Research on museum education for children in the nineties is
extremely limited (Piscitelli & Anderson, 2001), but the number of studies has increased
over the last few decades (Laherto, 2013), with out-of-school oriented learning
environments gaining importance (Eshach, 2007).

When the educational literature is reviewed, there are many concepts used by
researchers related to educational terminology in the literature of such as formal,
informal, non-formal, out-of-school, out-of-class, free-choice, coincidental learning
(Atmaca, 2012; Falk, 2005; Hofstein & Rosenfeld, 1996; Rogoff et al., 2016; Salmi,
1993; Tuan Soh & Mohd Meerah, 2013). This diversity in conceptualization causes
problems in the literature (Hofstein & Rosenfeld, 1996; Rogoff et al., 2016). Most
authors have classified the educational environment of museum as either a form of
informal learning (Gerber et al., 2001a, 2001b; Shaby et al., 2016) or non-formal
science learning (Eshach, 2007).

Studies on museums or museum education over the decades have provided
incompatible results that both support its effectiveness and critique its ineffectiveness.
Some researchers (Anderson, 1999; Kubota & Olstad, 1991) have stated that the highly
stimulating and novel physical and social environments that museums provide are
linked to ineffective learning, whereas others have argued that visiting a museum can
increase interest, academic achievement, permanence of learning and enhance the
enjoyment of science and related activities, which constitute extremely valuable
learning outcomes (Ayres & Melear, 1998; Egiiz, 2020; Wolins et al., 1992; Yetkiner et
al., 2019). The outcomes of museum education persist over time, according to some
studies (Dragotto et al., 2006; Falk & Dierking, 1997; Taylor & Neill, 2008), while
others have emphasized that these outcomes are temporary (Rennie, 1994; Wolins et al.,
1992). Although museum education is not rocket science (Dragotto et al., 2006), it is
becoming increasingly complex. All research on museum education can be grouped into
three categories: research focusing on the affective and social aspects of visitors’
experiences; the behaviors of families or other visitors; and education as training
activities (Piscitelli & Anderson, 2001). With the recent digitalization era, virtual reality
and mobile museum applications, distance education strategies have come to the fore in
museum research (Bontempi & Smith Nash, 2012; Bulut & Uzun, 2021; Kasapoglu
Akyol, 2020; Notario Sanchez, 2020; Taranova, 2020;). Such applications have turned
distant places into close proximity to all people and impossibilities into possibilities.
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Especially during the COVID 19 Pandemic period, digital applications in museums
have gained importance, necessitating the digital participation of the audience in the
applications in the museum (Karadeniz, 2020).

Museum education also contributed to enhancing public school students’
cognitive learning (Kubota & Olstad, 1991; Suter, 2014). Post-visit activities enabled
seventh-year students to construct and reconstruct their knowledge of the concepts and
principles of science (Anderson, 1999). Ayres and Melear (1998) studied elementary
school (from 8 to 13 years old) students to compare multimedia and hands-on learning
in museums. They found that science learning increased when students interacted with
multimedia exhibits as opposed to when they interacted with hands-on exhibits. Martin
et al. (2016) demonstrated gains in content knowledge recall, self-efficacy, valuation,
and aspirations, and links between these gains and positive beliefs about health practices
in a museum-based science education program for elementary and secondary school
students (aged 10-16 years). On the other hand, Cildir (2018), determined that the
educational activities in the museum did not make any change in the level of knowledge
while improving the writing skills of the eighth-grade students. According to Egiiz
(2020), it had been revealed that teaching practices based on museum education within
the scope of the “Culture and Heritage” unit were effective in increasing the academic
achievement of fifth-grade students, reinforcing the subjects and ensuring learning
permanence. Similarly, Tirkmen (2018) determined that their visit to the Natural
History Museum (NHM), which was structured according to the learning cycle,
increased fifth-grade students’ academic achievement on fossils and made positive
statements about the museum.

When the researches of museum visits, activities and programs and were
examined; It emphasized that museums, parks, natural habitats and school gardens are
not perceived as out-of-school learning environments by teachers and pre-service
teachers (Bostan Sarioglan & Kiigiikozer, 2017) and these areas were out-of-school
learning environments where teachers’ responsibility is high (Ay et al., 2015). For this
reason, teachers’ views, knowledge and attitudes towards museum education or visits
are decisive in students” museum visits (Mortensen & Smart, 2007). Although teachers
know the benefits of taking students on museum trips (Cox-Petersen et al., 2003;
Griffin, 2004), blending formal classroom learning with museum education can be
difficult (Kisiel, 2003). Tal et al. (2005) stated in their research with 30 teachers
(serving at the 4th to 10th-grade levels) that they did not know the reason for their
museum visit and described the school trip as a fun activity rather than a well-planned
educational experience. Thus, teachers’ opinions, knowledge, and attitudes toward
museum education or visits determine students’ museum visits (Mortensen & Smart,
2007). Solmaz (2015) stated that social studies teachers did not know the concept of
museum education and were unaware that its practices had been revealed. According to
the author, although all of the teachers participating in the research stated that museum
education was essential for the social studies course, it provided permanence in
learning, facilitates learning, and provides visual learning, it had been observed that
teachers had not taken their students to museum visits recently. Although teachers know
the benefits of taking students on field trips to museums (Cox-Petersen et al., 2003,
Griffin, 2004), blending formal classroom learning with museum education can be
challenging (Kisiel, 2003).
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Over the years, the importance of placing museums in curricula and integrating
them with informal learning environments is increasing (Shaby et al., 2016). There are
many scientific studies for formal educational institutions such as schools. However, it
is very difficult to transfer the findings obtained from the studies conducted in the
school environment to environments such as museums that are more complex out-of-
school environments and have a large number of objects, concrete materials such as
exhibitions (Andre et al., 2017). In addition, planning and implementing research in a
formal environment can be much easier than in environments outside the school. In
informal areas such as museums outside the school, the interaction of students with a
large number of objects (exhibitions and collections in the museum) and people
(museum staff, teachers, peers and families) complicates the learning process and is
restrictive for researchers to carry out such research. However, as Salmi (1993)
emphasizes, such environments are effective environments for increasing the interaction
between school and society, providing students with opportunities to practice, observe,
and increase their motivation.

The NHM use as an educational environment varies based on the subject
studied. Mujtaba et al. (2018) described the literature on the role of NHM in increasing
learning and supporting science education as complicated. This was expected because
the NHMs are diverse, given that they have cultural objects, endemic species,
geological structures, fossils, and formations specific to the country, region, city, or
district they are situated in. This characteristic of NHM causes variety in studies in the
field of science education. Gerber et al. (2001b) noted that as out-of-school activities are
difficult to evaluate, they are generally not considered while evaluating students. They
also emphasized that informal studies relying on museums are not researcher-friendly.
Osborne and Dillon (2007) stated that research in formal settings is more common and
how information is acquired in informal environments outside the school remains
largely unclear. As can be understood from the literature, studies on museum education
have quite different focuses. In addition, many studies also show promising results that
museum visits affect students positively and contribute to their learning. However, there
are limited studies related to creating a usable instruction program about education in
museums, especially the effect of the program on the student. At this point, our study is
designed to reveal how an instructional and organized museum environment will
contribute to students and whether this instructional practice is suitable for use
educational purposes. When the literature on museum education is examined, it is seen
that museum education generally consists of pre-museum preparations, museum tours
and post-museum evaluation processes (Buyurgan, 2019). It has been determined that
the duration of the application at the stage of the museum visit, among the specified
categories, varies according to the study group of the research, its variables and the
focused context (Cildir, 2018; Dilli et al., 2018; Egiiz, 2020; Martin et al., 2016;
Mortensen & Smart, 2007; Tiirkmen, 2018). In the current research, only the science
activities carried out during one day in the museum were evaluated within the scope of
the relevant project. The study was conducted in the Ali Demirsoy Natural History
Museum (ADNHM), which is one of the out-of-school learning environments, was the
site for this study. This museum is unique because of its geographical location. Detailed
information on this is presented in the Environment section.
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Method

The main problem of the study is that it evaluated the effects of science activities
in natural history museums as out-of-school learning environments, on students’
achievement, expectations/observations, feelings and learning experiences and to
explore teachers’ views about the process. The study relied on both quantitative and
qualitative data collection and analyses and used a convergent parallel design
(QUAL+quan) (Creswell & Plano-Clark, 2015). In the current study, qualitative data
were collected for the three sub-problems of the first research question (1a, 1b, 1c) and
the second research problem, while for only the fourth sub-problem (1d), quantitative
data were collected. As the research problems determined in the current study mainly
required qualitative data, more qualitative methods and data collection tools were used.
Thus, it is a qualitatively-dominated mixed study. Quantitative data were collected to
understand the effect of the activities on the students’ academic achievement. As the
research problem mostly required qualitative data, more qualitative methods and data
collection tools were used. Thus, it was a qualitatively-dominated mixed study.

The purpose of the research was to evaluate one-day science activities in natural
history museums (ADNHM) as out-of-school learning environments through students’
expectations, observations, feelings, learning experiences, and its effect on their
academic achievement, and to explore teachers’ views about the process. The sub-
problems are given below.

1. What are the expectations and learning experiences of the middle school
students about the science activities conducted in the ADNHM?

a)  What are the students’ expectations and observations about the object
(animate and inanimate entities) in the ADNHM before and after science
activities?

b)  What are the students’ expectations and learning experiences about the
science activities in the museum before and after?

c)  What are the students’ feelings about the ADNHM before and after the
visit?

d)  Have the science activities in the ADNHM had a quantitative effect on
the students’ academic achievement?

2. What are the teachers’ views about the effect of the science activities on
students in the ADNHM?

Study Group

The study group of the current research is comprised of middle school 5", 6,
7" and 8" graders (n=125) and eight teachers leading the instructional activities
conducted in the museum. Four of the eight teachers leading the instructional activities
in the museum had been in an out-of-school environment before. Service year of
teachers [Teacher 1 (T1): 4 years, T2: 3 years, T3: 1 year, T4: 2 years, T5: 9 years, T6:
1 year, T7: 5 years, T8: 10 years] who participated the study range from one to 10 years
and one of them male and seven of them female. The branches of the teachers
participating in the research are science (n=4), social studies (n=2), music (n=1) and
physical education and sports (n=1).
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Three data collection tools were administered to the middle school students in
the study group. One of these tools is a multiple-choice achievement test, and two of
them are semi-structured interview forms. The current research data were obtained
within the scope of the project titled “A Scientific excursion in the natural history
museum.” 125 middle school students participated in the project training. As the
administration of these data collection tools was on a volunteer basis, for the first and
second semi-structured interview forms, 100 students were reached, and a total of 92
students were reached for the pre-test and post-test of the achievement test. The data
about the participating students’ state of being in an out-of-school environment was
collected using the first semi-structured interview form. In this regard, it was found that
65 (65%) of the participating 100 students had been in an out-of-school environment.
Their responses in relation to the out-of-school trips they had participated in were
analyzed by using content analysis to determine the characteristics of the study group.
The students’ responses were coded as follows: If a student participated in both the visit
to the NHM and the trip to Kemaliye, frequency values were separately entered for
them; thus the total number of students may vary.

Table 1

Themes and Codes in Relation to the Out-Of-School Environments that the Students
Had Visited Before This Study

Theme Codes f

Natural History Museum (f=35), Ahmet Kutsi Tecer Museum (f=8),
Ethnography Museum (f=2), Topkap1 Palace (f=2), Toy Museum (f=2), Halil

Museum Visit Tepe Museum (f=1), Ali Kuscu Science Centre (f=1), Atatiirk History 53
Museum (f=1), Ko¢ Museum (f=1)

City/Town/Villa Kemaliye (f=10), Elaz1g (f=8), Erzincan (f=4), Apgaga Village (f=3), 97

ge Trip Aksaray (f=1), Kirkgoz (f=1)

School Trip Science High School (f=3), University (f=1). 4

Others Picnic (f=5), Park (f=4), Boat Trip (f=3), Theatre (f=1), Kite Festival (f=1) 14

Total 22 Codes 98

It is seen that the majority of the students have been in out-of-school
environments in Table 1. The out-of-school environments the students have been in
include museums, cities, towns, school trips, picnics, theatre, kite festivals and boat
trips. Most of the students have participated in a trip to a museum (f=53). Yet, they have
not received any training there.

Data Collection Tools

Four different data collection tools were used: a multiple-choice achievement
test and two semi-structured interview forms for students, and a semi-structured
interview form for teachers. The achievement test was applied as the pre and post tests
to determine the students’ academic achievement. The test had 14 multiple-choice
questions (4 options) and was sent to 4 faculty members who are experts in the field in
order to determine the content validity index. Based on the feedback received from the
experts, four questions with negative content validity ratios were discarded. The test
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was piloted on 66 people, and its Cronbach Alpha reliability coefficient was .70. The
maximum score that students can get from the achievement test is 10.

A semi-structured interview form was prepared to identify the students’
expectations and views before the science activities were implemented in the museum.
Caliskan and Cerkez (2012), Egiiz and Kesten (2012), and Evren-Yapicioglu et al.
(2017) was used in the preparation of semi-structured interview form questions. The
first part had a paragraph explaining the study and five questions (For example: What
grade are you in? Have you ever taken a field trip before? Have you ever visited a
museum before? etc.) to gather students’ demographic information. The second part had
three questions (For example: What do you hope to see at the NHM? What are your
expectations? etc.) to gather data on the students’ expectations. Second semi-structured
interview form comprised eight questions (For example: What did you observe animate
and inanimate in the NHM? What did you experience in the NHM?) to elicit data on the
students’ experiences after the science activities were complete.

The third semi-structured interview form was developed to gather data on the
opinions of teachers on leading the students during the activities and the experiences of
the students. The first part had a paragraph explaining the study and five questions to
gather demographic information. The second part had five questions (For example:
What did you observe in your students during the application process in the NHM?
What are the observations and practices that interest you? Etc.) to gather data on the
teachers’ opinions on the students’ experiences. All forms were reviewed by three
experts who specialized in qualitative research and had experience and student-teacher
interviews. Experts did not remove or add questions in the forms. They only made
suggestions for better expression of some questions and corrections for spelling errors
and structure of the forms. After corrections were made, the interviews forms were
administered. While the student interview before the implementation of the science
activities in the museum lasted 10 minutes, the interviews lasted between 15-20
minutes. Teacher interviews lasted 10 minutes.

Data Analysis

Analysis of the Qualitative Data: In the analysis of the qualitative data, the
inductive content analysis method (Giiler et al., 2015) was used, and manual coding was
performed. The most important feature of the inductive content analysis method is that
themes and categories are derived from the data at hand (Elo & Kyngés, 2008). A
preliminary coding in light of the existing research was not performed. Some stages
were followed in the data analysis process. At first, the raw data were transcribed into
written text format consisted of sentences and paragraphs to make them ready for the
analysis. The transcribed dataset was coded according to the research questions. By
bringing similar codes together, sub-themes and themes were generated. A coding
scheme was created by organizing sub-themes, themes and codes. The transcript,
including the coding scheme and raw data, was sent to two experts specialized in
qualitative analysis. The inter-coder reliability was calculated by using the formula
proposed by Miles and Huberman (1994). The agreement between the coders was found
to be 89%. The last stage was to determine the codes repeated within the sub-themes
and themes, and then they were turned into frequency tables and interpreted.
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Quantitative Data Analysis: In the analysis of the quantitative data, SPSS 22
program package was used. First, the data were entered into the program. Then
assumptions were tested to decide the analysis techniques to be used. It is necessary to
test the assumption of normality of the distribution to be able to use parametric
statistical test techniques. The following three methods can be used to determine
whether the data obtained for a continuous variable are distributed normally: skewness
coefficient, mod, median and arithmetic mean. The descriptive characteristics of the
quantitative data of the current study are given below.

Table 2

Pre- and Post-Tests* Descriptive Statistics Related to Quantitative Data
Test Mean Med Var. SD Min Max Skew Kurt
Pre-test 3.90 4 1.97 1.40 1 7 -.16 -.45
Post-test 5.73 6 331 1.82 0 10 -.55 .33

As can be seen in Table 2, skewness and Kurtosis coefficients of the pre-test and
post-test data are between -1 and +1. Given that the sample size is larger than 30, the
distribution of the scores is accepted to be normal. As a result, paired sample t test, one
of the parametric tests, was used to investigate the statistical significance between the
pre-test and post-test scores.

Also effect size of Cohen’s d (Cohen, 1988) is widely preferred for statistical
methods (single group t-test, t-test for related samples, t-test for unrelated samples, etc.)
in which the difference between the group mean is calculated (Ozsoy & Ozsoy, 2013).
The Cohen d coefficient was used to determine the effect size of the study and it is
presented in the quantitative findings section.

Context of the Study

The study was conducted in the Prof. Dr. Ali Demirsoy Natural History Museum
at Erzincan University in Kemaliye district, Erzincan. The museum has a total area of
1000 square meters and includes two large halls and conference rooms for 400 and 100
people, respectively, both of which are used for museum education. Natural specimens
in the museum are geological materials like minerals, stones, soils, crystals, rocks, and
fossil specimens. Another section displays exhibits of microscopic single-cell plants and
animals living in the aquatic environment, invertebrates, crustaceans, and mollusks,
which are placed in jars filled with alcohol solution. There are also plants in the
herbarium, as well as mounted vertebrates from different parts of the country and the
surrounding areas of Kemaliye.

Procedures

The current research data were obtained within the scope of the project titled “A
Scientific excursion in the natural history museum.” The students in the study group of
the current research participated in the one-day science activities carried out in the
ADNHM in March (n=32), April (n=31), May (n=32) and June (n=30) 2019 in groups.
Prior to the instructional practices, a semi-structured interview form and the pre-test
were administered to the students. Within the context of informal instructional practices,
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a total of six activities were carried out by faculty members specialized in their fields in
the ADNHM. The brief contents of six activities are given below.

Table 3
Contents of Science Activities

Name and the Activity Content of the Activity

Before the activity, 30 fossil specimens within the museum, which are
visible in size, were distributed and placed in a 150 m?garden. Students
were asked to find the fossil specimens they had seen in the museum
and they had been given information about by searching in the garden
having the same features with their natural environments and take one
with them. While searching for the lost fossils, they were asked to
think about how the species belonging to 30 million years ago could
have survived to the present day, how these creatures living in the sea
could be found at the top of the high mountains far from the sea, and to
question the fossils by traveling to the past.

1- Travel to 30 million years
ago with fossils

The students were allowed to examine more than 1000 plant species
within the museum and the plant species grown in the culture medium
with a microscope. Moreover, the students were presented with the
techniques of keeping these culture plants as museum materials. Then
each of the students was given a plant sample cultivated in the culture
medium. The students were then informed on how to dry these plants
in cartons and keep them intact, and then they were asked to prepare
these plants in the same way.

2- | discover the plants

3-Microscopic life in a drop  Fixed water samples of the museum collected within the scope of
of water different projects in the previous years were examined under the
microscope.

In this activity, each student left a drop of water on the slide with a
Pasteur pipette from the water samples and then covered it with the
coverslip. Participants were asked to observe the single-celled creatures
in the water by putting this preparation under a microscope, first
finding the image from the smallest magnifying lens, and then moving
to other large lenses for clarity. Each living thing they saw was
examined together with their instructors. Discussions were conducted
in a dynamic manner about which group it belongs to, its features and
its importance in the ecosystem.

Insect samples in the exhibition and storage cabinets in the museum
were distributed to the students. Each student was allowed to observe
the samples with the help of a magnifying glass and a microscope.
After the concerned expert gave the students the necessary information
on how these insects are caught, a sweep net with an insect catching
bucket was distributed to each student. The bugs caught with the
buckets were rereleased without taking them. Later, one of the insect
samples found in alcohol in the museum was placed in petri dishes and
distributed to the students with forceps and needles. Each student was
asked to examine it under a microscope. During the examinations, the
instructors gave detailed information to the students about the insects’
eyes, antennas, mouth structures, wings, legs, and abdomen parts.

4- | am touching insects

The activity aimed to teach the relations of living groups in the
ecosystem with each other and what kind of food web they were in,
through interactive play. Each player took a card from a middle pile
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and raised it so that everyone could see the name of the organism on
the card. The person who had drawn the tree card started the game by
picking up the ball of twine and tossing it to someone else in the circle.
The person who caught the ball tried to explain how the organism on
their card interacted with the tree. Anyone in the group could join to
help with this clarification. Next, the person who caught the ball
grabbed the rope and tossed the ball to a third person. The third person
explained how the organism on his card interacted with the second
person’s organism. If the player got stuck, everyone in the game could
guess. The game continued until it is everyone had a chance to catch
the twine. The string was now complex and tangled and everyone in
the group was connected. Players could also discuss and exchange
ideas about how their own organisms related to others that had
appeared earlier in the game.

5. Biological Diversity

The activity tried to understand which of the phenomena students
created in their own world regarding the museum came to the fore.
During the activities held throughout the day, they had the opportunity
to meet many living species from exhibition materials to the world of
microscopes to mammals and gained experience about many living and
non-living things that they had not seen, touched or felt before.
Regarding the subject, they were given drawing paper, an eraser and a
pencil, and they were asked to draw and explain what the museum
meant to them.

6. Traces from the Nature
History Museum

Ethical Procedures

The current research data was obtained within the scope of the project titled “A
Scientific excursion in the natural history museum.” Ethics committee application and
permission for the research was received from Hacettepe University on October 16,
2018 (numbered 35853172-900). Since the study group of the research was students
under the age of 18, a parent permission form was used and obtained all the students
who are participated in science activities in ADNHM. Students’ responses to data
collection tools for research are completely voluntary.

Results

Qualitative Findings About the Students

Two semi-structured interviews were conducted before and after the science
activities were held at the museum. The students expressed that they expected to see
some specimens in the interview conducted before the activities and preferred to talk
about what they observed during the science activities in the interview that followed.
The codes derived from these responses of the students are explained under the themes
of expectations and observational experience of animate and inanimate entities and are
presented in Table 4.
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Table 4
Students’ Expectations and Observations of Animate and Inanimate Entities
Themes Pre-activities The fore Post-activities Codes The Types  fpost
Codes Types of (Observed) of Codes
(Expected) Codes
Geological Fossils (f=28), 4 53  Fossils (f=59), Stones 8 94
Structures Dinosaur (f=16), Rocks (f=8),
and Fossils Skeleton (f=9), Lichens (f=5), Core of the
Bone (f=5), Earth (f=3), Minerals
Stone (f=10) (f=1), Magma (f=1),
Natural Disaster (f=1).
Vertebrates  Animals (f=31), 9 52 Animals (f=23), Snake 23 89
Snake (f=10), (f=16), Wolf (f=7), Fish
Fish (f=3), Deer (f=7), Leopard (f=5), Fox
(f=2), Rain (f=5), Grizzly Bear (f=4),
Beetle (f=2), Bird (f=4), Goat (f=2),
Bird (f=1), Frog (f=2), Blowfish
Turtle (f=1), (f=2), Mouse (f=1), Sea
Gorilla (f=1), Otter (f=1), Bee Eater
Mammoth (f=1) (f=1), Goose (f=1),
Wildcat (f=1), Yeanling
(f=1), owl (f=1), Squirrel
(f=1), Eel (f=1),
Anatolian Leopard (f=1),
Deer (f=1), Dinosaur
(f=1).
Invertebrates Insect (f=18), 6 29 Insect (f=65), Butterfly 19 130
Butterfly (f=5), (f=9), Scorpion (f=8),
Scorpion (f=3), Mosquito (f=6),
Spider (f=1), Cockroach (f=5), Spider
Grasshopper (f=5), Fly (f=4),
(f=1), Caterpillar (f=4),
Caterpillar Earthworm (f=3), Bee
(f=1) (f=3), Sea Shell (f=3),
Starfish (f=3),
Grasshopper (f=3), Coral
(f=2), Lobster (f=2),
Mussel (f=2), Crustaceans
(f=1), Centipede (f=1),
Harvest Fly (f=1)
Plants Plants (f=8) 1 8  Flowers (f=22), Plants 8 40
(f=11), Tree (f=2), Tree
Root (f=1), Flower Liquid
(f=1), Flower Leaf (f=1),
Pollen (f=1), Reverse
Tulip (f=1)
Microscopic  Microscopic 1 7 Microscopic Living 6 26
Living Living Things Things (f=16), Euglena
Things (f=7) (f=6), Microorganisms

(f=1), Alga (f=1),
Microbe (f=1), Protozoa
(f=1)
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Historical Ruin (f=6), 5 10 - - -
Ruins Archaeology

History (f=1),
Historical
Artefact (f=1),
Historical
Natural Artefact
(f=1), Historical
Weapon (f=1)
Scientists - - - Prof. Dr. Ali Demirsoy 4 7
(f=3), Scientist (f=2),
People from University
(f=1), Prof. Dr. Aydin
Akbulut (f=1)
Others Poster (f=1), 4 4 Larva (f=6), Animal Skin 7 16
Device (f=1), (f=5), Skeleton (f=1),
Robot (f=1), Goat Horn (f=1), Blood
Animal (f=1), Herbarium (f=1),
Drawing (f=1) Bark (f=1)
Mushrooms  Mushroom 1 1 Mushroom (f=5) 1 5
(f=1)
Total 31 164 76 407

As can be seen in Table 4, before and after the activities were conducted, the
students had similar responses and more codes were derived from them. Only historical
ruins in the scientist’s pre- and post-activities did not have any code. A tangible increase
was seen in the type and number of codes from the pre- (Types of codes: 31, f=164) to
post-test (Types of codes: 76; f=407) stages. Before the activities were conducted, the
students expected to see geological structures and fossils (f=53), vertebrates (f=52), and
invertebrates (f=29). After the activities were conducted, they stated that they had
observed invertebrates (f=130), geological structures and fossils (f=94), and vertebrates
(f=89). The students described their expectations and experiences of the science
activities in the ADNHM. Their responses are presented under four different sub-themes

(observation and analysis, gains, others, and undescribed) in Table 5.

Table 5
Students’ Expectations and Learning Experiences of the Science Activities
Sub-themes Codes fore frost
Observing and analyzing different specimens 31 16
Observation and Analyzing with a microscope 6 23
Analysis Collecting and analyzing fossils 2 20
Collecting and analyzing insects - 8
Learning different/new/unknown things 17 11
Gains Getting to know and learn about living things in c 10

nature
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Raising awareness of living things in nature 1 4
Learning how to use a microscope - 8
Raising awareness of the formation of the earth - 5
Learning how herbariums and museums are i 9
established
Others Planting trees 2 -
Undescribed Now knowing what to do 5 -
Total 12 Codes 69 107

According to the pre-test data, some students expected to engage in seven
different instructional practices, whereas some did not know what to do (f=5). However,
a significant increase occurred in the type and number of the codes related to students’
experiences compared to expectations in the post-test. Whereas the students expected to
observe and analyze different specimens before activities, they talked about
observations and experiences like conducting analyses with a microscope and collecting
and analyzing fossils after activities. It is remarkable that microscope-related codes
were distributed to two different codes and themes. Student statements are presented in
Table 6 under different themes based on the emotions they felt before and after the
activities were conducted.

Table 6

Emotions Felt by the Students Before and After the Activities Were Conducted
Theme: Emotions f(pre,) f(Post)
Happiness 27 13
Curiosity 13 4
Excitement 12 3
Beautiful 12 24
Nice 4 4
Enjoyable 2 21
Wonderful 1 1
Gratitude - 5
Love - 4
Interest - 4
Stress reduction - 1
Neutral - 1
Bored - 1
Total 71 86

Students used 7 and 13 codes to express their feelings before and after the
activities were conducted, respectively, as seen in Table 6. The number of repeated
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codes increased. Students defined themselves as happy, curious, and excited about the
activities at first. However, after the activities, the number of statements around
satisfaction decreased, while that around enjoyment, beauty, and similar themes
increased. They also expressed gratitude to the experts who helped them while
conducting the activities.

Quantitative Findings About The Students

Paired samples t-test was conducted on the data from the achievement test and
the findings are presented in Table 7. There is a statistically significant difference
between the achievement test mean scores from the pre- and post-tests’ phases
[ten=9.9, p<.05] as seen in Table 7. The differences between the mean scores reached
31.93%. These results show that the activities conducted at the museum had positive
effects on the students’ academic achievement.

Table 7

Paired Samples T-Test Conducted on the Pre- and Post-Tests’ Scores Obtained from
the Achievement Test

N Mean SS SD t p
Pre-test 92 3.90 1.40
91 -9.9 .00
Post-test 92 5.73 1.82

Cohen d coefficient was calculated as .69 in the study. Since the Cohen d
coefficient was between .2 and .8 (Cohen, 1988) as the effect size of the study, it was
determined that it had a moderate effect.

Quialitative Findings About the Teachers

Through a semi-structured interview, teachers’ opinions were elicited. The
teachers were asked to record their observations of the students they accompanied.
Eight codes were formed and are presented under two themes in Table 8.

Table 8

The Teachers’ Views about the Effect of the Science Activities on the Students in the
ADNHM

Theme 1: The effect of the Science Activities on Students Conducted at the Museum

Codes Quotations

) T5: | think that the students were more active than they are in class and
Permanent Learning .
they achieved.

] S T8: In my opinion, the students were more active here and thus
Active Participation . .
more permanent learning was accomplished.

Interest in Science T7: The students feeling like scientists were quite impressive.

Concrete Life

. T3: Students were able to attain concrete experiences.
Experiences

Skill to Access T8: They arrived at the information they needed without being
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Information perplexed by the large amount of theoretical information presented to them.
Environmental T1: | think they were able to develop a different but more sensitive perception
Sensitivity of the environment.

Theme 2: Students’ Experiences during the instructional practice

Observation and T5: Students were provided opportunities that they could not otherwise access
Analysis in Kemaliye and thus, they conducted analyses.
T6: Students were interested in the details they had seen for the first time.

Using a Microscope They were able to see through the microscope for the first time and gained
knowledge on how to use it.

Total: 8 Codes, 2 Themes

Note: T=Teacher

When Table 8 examined, the teachers accompanying the students thought that
the science activities conducted at the museum fostered active student participation,
enhanced their interest in science, helped them develop the skills they needed in order to
have access to information, and improved their sensitivity toward the environment.
They also stated that through the science activities conducted at the museum, the
students learned to use a microscope and were engaged in observation and analysis.

Discussion and Conclusion

The purpose of the current study was to evaluate science activities in ADNHM
as out-of-school learning environments through students’ expectations, observations,
feelings, learning experiences and its effect on their academic achievement, and to
explore teachers’ views about the process. Since the conceptual expressions of the
students about the names of animate and inanimate entities in the museum collection
have increased approximately two and a half times (The type of codes; fore=31, fpost=76;
number of repeated codes; fore=164 fpost=407), the science activities conducted in the
museum were found to have important contributions to the conceptual development of
the students. When students presented the general name of the class or phylum of living
things, such as plants, animals, insects etc., before the activities, they expressed the
specific name of the species, genus, or ordo rather than upper taxonomic category
names after activities as shown in Table 4. The quantitative data obtained for the fourth
sub-problem of the study revealed that the science activities conducted have positive
effects on the learning of the students [to1=-9.9, p<.05]. The Science activities in the
NHM resulted in moderate effect in practice (Cohen d=.69). As it is known, conceptual
development is one of the first steps in the accomplishment of learning. It was expected
because of the characteristics of an informal learning environment (Callanan et al.,
2011; Marsick & Volpe, 1999). The training in museums that allow using real and
concrete materials help children to learn about a subject and perceive abstract concepts
more easily depending on their cognitive development (Dilli et al., 2018). Similarly,
Tiirkmen et al. (2016) are of the opinion that trips to informal learning environments
such as NHM will contribute to students’ classification of living things. The activities
conducted in out-of-school environments like the museum in this study had a positive
contribution to the students’ conceptual development (Livingstone, 2006) and learning
(Anderson et al., 2003; Gerber, et al., 2001a). The teachers participating in the current
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study are also of the opinion that the instructional activities conducted in the ADNHM
“helped students be more active than they are in the class and achieve more permanent
learning.”

Before the activities were conducted, students expected to see geological
structures and fossils rather than other specimens, and they talked more about their
observations of invertebrates, geological structures, fossils, and vertebrates after the
activities were conducted. The students expected to see more of the geological
structures and fossils before the application because the activities in the current study
would be made in a NHM and that students thought that they would see more inanimate
components of nature such as fossils, stones and rocks. After the science activities in the
museum, the students more frequently mentioned their observations about invertebrates
using more code types. This might be because of the fact that these creatures were
included more in the museum concept and that they have a much higher number of
species in the world (Turkey Ministry of Forestry and Water Management, 2013) of
living things. Another remarkable finding is that the students expressed expectations to
see the objects normally exhibited in ethnography museums, such as historical ruins and
historical weapons in the ADNHM. This might be because some of the participating
students had visited ethnography museums before. In the theme of scientists emerging
after completing the science activities, the students mentioned the names of the
scientists involved in the practices, and thus, they observed. Involvement of faculty
members from universities in such studies allowed the students to observe these
scientists.

The results show that the students engaged in a different situation in the museum,
which had gone beyond their expectations. The students’ expectations and experiences
of the science activities conducted in the ADNHM were collected under three sub-
themes. Before the activities were conducted, they mostly thought that they would
observe or analyze something in the museum. According to Salmi (1993), students learn
to observe and gain new experiences in such informal environments. The sub-themes
and codes reached provide information about student experiences during the activities
NHM, one of the out-of-school learning environments, and deepen the research. In the
current study, while the students mentioned that they would perform actions such as
observing and analysing living / non-living things before the application of the science
activities, they mentioned that they carried out activities such as using a microscope and
collecting and analysing fossils after the application of the instructional practices.
According to this result, it can be said that the activities of “traveling to 30 million years
ago with fossils” and “microscopic life in a drop of water” that students carried out
during the informal science activities were interesting for them. In addition, the species
belonging to the world of microscopic living things and fossils dating back to millions
of years ago are living and non-living things drawing the students’ interest. In their
study, Green and Smith (2005) argued that small-sized things aroused great interest for
primary school students and that the students’ introduction to the microscope through
the applications conducted by a primary school in cooperation with a university
increased their interest in science and supported their success in science. As a result of
the observations of the teachers who accompanied the students during the instructional
practices, the codes related to the use of microscope and observation-analysis emerged.
In addition, the fact that the variety and number of codes in the sub-theme of observing
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and analyzing is high can be interpreted as the science activities carried out in the
museum contribute to the observation, classifications, predication skills, which are
scientific process skills. When the studies in the literature are examined, it is stated that
museum education for different participant groups than the current research improves
the scientific process skills of the students (Bodur & Yildirim, 2018; Oztiirk Samur et
al., 2015). In addition, similar results were reached in studies in which more than one
area (one of them was museum) and different participant group was used for out-of-
school learning environments (Uludag, 2017).

Students’ emotions pertaining to the activities conducted were the most
interesting outcomes. They expected to engage in an out-of-school activity in a museum
for which they were not responsible as in school. However, the activities in the museum
comprised an instructed program. It was different from what the students engaged with
at school and it took place in an environment outside of school. Thus, they were happy,
curious, and excited about the activities before visiting the museum. These feelings gave
place to feelings of enjoyment and appreciation for beauty after the activities were
conducted. Appreciation of beauty and enjoyment are more objective and tangible.
Anderson and Lucas (1997) noted that curiosity is a stimulus that helps one explore,
manipulate, and interact with the environment and is generated by the individual’s
feelings of perceived novelty. The results show that the activities satisfied students’
curiosity after the program was conducted. McManus (1987) suggested that a part of the
reason for visiting a public education facility is the anticipation of enjoyable social
interaction. Visits to museums are enjoyable social events (Anderson, 1999). This is
partly because visitors expect to enjoy the social context (Falk & Dierking, 1992, 1997).
Out-of-school environments enhance student interest in topics like biology (Uitto et al.,
2006) and effectively increase their motivation (Shoshani & Eldor, 2016). Whereas only
two students stated that the activities were enjoyable before visiting the museum, the
number increased to 21 after the activities were conducted. The reason for the increase
was that activities in the museum, as shown in Table 2, involved social interactions
among the students and between students and instructors. Low happiness and
excitement on the part of students in the beginning may explain that they did not have
any expectations pertaining to the museum experience. They expected to visit the
museum and walk around. In addition to this, students were tired due to participating in
activities all day. This may be another reason for the decreased happiness and
excitement after the activities.

Teachers were also of the view that activities in the museum “helped students
become more active than they were in class and to achieve more permanent learning.”
Thus, it can be argued that such practices can have positive effects on students’ learning
outcomes. Sontay et al. (2016) concluded that science teaching carried out in out-of-
school environments can make students’ learning more permanent and can provide
students with effective and enjoyable means of learning. Some qualitative codes derived
from the teachers’ opinions are explained above in relation to student learning
outcomes. The teachers thought that the instructional practices conducted at the museum
fostered active student participation, enhanced their interest in science, helped them
develop the learning skills they needed in order to gain access to information, improved
their sensitivity toward the environment, and helped them accomplish more permanent
learning. They stated that in informal instructional practices conducted at the museum,
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students were engaged in observation and analysis with the use of a microscope.
Storksdieck (2001) examined the museum experiences of teachers and students and
stated that teachers had a different experience of the educational trip to the museum, as
they came with far more knowledge and awareness than their students.

Implications

Activities conducted in museums for middle school students seem to be effective
in enhancing their conceptual development and learning. These activities can be more
expansive by including different student groups, such as high school and university
students, to improve their knowledge of the classification of living and non-living things
and different branches of science such as taxonomy and gain experience by making
observations. Aside from museums, university laboratories, campuses, and workshops
that can increase students’ interaction with scientists can be used to conduct such
activities.

Museums globally serve all the people, but they also carry the special
characteristics of the country, region, or district that they are set in because of the things
they exhibit. Student observations and experiences in NHM in different regions and
districts can be examined in this respect. It motivated the students to participate in
instructional activities and discover different objects and people outside school.
Education in a museum is not very difficult in terms of access to space and resources.
However, the problem is the lack of qualified instructors and teachers. Different experts
from universities helped conduct activities as instructors in this study. Most museums in
Turkey do not have special education programs and instructors. Museums with special
education programs in other countries in Europe are also limited in number. In this
respect, we suggest that museums offer an effective learning environment for students
and other people.
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ABSTRACT: In this research, the direct effect of school climate on teacher job satisfaction and the indirect effect of
school climate on job satisfaction through self-efficacy were investigated. International Teaching and Learning
Survey-2018 data collected by the Organization for Economic Co-operation and Development from Turkish teachers
were used in the study. The research data were obtained from the responses of the participants to the Teacher Self-
Efficacy, Job Satisfaction and School Climate scales in the International Teaching and Learning Research Teacher
Questionnaire. Although a total of 15498 teachers working in primary school, lower secondary school and upper
secondary school participated in the research, participants with missing data were excluded from the analysis. Within
the scope of the research, data obtained from 12111 teachers were used. Following the testing of the constructed
model with the structural equation model, the following results were obtained: Teachers’ self-efficacy directly affects
job satisfaction. The perceived disciplinary dimension of the school climate directly and negatively affects job
satisfaction. The other two dimensions of the school climate, teacher-student relations and the dimensions of
participation among stakeholders, affect job satisfaction directly and positively. All dimensions of the school climate
indirectly affect job satisfaction through self-efficacy.

Keywords: School climate, self-efficacy, job satisfaction, TALIS 2018.

OZ: Bu calismada, algilanan okul ikliminin 6gretmen is doyumunu nasil etkiledigi ve 6z yeterliligin okul ikliminin is
doyumu iizerindeki etkisinde nasil aracilik ettigi arastirilmistir. Arastirmada Ekonomik Is birligi ve Kalkinma Orgiitii
tarafindan Tiirk Ogretmenlerinden toplanan 2018 Uluslararasi Ogretme ve Ogrenme Arastirmasi verileri
kullanilmustir. Arastirma verileri Uluslararas: Ogretme ve Ogrenme Arastirmasi Ogretmen Anketi’nde yer alan
Ogretmen Oz-yeterlik, Is Doyumu ve Okul Iklimi 6lgeklerine katilimcilarin verdikleri yanitlardan elde edilmistir.
Aragtirmaya ilkokul, ortaokul ve lisede gbrev yapmakta olan toplamda 15498 6gretmen katilmasina ragmen eksik
veri igeren katilimcilar analiz dist birakilmistir. Arastirma kapsaminda 12111 6gretmenden elde edilen veriler
kullanilmigtir. Kurgulanan modelin yapisal esitlik modeli ile test edilmesinin ardindan su sonuglara ulagilmustir:
Ogretmenlerin 6z yeterlilikleri is doyumunu dogrudan etkilemektedir. Okul ikliminin disiplin boyutu is doyumunu
dogrudan ve olumsuz etkilemektedir. Okul ikliminin diger iki boyutu olan 6gretmen &grenci iliskileri ve paydaslar
arasinda katilim boyutlar1 i doyumunu dogrudan ve pozitif yonde etkilemektedir. Okul ikliminin biitiin boyutlar1 6z
yeterlilik tizerinden is doyumunu dolayl olarak etkilemektedir.
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With the discussions of the 4th Industrial Revolution, concepts related to high
technology such as the internet of things, artificial intelligence and autonomous systems
started to take place on our agenda. The idea that these systems will replace the people
in many jobs is a source of fear for some, whereas it is a future they are eagerly waiting
for others. The debates also brought about many future predictions on education
systems, schools, and the teaching profession. In some of these predictions, it has been
claimed that schools will not exist and that teachers will be replaced by various software
(Shahroom & Hussin, 2018; Tanri6gen, 2018). The future world will perhaps justify
these views, or it will be proven wrong; perhaps, there will be other consequences that
no one has ever predicted. However, it can be suggested that there is no such formation
to replace schools and teachers in today’s conditions. What happened during COVID-19
pandemic period showed us this once again. The closure of schools around the world
due to COVID-19 demonstrated how difficult it is to supply educational necessities of
communities without schools and teachers.

Figure 1
Time-Series of School Closure Status from March 2020 to February 2021

NUMBER OF COUNTRIES

B rully closed Partially closad B Fulyopen [ Academic break

Reference: UNESCO Global monitoring of school closures caused by COVID-
19 (http://covid19.uis.unesco.org/global-monitoring-school-closures-covid19/)

After the rapid closure observed in the first months of COVID-19, the priority of
many countries to keep schools open once again brought up the importance of schools
in education systems. When Figure 1 is examined, it is seen that the full closures, which
were intensely experienced at the beginning of the pandemic, are gradually decreasing
and countries are heading towards full opening (United Nations Educational, Scientific
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and Cultural Organization [UNESCO], 2021a). According to UNESCO data, schools
are fully open in 116 countries as of May 31, 2021 (UNESCO, 2021b). Considering that
there was an economic recession in the world according to International Monetary Fund
data in the same period, it can be said that keeping schools open is more important than
maintaining economic activities for some countries (International Monetary Fund
[IMF], 2021). In summary, it can be said that schools providing mass education and
teachers who provide this education are at an indispensable point in meeting the
educational needs of today’s societies.

Today the outputs come to the fore when it comes to the effectiveness of
education systems. In other words, students’ learning is concentrated on. For example,
Turkey’s results obtained from the Programme for International Student Assessment
(PISA) test held by Organization for Economic Co-operation and Development (OECD)
are issues discussed by many people. However, as professionals of the education
system, teachers’ perceptions of the general education system and their professions can
be useful for improving effectiveness of education because the improvement of
educational outcomes depends on the teacher factor, which is one of the basic inputs of
education. In this context, how teachers perceive the education system and the school
can be extremely useful in terms of self-evaluation of themselves, determining
problems, developing solutions, and improving human resources.

While OECD focuses on the student dimension of education systems with PISA
exam, Teaching and Learning International Survey (TALIS) focuses on school
administrators and teachers. TALIS aims to examine the effects of educational policies
implemented by governments in schools in terms of teachers and school principals. In
the TALIS research, which was implemented for the third time in 2018 by the OECD
participated by 48 countries and economies, the participants were asked various
questions about teachers’ professional experience and qualifications, professional
development, teaching practices, job satisfaction, perceptions of cultural diversity,
school climate, and their own competence levels. Although OECD shares its reports
containing country-based and inter-country comparisons with the international
community, these reports do not include in-depth analysis. The organization shares the
data it obtains and makes it available to researchers who ask for access. TALIS
(performed by the OECD in 2018) data was used in this article. The data used in the
study are obtained from teachers in Turkey. The research focuses on the variables of
school climate, self-efficacy and job satisfaction. In this context, our problem is whether
self-efficacy has a mediating role in the effect of school climate on job satisfaction.

Theoretical Framework

School Climate

Although the first researches on school climate started in the 1950s (Cohen et
al., 2009), it cannot be said that the concept has an agreed definition yet (Malinen &
Savolainen, 2016). According to many researchers, the school climate occurs of
common values, faiths and opinions. These common values, faiths, and opinions shape
school stakeholders’ interactions and determine the characteristics of behavior and
norms (Emmons et al., 1996; Esposito, 1999; Mitchell et al., 2010). There are also those
who try to explain the school climate in more abstract terms. The school climate is the
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core and spirit that shapes the mood of stakeholders. This mood may cause students,
teachers and administrators to be willing or unwilling to come to school (Freiberg &
Stein, 1999).

The school climate shapes the interactions of all school stakeholders, namely
students, teachers, administrators, other staff of the school and parents. This shaping
creates the school’s goals, norms and values. The school realizes its educational and
social functions through these created goals, values and norms. The fact that the school
has social functions, as well as educational functions, reveals that the school is not just
an educational institution. According to Cohen et al. (2009), a school is a place where
students experience meaningful social relationships and being able to act independently.
With this aspect, school is not only a place where students develop cognitively but also
an environment where they develop emotionally and behaviorally. Although there are
many definitions of school climate, we chose a teacher-centered definition. Johnson et
al. (2007) define the school climate in teacher-oriented perspective. School climate is a
psychosocial environment where teachers instruct and teach. The school climate is
analyzed from this perspective in the study.

Researches appear that school climate is related to many variables associated to
education. While positive perceptions about school climate reduce the stress, wear and
burnout of teachers; It positively affects teachers’ perceptions of self-efficacy, job
satisfaction and their relations with students (Collie et al., 2012; Lee & Louis, 2019; Lee
et al., 1991; Van Beurden et al., 2017). The positive school climate also increases
teachers’ possibility of remaining in the profession (Ingersoll, 2001). The school climate
is not only effective on teacher outcomes. While positive school climate perception
increases students’ academic achievement and learning will, it also decreases aggression
and the possibility of taking a break from school (Cohen et al., 2009; Thapa et al.,
2013).

Self-Efficacy

According to Bandura (1997), although individuals have control over their
behavior, behavior and consciousness are affected by environmental factors. According
to him, the perception of self-efficacy created by consciousness shapes the goals and
actions of the person on the one hand and is also affected by environmental conditions.
Self-efficacy expresses the belief in designing the actions that lead to the goal with one
aspect and realizing them in the other. These beliefs about self-efficacy are not static
personality traits, and they can be learned. These beliefs can change according to how
the person perceives their environment (Bandura, 1997).

When self-efficacy is evaluated from the teacher’s perspective, it can be defined
as the teacher’s belief to be effective on student outcomes (Tschannen-Moran et al.,
1998). According to Dellinger et al. (2008), self-efficacy is the teachers’ personal faiths
that he/she can perform the defined teaching missions under certain environmental
conditions. Teachers’ perception of self-efficacy cannot be considered only as teachers’
personal beliefs about themselves. Teachers’ self-efficacy faiths can affect children’s
behavior, learning and self-efficacy. Having a powerful sensation of self-efficacy,
teacher can increase student participation by making teaching activities more
meaningful for everyone. According to Gibson and Dembo (1984), teachers with strong
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self-efficacy have confidence that they can influence and teach even the most
problematic students.

Studies reveal that teachers’ self-efficacy is effective on students’ output. Hattie
(2003) observed that teacher self-efficacy affects students’ learning more than teacher
effectiveness. Many researches have revealed that teacher self-efficacy positively
affects students’ cognitive achievement (Muijs & Rejnolds, 2001; Ross, 1998).
Teachers who have strong self efficacy may be more innovative and careful about
students’ autonomy (Cousins & Walker, 1995). These teachers are willing to get more
liability for children who need special education (Allinder, 1994). Teachers with strong
self-efficacy perform better in classroom management (Chacon, 2005) and motivate
students to learn (Podell & Soodak, 1993). While students’ performance can be affected
by teachers’ self-efficacy, student performance can also affect teachers’ perception of
self-efficacy. Raudenbush et al. (1992) found that teachers have strong self-efficacy
perception in schools where there are successful students.

Teacher self-efficacy is associated with many organizational variables—a
negative correlation between teachers’ self-efficacy with stress and burnout found by
Betoret (2009). Caprara et al. (2003, 2006) showed that self-efficacy is positively
associated with job satisfaction. There is a correlation between school climate and self-
efficacy. Teachers’ self-efficacy perceptions can rise when school climate is positive
(Ciani et al., 2008). Additionally, high teacher self-efficacy decreases tendency of leave
the profession (Soodak & Podell, 1993).

Self-efficacy perception is not a feature that becomes stable once it is acquired.
Environmental conditions can affect self-efficacy perception (Bandura, 2012).
Teachers’ perception of self-efficacy is relative and may change according to
environmental conditions (Gibson & Dembo, 1984). Hoy and Woolfolk (1993) also
support the view that self-efficacy perception is relative and argue that it will be
affected by the school climate. Findings from previous studies also reveal that self-
efficacy perception is not a fixed variable. While the perception of self-efficacy is
affected by other variables, on the one hand, it may affect different variables on the
other hand. For this respect, we assume that teacher self-efficacy can be affected by
school climate and can influence job satisfaction. With another expression, self-efficacy
can play a mediator role in relation to school climate with job satisfaction.

Job Satisfaction

Job satisfaction is a sum of people’s positive or negative feelings concerning
their professions (Locke, 1976). On the other hand, teacher job satisfaction can be
defined as the sense of satisfaction that people have with the teaching profession
(Ainley & Carstens, 2018). According to Skaalvik and Skaalvik (2015), teacher job
satisfaction is the sum of positive and negative evaluations of teachers about their
profession.

Researches show that teacher job satisfaction is correlated with many
organizational and educational variables. While the increase in teacher job satisfaction
increases performance (Judge et al., 2001), perception of self-efficacy (Caprara et al.,
2003) and commitment (Reyes & Shin, 1995); It has been detected to reduce burnout
(Skaalvik & Skaalvik, 2010) and stress (Klassen et al., 2010). In addition, it has been
found that job satisfaction is positively interrelated with enthusiasm (Chen, 2007),
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teacher-student relations (Dinham, 1995), and relationships with parents (Skaalvik &
Skaalvik, 2011). Some researchers argue that job satisfaction is a strong indicator of
teachers’ tendency to stay or quit the profession (McConnell, 2017; Schaufeli &
Salanova, 2007).

Job satisfaction means the level of contentment teachers achieve from their
profession after evaluating positive or negative professional experiences as a whole.
With this aspect, job satisfaction can be evaluated as a result affected by different
variables. It has been observed in other studies that the variables of school climate and
self-efficacy considered in the research are effective on job satisfaction. Having positive
views on school climate positively affects teachers’ job satisfaction perceptions (Collie
et al.,, 2012; Lee et al.,, 1991; Veldman et al., 2013). Similarly, researchers have
manifested a positive relationship between self-efficacy and job satisfaction (Caprara et
al., 2003, 2006; Skaalvik & Skaalvik, 2009, 2014). The former research results have led
us to think that school climate and self-efficacy may affect teachers’ job satisfaction.

Method
This research, which aims to determine relationships between school climate,
self-efficacy, and job satisfaction, is correlational. The study utilized structural equation
modeling (SEM) analysis to examine school climate’s direct effect on job satisfaction
and indirect effect through self-efficacy. School climate is independent, self-efficacy is
mediating, and job satisfaction is dependent variable in the constructional model.

Figure 2
Model of the Research

Disciplinary
climate

Self-efficacy

Teaacher-
student
relations

Job
satisfaction

Participation
ameong
stakeholders
teachers

According to Figure 2, the effects of “teachers’ perceived disciplinary, Teacher-
student relations and participation among stakeholders”, which are the subscales of the
school climate, are independent variables. The reason why the subscales of the school
climate are evaluated separately is that the scale is not able to get the total score and the
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discipline subscale is aimed to measure a negative aspect of the school climate since it
contains negative expressions.

Participants and Procedures

In the research, we used the TALIS (2018) data concluded by the OECD. The
OECD shares this data on its official website
(https://www.oecd.org/education/talis/talis-2018-data.htm). TALIS 2018 consists of the
data collected from school principals and teachers from 48 countries, including Turkey.
School levels in TALIS are named according to UNESCO classification. According to
the UNESCO classification, the International Standard Classification of Education is
expressed by the abbreviation ISCED. In TALIS, ISCED Level 1 refers to primary
schools, ISCED Level 2 refers to secondary schools, and ISCED Level 3 refers to upper
secondary schools. The participants from Turkey consisted of 171 school principals and
3204 teachers from 172 primary schools (ISCED Level 1); 196 school principals and
3952 teachers from 196 secondary schools (ISCED Level 2); and 448 principals and
8342 teachers from 457 upper secondary schools (ISCED Level 3) (OECD, 2019;
UNESCO-UIS, 2012).

Only the data collected from teachers were used in this study. Since the data
obtained from the OECD database are raw data, some adjustments have been made. For
this purpose, the data of the participants containing missing data were excluded from the
analysis. Within the scope of the research, we used the data obtained from a total of
12111 teachers, including 2461 from primary schools (20.3%), 3056 from secondary
schools (25.2%), and 6594 from upper secondary schools (54.4%). 53% (6416) of those
participating in the study are women and 47% (5695) of them are men.

Data Collection Tools

The data used in the research were obtained from three different measurement
tools. The “School Climate Scale”, the first of these scales, consists of three subscales
and 13 items (See Appendix 1). Scale items are four-point Likert type, and response
options are “strongly disagree”, “disagree”, “agree” and ‘“strongly agree” (OECD,
2019). After reliability analysis, we found .84 Cronbach alpha value for teachers’
perceived disciplinary dimension, .86 for teacher-student relations and .92 for
participation among stakeholders dimension.

Another measurement tool used in the research is the “Teacher Self-Efficacy
Scale”. The assessment tool consists of three subscales and 12 dimensions (See
Appendix 2). The scale is in the four-point Likert type and the response options are
“none”, “to some degree”, “a little” and “a lot” (OECD, 2019). After reliability re-made
reliability analysis of the scale, Cronbach alpha value was found as .84 for self-efficacy
in classroom management, .81 for self-efficacy in instruction, .84 for self-efficacy in
student engagement, and .91 for the overall scale.

The last scale used in the research is Job Satisfaction Scale. The measurement
tool consists of three dimensions and 13 items (See Appendix 3). The scale items are
four-point Likert type ranging from “strongly disagree” to “strongly agree” (OECD,
2019). As a result of the re-made reliability analysis of the scale, the Cronbach alpha
value was found as .79 for job satisfaction in the work environment, .79 for job
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satisfaction with the profession, .86 for satisfaction with target class autonomy, and .82
for the overall scale.

Table 1
Reliability Coefficients of Measurement Tools Calculated by OECD

Variable ISCED ISCED ISCED
Level 1 Level 2 level 3

— o  Teachers’ perceived disciplinary .89 .90 .90
O -
% E Teacher-student relations 91 .88 .88
9 O Participation among stakeholders, teachers 91 .90 .90
. Self-efficacy in classroom management .86 .88 .86
Q
8 Self-efficacy in instruction .85 .82 .82
:CE Self-efficacy in student engagement .82 81 .79
T
«» Total self-efficacy 93 93 92
s Job satisfaction with work environment .85 .86 .85
E Job satisfaction with profession .84 .86 .85
2
§ Satisfaction with target class autonomy .89 .90 .88
o
3 Total job satisfaction .89 .89 .89

Data Analysis

Two analyses were made in the study. The first one is about testing the
reliability of measurement instruments in terms of the data obtained from the Turkey
sample. SPSS Statistics 17.0 program was used at this stage. In the second analysis,
structural equation modelling (SEM), the AMOS 16 package program was used.
Whether the data is distributed normally is a basic criterion in the confirmatory factor
analysis (Bayram, 2016). Within the scope of the structural equation model analysis, a
theory-based model has been constructed to test the relationship between variables.
There are different opinions about which fit indices to use. According to Kline (2011), it
is sufficient to report chi-square, RMSEA, CFl and SRMR. Jackson et al. (2009) stated
that the most frequently reported fit indices in SEM studies were chi-square and degrees
of freedom, CFI, RMSEA, and TLI. However, Brown (2014) states that using the chi-
square statistic to evaluate the goodness of fit in studies with a large sample size can be
misleading because this value is very sensitive to the sample size. In our research, the
chi-square statistic was not employed to evaluate goodness of fit since it was a large
sample group consisting of 12111 participants. So, we decided to report RMSEA, CFlI,
TLI and SRMR fit indices. While values of .08 for RMSEA and .06 and below for
SRMR are accepted; values of .90 and above were accepted for other goodness of fit
criteria (Hu & Bentler, 1999; Karagoz, 2016).

In order to use multivariate statistical techniques, it is necessary to provide the
assumption of multivariate normality. Multivariate normality means that the
observations in the sample are normally distributed for all combinations of variables.
Also, for multivariate normality, each variable must meet the univariate normality
assumption. However, meeting the univariate normality assumption does not guarantee
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that the multivariate normality assumption will be met (Cokluk et al., 2012; Mertler &
Vannatta, 2005, cited in Akar, 2017). Skewness and kurtosis coefficients were used to
examine univariate normality. The skewness and kurtosis coefficients of the
measurement instruments vary between .065 and 1.605. The fact that the values
obtained are within the acceptable limits in the literature indicates that the data are
normally distributed (George & Mallery, 2010; Karagdz, 2016). To examine
multivariate normality, Mardia’s multivariate normality coefficient and critical ratio
(c.r.) values were examined. It can be said that multiple normality is not achieved when
the critical ratio value is greater than 5 (Yuan et al., 2005) and the Mardia coefficient is
greater than 1.96 (Bayram, 2016). In the study, the Mardia coefficient was found to be
370,364 and the critical ratio value was 369,617. Since the data do not support the
multiple normality assumption, a Bootstrap analysis was performed where the normal
distribution was not required (Bayram, 2016).

Multicollinearity is another assumption of structural equation modeling. The
results of the correlation analysis performed to understand whether there is
multicollinearity between the variables are given in Table 2.

Table 2
Correlation Values between Variables

Teachers”  Teacher- Participation
. Job Self- .
Variables . . . perceived student among
Satisfaction efficacy . . . .
disciplinary relations  stakeholder

Job Satisfaction 1

Self-efficacy 342** 1

Teachers’ perceived disciplinary -.356** -.273** 1

Teacher-student relations 417 .314** -.230** 1

Participation among stakeholder A407** 220** -.169** B537** 1

**Correlation is significant at the .01 level (2-tailed).

When Table 2 is examined, the fact that the values of the correlation between the
variables are below .80 can be interpreted as the absence of a multicollinearity problem
(Biiytikoztirk, 2006). After the normality and multicollinearity analyses, the
measurement model, which is a confirmatory factor analysis (Bollen, 1989, cited in
Akar, 2017) for the structural model, was tested. The fit index values obtained for the
measurement model (CFI1=.918, TLI=.912, RMSEA=.052, SRMR=.058) show that the
model was confirmed.

Limitations

We used the data obtained from teachers in the research and excluded the school
principals from the scope of the research. Further studies that may include analyses
including school principals may allow comparisons and an overall generalization.
Although TALIS 2018 data were collected from 48 countries and economies, the results
were obtained from the Turkey sampling. If the scope of research can be adjusted
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comprehensively enough to cover more countries, it may be useful in revealing the
similarities and differences between cultures.

Ethical Procedures
Ethical board approval is not required as OECD data are used in this study.

Results

SEM tests whether the available data support a structure that is thought to exist.
In this respect, in SEM, the model should be designed first and then the model should
be tested whether it is verified with data. The path coefficients regarding the
significance of the relationships in the model designed to test the direct effects of school
climate on job satisfaction and its indirect effects through self-efficacy are given in
Table 3.

Table 3

Model Path Coefficients
Relationships Between Variables B B S.E.  CR.() p
Self-efficacy <--- Teachers’ perceived disciplinary -134 -221 .006 -21.72 @ ***
Job Satisfaction<--- Teachers’ perceived disciplinary -180 -.273 .007 -24.23 ***
Self-efficacy <--- Teacher-student relations 272 275 013 21.350  ***
Job Satisfaction<--- Teacher-student relations 232 217 015 15.785  ***
Self-efficacy  <--- Participation among stakeholders .038 056 .008 4.708  ***
Job Satisfaction<--- Participation among stakeholder 337 465  .010 33.692 ***
Job Satisfaction<--- Self-efficacy 142 131 013 11.241  ***

The path coefficients are expected to be significant in order for the model whose
accuracy is tested in SEM to be valid. C.R. (t) value is checked for the significance of
the path coefficients. If this value exceeds 1.96, it points out a level of significance at
0.05, and if it exceeds 2.56, it means there is a level of significance at 0.01 (Cokluk et
al., 2014; Tabachnick & Fidel, 2001). Looking at Table 2, it is seen that all path
coefficients in the model are significant. The second stage followed in the analysis of
the model is related to the values of fit index. For the model to be acceptable, fit index
values must be within the acceptance range (Byrne, 2010; Kline, 2011). Fit index values
of the model were calculated as CFI=.918, TLI=.912, RMSEA=.052, SRMR=.058.
These values are sufficient for the model to be acceptable (Hu & Bentler, 1999;
Karagdz, 2016). It can be suggested that the model constructed with the path
coefficients and fit index values obtained from SEM result is confirmed with the data
obtained from the sample group. The model verified with fit index values is given in
Figure 3.
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Figure 3

Mediating Effect of Self-Efficacy in the Relationship between School Climate
and Job Satisfaction

Perceived
Disciplinary

Teacher-
Student
Relations

Job
Satisfaction

Participation

Figure 3 illustrates that all dimensions of school climate directly affect job
satisfaction. The indirect effects of school climate on job satisfaction through self-
efficacy were calculated using the bootstrapping method. Teachers’ perceived
disciplinary dimension of the school climate has an indirect effect on job satisfaction.
The standardized coefficient for indirect effect was calculated as 0.010 (indirect effect [-
0.034, -0.023] for 95% confidence interval). Teacher-student relationships also have an
indirect effect on job satisfaction. The standardized coefficient for indirect effect was
calculated as 0.010 (indirect effect [0.029, 0.043] for 95% confidence interval). The
dimension of participation among stakeholders was found to affect job satisfaction
indirectly. The standardized coefficient for indirect effect was calculated as 0.010
(indirect effect [0.005 -0.011] for 95% confidence interval). The dimensions of the
school climate and the perception of self-efficacy account for 61% of the variance in
teacher job satisfaction. The dimensions of school climate also account for 18% of the
variance in self-efficacy perception. Standardized effects showing direct and indirect
effects in the model are given in Table 4.

Table 4

Standardized Effects of the Mediating Model
Relationships Between Variables Direct effect  Indirect effect ~ Total effect
Self-efficacy <--- Teachers’ perceived disciplinary -.221 --- -.221
Job Satisfaction<--- Teachers’ perceived disciplinary -.273 -.029 -.302
Self-efficacy <--- Teacher-student relations 275 275
Job Satisfaction<--- Teacher-student relations 217 .036 .254
Self-efficacy  <--- Participation among stakeholders .056 .056
Job Satisfaction<--- Participation among stakeholder 465 .007 472
Job Satisfaction<--- Self-efficacy 131 131
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Given the standardized path coefficients in Table 4, it is seen that the dimensions
of teachers’ perceived disciplinary, teacher-student relations and participation among
stakeholders belonging to the school climate variable have direct and indirect effects on
job satisfaction. Regarding the direct effects, a one-unit increase in the perception of
discipline causes a -.221 decrease in the perception of self-efficacy and a -.273 unit
decrease in the perception of job satisfaction. One-unit increase in the perception of
teacher-student relationships increases the perception of self-efficacy at .275 level and
job satisfaction at .217 level. One unit increase in the perception of participation can
create a change of .056 units in the perception of self-efficacy, while it can create a
change of .465 units in the perception of job satisfaction. One-unit increase in self-
efficacy causes an increase of .131 units on job satisfaction. When the indirect effects
are examined, the effect of the perception of discipline on job satisfaction through self-
efficacy was calculated as -.029, while the total effect was calculated as -.302. While the
indirect effect of teacher-student relationships on job satisfaction through self-efficacy
was .036, the total effect was found to be .254. Finally, while the indirect effect of
participation among stakeholders on job satisfaction through self-efficacy was
calculated as .007, the total effect was calculated as .472.

Discussion and Conclusion

According to the results revealed self-efficacy directly affects the job
satisfaction. While the perceived disciplinary dimension of the school climate directly
and negatively affects job satisfaction, the dimensions of teacher-student relations and
participation among stakeholders of the school climate directly and positively affect job
satisfaction. Finally, all dimensions of school climate also indirectly affect job
satisfaction through self-efficacy.

The result that the perception of self-efficacy has a direct and positive effect on
job satisfaction, found in this research, is parallel to the results of the study conducted
by Zakariya (2020). Zakariya (2020) used TALIS 2018 data of the Norwegian middle
school teachers in his research and found that self-efficacy directly affects job
satisfaction. Likewise, Katsantonis (2020) concluded that self-efficacy has a direct
effect on job satisfaction due to the research using TALIS 2018 data obtained from
primary school teachers from 15 countries, including Turkey. Malinen and Savolainen
(2016) also detected that teachers’ self-efficacy directly affects job satisfaction. In her
meta-analysis of 35 studies, Kalkan (2020) concluded that the general effect size of the
relationship between teachers’ self-efficacy beliefs and job satisfaction levels is positive
and moderate. When the literature is examined, it is possible to reach the results of
many domestic and foreign pieces of research on the effect of self-efficacy on job
satisfaction (Aldridge & Fraser, 2016; Caprara et al., 2003, 2006; Edinger & Edinger,
2018; Koksal, 2019; Ruma et al., 2010; Seyhan, 2015; Skaalvik & Skaalvik, 2014;
Telef, 2011; Turcan, 2011; You et al., 2017)

The conclusion that the perceived disciplinary dimension of the school climate
has a direct and negative effect on job satisfaction is similar to the studies of Zakariya
(2020) and Katsantonis (2020). The negative impact of the perception of discipline
should be evaluated considering that the items that make up this dimension of the
measuring tool contain negative statements. In schools and classrooms where the
implementation of the rules is problematic, teachers’ job satisfaction is negatively
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affected by the increased effort and time they spend to provide discipline. It is also
possible to see similar results in OECD’s 2013 TALIS research. It has been reported
that countries and economies where students with behavioral problems have a higher
percentage have lower job satisfaction among teachers (OECD, 2014).

The teacher-student relations dimension and participation among stakeholders
dimension of the school climate also have a direct effect on job satisfaction. This effect
is not negative as found in the perceived disciplinary dimension but positive. The result
that school climate has an effect on job satisfaction supports the study of Polat (2018),
in which she found significant positive relationships between job satisfaction level and
organizational climate. The result obtained also shows parallelism with Mert and
Ozdemir’s (2019) study, which found a moderately positive relationship between
teachers’ job satisfaction and psychological climate. It is also possible to come across
other research results suggesting that school climate directly affects job satisfaction
(Aldridge & Fraser, 2016; Katsantonis, 2020; Malinen & Savolainen, 2016; Zakariya,
2020). Studies in which sample groups are from different countries show that positive
perceptions of school climate and student behavior positively affect teacher job
satisfaction. OECD’s (2014) 2013 TALIS study reveals that the indicators of school
climate predict job satisfaction

The perceived disciplinary dimension of the school climate negatively affects
job satisfaction through self-efficacy. There are studies supporting this result.
Raudenbush et al. (1992) point to a reciprocal effect between the perceived self-efficacy
of the teacher and the student’s achievement. Teachers’ perceptions of self-efficacy are
also high in schools with successful and good-natured students. For this reason, the high
number of students with behavioral problems may negatively affect teachers’ self-
efficacy perceptions and job satisfaction. In the studies of Zakariya (2020) and
Katsantonis (2020), the perceived disciplinary dimension indirectly affects job
satisfaction through self-efficacy.

The dimensions of teacher-student relations and participation among
stakeholders of the school climate positively affect job satisfaction through self-
efficacy. The finding obtained supports Veldman et al. (2013). Veldman et al. (2013)
found that the quality of teacher-student relationship affects teacher job satisfaction. It is
also possible to come across other studies on the indirect effect of school climate
(Aldridge & Fraser, 2016; Katsantonis, 2020; Malinen & Savolainen, 2016; Zakariya,
2020).

According to Bandura (2012), the perception of self-efficacy is affected by the
environmental conditions the person is in. Similarly, Gibson and Dembo (1984) pointed
out that teacher competence is relative and may not be generalized from one situation to
another. With a similar point of view, Hoy and Woolfolk (1993) argued that teachers’
sense of competence would be affected by the school climate. In other words,
perception of self-efficacy is not a fixed variable; while it is affected by other variables
in one aspect, it can affect other variables in the other. For teachers, school climate can
create conditions that affect their self-efficacy beliefs, which may affect teacher job
satisfaction. The fact that the school climate indirectly affects job satisfaction through
self-efficacy, which is a finding obtained from the current study, supports this view.
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The results obtained from this research provide information about the
relationships of school climate, self-efficacy and job satisfaction. The dimensions of the
school climate have a direct effect on teachers’ job satisfaction. In addition to this direct
effect, the dimensions of school climate indirectly affect job satisfaction through teacher
self-efficacy. Understanding this relationship is highly important in terms of
determining effective teachers and sustainability of effectiveness. Some researchers
found that teachers’ internal evaluations of their work were a strong indicator of staying
in the teaching profession and predicted teachers’ intention to leave their professions
(McConnell, 2017; Schaufeli & Salanova, 2007). Although leaving the job does not
seem like an option in Turkey, where finding a job in general and being employed as a
teacher, in particular, is a serious problem, it can be suggested that teachers’ internal
evaluations of their work will have serious effects on their performance. In order to
increase teachers’ internal evaluations positively, steps should be taken to strengthen the
perceptions of participation among stakeholders and teacher-student relations, which
directly and indirectly affect job satisfaction in a positive way. For this purpose,
teachers and other school stakeholders’ participation in decision-making process can be
increased. For teachers to get to know their students better and strengthen their
interaction, class sizes and course load can be reduced and consultancy activities can be
increased. The current study found that negative student behaviors negatively affect
self-efficacy and job satisfaction. Improving teachers’ self-efficacy perceptions about
their capacity to influence and change unwanted student behavior can counteract this
negative effect. It may be beneficial to support teachers with in-service training
activities and increase their competencies, especially in schools where many students
have behavioral problems.
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Appendixes

Appendix 1

T3DISC: Teachers’ perceived disciplinary climate

TT3G41: How strongly do you agree or disagree with the following statements about this <target dass=?
Response options: “Strongly disagree” (1), “Disagree” (2), “Agree” (3), “Strongly agree” (4).

TTIGAA When the lezzon beging, | have to wait quite a long time for students to quisten down
TT3G41B* Students in this class take care to create a pleasant leamning atmeosphers

Tr3c41C | lose quite a lot of ime because of students interrupting the lesson

TT3c41D There is much disruptive noise in this classroom

T3STUD: Teacherstudent relations

TT3G49: How strongly do you agree or disagree with the following statements about what happens in this schoal?
Response options: “Strongly disagree” (1), “Disagree” (2), “Agree” (3}, “Strongly agree” (4).

TT3G494 Teachers and students usually get on well with each other.
TTIG49B Most teachers believe that the students” well-being i important.
TT3G49C Most teachers are interested in what students have to zay.
TT3G490 If a student needs extra assistance, the school provides it.

T3ISTAKE: Participation among stakeholders, teachers

TT3G48: How strongly do you agree or disagree with these statements, as applied to this school?
Fesponse options: “Strongly disagree” (1), ‘Disagree” (2), “Agree” (3), “Strongly agree” (4).

TT3G484 This school provides =taff with opportunities to actively participate in school decisions.

TT3G488 Thiz school provides parents or guardians with opportunities to actively participate in schoal decisions.
TTIG48C This school provides students with opportunities to actively paricipate in school decisions.

TT3G480 This school has a culture of shared responsikility for schoal issues.

TT3G48E There is a collaborative school culture which is charactensed by mutual support.

* [tem was reverse coded.

Appendix 2

TISELF: Teacher self-efficacy, composite

T3ISECLS: Self-efficacy in classroom management (subscale)

TT3GE34: In your tzaching, to what extent can you do the following?
Response options: “Mot at all” (1), “To some extent” (2), “Cuite a bit” (3), “A lot” (4).

TT2G340 Control disruptive behaviour in the classroom
TT2G3MF Make my expectations about student behaviour clear
TT2G34H (et students to follow classroom rules

Tr2634 Calm a student who is disruptive or noisy

T3I5SEINS: Self-efficacy in instruction (subscale)

TT3G3: In your teaching, to what extent can you do the following?
Response options: “Mot at all” (1), To some extent” (2}, “Cuite a kif” (3), °A lot” (4).

TT26MC Craft good questions for students

TT2634. Use a variety of assessment strategies

TT2G3MK Provide an alternative explanation, for example when students are confused
TT2G34L Vary instructional strategies in my classroom

TISEENG: Self-efficacy in student engagement [subscale)

TT3G3: In your teaching, to what extent can you do the following?
Response options: “Mot at all” (1), “To some extent” (2), “Cuite a bit” (3), °A lot” (4).

TT2G34A (Get students to believe they can do well in school work
TT2G34B Help students value leaming
TT2G34E Mativate students who show low interest in schoal work
TT2G6M6 Help students think critically
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Appendix 3

T3JOBSA: Job satisfaction, composite

T3JSEMNV: Job satisfaction with work environment (subscale)

TT3G53: We would like to know how you generally feel about your job. How strongly do you agree or disagree with the
following statements?

Response options: “Strongly disagree” (1), “Disagree” (2), “Agree” (3), “Strongly agree” (4).

TT3G3C" | would like to change to another school If that were possible
TT3G53E | enjoy working at this school

TTIGE3G | would recommend this school as a good place to work
TT3G53) Allin all, | am satisfied with my job

T3JSPRO: Job satisfaction with profession (subscale)

TT3G53: We would like to know how you generally feel about your job. How strongly do you agree or disagree with the
following statements?

Response options: “Strongly disagree” (1), “Disagree” (2), “Agree” (3), “Strongly agree” (4).

TT3G53A The advantages of being a teacher clearly outweigh the disadvantages
TT3G53B If | could decide again, | would still choose to work as a teacher.
TT3G53D" | regret that | decided to become a teacher

TTIGEIF* | wonder whether it would have been better to choose another profession

TISATAT: Satisfaction with target class autonomy

TT3G40: How strongly do you agree or disagree that you have conirol over the following areas of your planning and teaching
in this <target class>?

Response options: “Strongly disagree” (1), “Disagree” (2), “Agree” (3), “Strongly agree” (4).

TTIG40A Determining course content

TT3G40B Selecting teaching methods

TT3G40C Assessing students’ learning

TT3G40D Disciplining students

TTIG40E Determining the amount of homework to be assigned

* Items were reverse coded.
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ABSTRACT: Algorithmic Thinking (AT) skills may be considered one of the necessary skills for everyone in the
new century. Individuals and societies live in a time when they cannot avoid using information communication
technologies (ICT). Hence, they need to be ICT literate. Teachers shall play an important role both for individuals
and societies to address this need. However, are they ready to play such a role? This paper presents a suggestion for
teacher training to help teachers how to play the role. The paper suggests including an elective course under the title
AT into the computer science teacher training curricula and aims to present the course, progress and views of the
students who took the course. A mixed-method approach was followed for the current study. The study was carried
out with the participation of sixth-semester students of a Computer Education and Instructional Technology
Department of an Education Faculty who may be considered prospective computer science teachers. Twenty-eight
students were enrolled in the elective AT course offered for the period. Within the scope of the study, development of
the course curriculum, instructional process of the course and evaluation of the course, in line with students’ views
and exam scores, are presented. Findings of the research suggest that the students find the Algorithmic Thinking
course helpful for them to acquire some algorithmic thinking skills as well as some other academic and life-related
thinking abilities. Also, the course may be considered as a necessary course particularly for the training process of
computer science teachers. In addition, the students think that the offered course was effective and beneficial.

Keywords: Algorithmic thinking, computational thinking, computer science, course, prospective teacher.

OZ: Algoritmik diisiinme becerileri bu yiizyilda yasayan herkes icin gerekli bir 6zellik olarak diisiiniilebilir.
Giiniimiizde bireyler ve toplumlar bilgi iletisim teknolojilerini (BIT) kullanmak durumunda kaliyorlar. Bu durum
onlarm BIT okuryazari olmalarmi gerektirmektedir. Bu gerekliligin karsilanmasinda 6gretmenlere onemli gorev
distiigli sdylenebilir. Bu c¢alismada, bilisim teknolojileri 6gretmen adaylari igin Algoritmik Diisiinme adiyla sunulan
segmeli bir ders ele almmistir. Calismada karma yontem yaklagimi izlenmistir. Calisma, bir Egitim Fakiiltesi
Bilgisayar ve Ogretim Teknolojileri Egitimi Boliimii altinc1 yartyilinda 6grenim goren bilgisayar bilimleri 6gretmen
adaylar ile gergeklestirilmistir. S6z konusu dénem igin agilan segmeli dersi 28 6grenci almistir. Calisma kapsaminda
ogrencilerin goriligleri ve smav puanlart dogrultusunda dersin 6gretim siireci ve dersin degerlendirilmesine yer
verilmigtir. Bununla beraber ders programinin gelisim siirecine de yer verilmistir. Arastirmanin bulgulari,
Ogrencilerin baz1 algoritmik diisiinme becerilerinin yan1 sira diger akademik ve yasamla ilgili diisiinme becerilerini
kazanmalar1 noktasinda Algoritmik Diisiinme dersini yararli bulduklarini gdstermektedir. Ayrica ders, ozellikle
bilgisayar bilimleri 6gretmenlerinin yetistirilmesi agisindan gerekli bir ders olarak degerlendirilebilir. Ek olarak
ogrencilerin, sunulan dersin etkili ve faydali bir ders oldugu yoniinde goriisler belirttikleri de belirtilebilir.

Anahtar kelimeler: Algoritmik diisiinme, bilgi-islemsel diisiinme, bilgisayar bilimleri, ders, 6gretmen aday1.

Corresponding Author: Assoc. Prof. Dr., Van Yiiziincii Yil University, Van, Turkey, cetin@yyu.edu.tr,
https://orcid.org/0000-0001-6118-9693

Citation Information
Giiler, C. (2021). Algorithmic thinking skills without computers for prospective computer science teachers. Kuramsal
Egitimbilim Dergisi [Journal of Theoretical Educational Science], 14(4), 570-585.

Copyright © 2021 by AKU
ISSN: 1308-1659


http://www.keg.aku.edu.tr/
http://www.keg.aku.edu.tr/
https://orcid.org/0000-0001-6118-9693
mailto:cetin@yyu.edu.tr

Algorithmic Thinking Skills without Computers... 571

Algorithmic Thinking

Learning to code, developing programs and developing computational thinking
(CT) skills are considered as qualifications that today’s individuals should have in order to
cope with the situations they face and may encounter (Kalogiannakis & Papadakis, 2017b).
In the context of information communication technologies (ICT) and education,
particularly in recent years, one of the centers of interest is computational thinking (CT).
CT may mainly be considered to be related to AT and programming (Angeli & Valanides,
2020; Citta et al., 2019; Zhang & Nouri, 2019; Zhao & Shute, 2019). In fact, CT and AT
are concepts that are interchangeable/equivalent and sometimes used instead of each other
(Hromkovic et al., 2017; Pérez-Marin et al., 2020). The use of computational algorithmic
thinking (CAT) concept (Thomas et al., 2017) is also considered the same. On the other
hand, using a proper term that can encompass CT can be tricky for some cultures. For
example, in Turkish, there are many terms that are similar but not the same for the term
CT. Even though AT was presented as a factor under CT, AT can encompass all attributes
of CT. Since some scholars use them interchangeably, AT can be a more familiar and
widely accepted term, and AT will be used to encompass all of these terms for the purpose
of this paper.

The term algorithm is named after al-Khwarizmi (Knuth, 1985). However, AT is an
old form of thinking extending back to Pythagoras and the Jewish Kabbalah (Essl, 2007).
For most people, the word algorithm can suggest something about computer science or
programming. However, AT is not merely a way of thinking associated with computer
science or programming (Hubalovsky & Korinek, 2015; Mayer, 1981). AT can be
considered more of a form of thinking associated with problem-solving (Aho, 2012; Wing,
2006). Futschek (2006) defines AT as a pool of skills that can be used to understand and
develop algorithms. It can be argued that lifelike experiences should be utilized in creating
this skill pool (Hubalovsky & Korinek, 2015). AT can be described as high-level
intellectual actions involving understanding problem situations, finding systematic and
generalizable solutions to solve the problems, checking the accuracy and efficiency of the
solutions and expressing these solutions step by step.

AT and Education

It was claimed that AT would affect every individual in every area of society
(Wing, 2008). In this context, the search for inclusion of AT in educational programs
continues (Dagiene et al., 2017; Grover et al., 2015). In many countries, including the USA
and the UK, there are endeavors to include AT in education curriculums, particularly as an
important part of the K-12 level curriculums (Dagiene et al., 2017; Papadakis &
Kalogiannakis, 2019). When the place and the importance of ICT are considered today,
being an ICT literate society is a necessity (Galezer et al., 1995; Gao et al., 2011).
Teachers can be considered the most important actors in meeting this necessity by being
effective role models (Gao et al., 2011). The first condition that teachers can fulfill this role
is that teachers should be ICT literate themselves (Ayaz et al., 2015). Having AT skills can
be considered as a prerequisite for ICT literacy (Galezer et al., 1995). Therefore, the
teachers who will guide their students to gain AT skills should have AT skills. According
to Cooper et al. (2000), many university students (including students in computer science)
do not have AT skills. Despite the fact that it is twenty years old, Cooper’s claim may
remain valid for some students. When considering that the basic requirement for computer
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programming is AT (Bryant, 2017), it can be claimed that the basic requirement for
acquiring ICT literacy is to acquire AT skills (Aho, 2012; Milkova & Sevcikova, 2017).
Therefore, it is proposed to provide training for the development of AT skills before the
training in the context of algorithms and program development (Ham, 2015; Hubalovsky,
2013).

Including AT teaching into the curricula for all educational levels may be
considered valuable (Kalogiannakis & Papadakis, 2017a, 2017b; Papadakis &
Kalogiannakis, 2019). Most of the arrangements and updates within K-12 curriculums
related to AT are associated with coding and computer program development in various
countries (Dagiene et al., 2017). It is known that teaching programming is a challenging
process (Grover et al., 2015). However, it is more difficult to teach the programming
concept and structure than to teach a programming language in this process (Athanasiou et
al., 2017). Brusilovsky et al. (1997) and Hubalovsky et al. (2010) pointed out that a
traditional approach is often used in teaching programming. In this conventional approach,
problem situations are often used, which require the number and symbols to be processed
through a general-purpose programming language. Even if the execution process of this
approach involves algorithms, the main purpose is to teach a programming language
(Galezer et al., 1995). Consequently, students do not acquire AT skills due to their intense
effort to learn the programming language and inappropriate teaching practices (Grover et
al., 2015; Hubalovsky et al., 2010; Plerou et al., 2017). This approach is not effective
particularly for younger students (Brusilovsky et al., 1997; Dagiene et al., 2017). Hence,
students may find CS confusing and difficult (Papadakis, 2020) and grow some negative
attitudes. Students who are expected to learn programming skills should first have AT
skills (Hubalovsky et al., 2010; Hunter, 1987) to address these difficulties. So, learning
process of a programming language can be realized more effectively. From this point of
view, it can also be argued that individuals with AT skills are more likely to be ICT
literate.

As aforementioned, one of the most important factors for the students to gain AT
skills is teachers. Teachers’ beliefs, perceptions and attitudes related to AT influence both
their practices and teaching approaches of AT (Kordaki, 2013). Therefore teachers,
particularly computer science teachers should be trained to have AT skills and to have
positive beliefs, perceptions and attitudes towards to the AT. Unfortunately, it can be
claimed that the prospective computer science teachers graduate without having sufficient
AT skills. Additionally, it is also stated that there are few studies on AT (Katai, 2015;
Plerou et al., 2017) and no compromise on how AT skills can be gained (Grover et al.,
2015; Milkova, 2005; Milkova & Sevcikova, 2017; Silapachote & Srisuphab, 2017).

Purpose and the Significance of the Research

In the light of the aforementioned literature, a need to include AT in teacher
training processes, particularly for prospective computer science teachers reveals itself.
The need for the studies that are examining how to teach AT skills remains unsatisfied as
well. In order to meet these needs, an elective course offered under the title of AT for
prospective computer science teachers. The aim of the work presented in this paper is to
examine this course. The work presents the curriculum development of the course, the
instructional process of the course, and the evaluation of the course in the light of students’
views and by exams’ scores (the midterm and the final exams). Since there is a very
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limited number of studies subjecting an AT specific course and training process for
prospective computer science teachers and considers the aforementioned issues, this work
may add meaningful contributions to the field.

Research Questions

“What are the views of the students about the AT course?” is the research question
of this study. Sub questions of the study are as follows: (i) Was there a difference in
exams’ scores averages of the students? (i) What are the views of the students about the
AT course objectives? (iii)) What are the views of the students about the AT course
content? (iv) What are the views of the students about the AT course implementation? (v)
What are the views of the students about the AT course evaluation? (vi) What are the
views of the students about the AT course effect?

Method

A mixed method approach was followed and sequential explanatory design was
conducted for the current study. The qualitative data were collected after the
implementation of the course to both contributing quantitative findings and evaluation of
the course. Quantitative part was designed as one group quasi experimental study. The
details of the process of the research are given in the sections Participants and Context, AT
Course Curriculum Development and Procedure.

Participants and Context

This study was carried out with the participation of sixth semester students of
Computer Education and Instructional Technology Department of an Education Faculty.
The participants may be considered as prospective computer science teachers. Twenty-
eight students were enrolled in the selective AT course opened for this period. Ten of these
students are female (35%), 18 are male (65%). However, the number of students who
indicated their views on the course was 20. Some of the lessons that these students have to
take are Programming Language 1 and II, Internet Based Programming, Database
Management Systems. Also, there is a compulsory lesson (Algorithm Design and
Development) that directly includes teaching algorithms or AT in their new curricula.
Although Programming Languages I and II courses require some algorithm-related skills,
teaching algorithms or AT do not sufficiently occur in these courses neither. Besides, the
new course of new curricula seems to be the Programming Language I course in a different
name, in practice. As aforementioned (see Introduction) studies suggested that such
conventional approaches may not be effective enough to gain AT skills. Therefore, a
course subjected to AT was deemed necessary and beneficial for these students.

AT Course Curriculum Development

Curriculum development model known as Taba-Tyler or rational planning was used
for the development of the AT course curriculum. Accordingly, a curriculum has four basic
components. These components are the objectives, content, learning experiences and
evaluation. The objectives of the course were determined and assessed with the help of five
academicians and relevant literature. The main objective of the AT course is to contribute
to the development of AT skills of prospective computer science teachers. Students who
take this course are expected to acquire the skills to produce sequential, logical solutions to
problems they may encounter in different subjects areas and in all areas of life (as
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suggested by: Papadakis, 2020; Papadakis & Kalogiannakis, 2019). However, in the light
of the relevant literature, it has been evaluated that the use of any programming language
during the development of these skills will adversely affect the process. Therefore, only the
pseudo-codes (Grover et al., 2015) and flow charts have been decided to be used within the
learning-teaching process. Since puzzles are supposed to contribute logical evolution and
imagination (Milkova & Hulkova, 2013) and AT skills (Hsu & Wang, 2018), selecting
these questions from puzzles is deemed appropriate. For this purpose, puzzles from
Algorithmic puzzles book written by Levitin and Levitin (2011) was decided to be used.

Procedure

The AT course is offered as a four-hour course (two lectures and two labs) each
week for a term of 14 weeks. During the first week, general information about the course
and explanations were given. Later on, students’ opinions about developing algorithms
were asked to determine readiness of the students. In the light of these opinions, it has been
evaluated that some students have basic algorithm development knowledge and skills, but
most of them do not have. Therefore, first of all, basic theoretical information about
algorithm development, and how the developed algorithms can be expressed with pseudo
codes and flow charts were subjected. During this step, basic steps of algorithm
development, which are identifying and understanding a problem/situation, finding a
solution, checking the solution for accuracy and efficiency and expressing solution step by
step with pseudo-codes and flow charts, are given with simple and clear examples (e.g.,
finding the sum of two numbers, sum of ten numbers, ordering three numbers). Details on
how to write pseudo-codes and draw flow charts were given as well. In the following
weeks, the solution of the puzzles in the direction of the pre-determined curriculum and the
development of the algorithms have been provided with both pseudo-codes and flow
charts. The development of the algorithms was carried out with the participation of the
students, providing an interactive environment within the classroom. The steps of
expressing the developed algorithms with the pseudo-codes and flow charts were carried
out individually by each student during the lab hours.

Except for the first two weeks, the implementation of the AT course was usually as
follows. (1) Asking students a puzzle verbally, (i1) Recognizing the time required for
students to keep notes on the puzzle, repeating points not understood at this stage, (iii)
Asking students to express what they are asked by their own words, (iv) Waiting for two or
three students to express puzzle correctly, (v) Asking all students whether the puzzle is
being understood correctly, and clarifying the points that are not understood, (vi) Asking
students to define what is given/input and what is asked/output, (vii) Asking students to
offer solution/s for the puzzle, (viii) Ensuring that the solution/s offered by the students are
evaluated by other students, (ix) Waiting until all the students agree on the solution/s,
allowing them to discuss during, (x) Ensuring that the solution/s being agreed are
understood by all, clarifying the points that are not understood, (xi) Having students to
draw flow charts and write pseudo-codes for a solution of each puzzle individually during
the lab hours.

Data Collection and Analysis

Exams’ papers, the students’ views, the students’ works of lab hours are the
collected data. The two exams, which were confirmed by two experts in CS and teaching
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programming, were consisted of two questions where each one was relatively harder than
the previous one. Students were asked to develop an algorithm for each question and
express the algorithm in both pseudo-codes and flow charts, where each one of them
assessed over 25 points (100 for the total). Students’ views were gathered by seven online
open-ended questions after the final exam. The questions were developed according to
thematic structure presented by Zhao et al. (2017). The questions were designed to collect
students’ views on the course in general, outcomes, content, level, course implementation
process, evaluation and effect. The questionnaire did not contain any questions about the
identity of the students. Only gender and age information of the students were asked. Since
the identities of the responders were unknown, the students had access to the questionnaire
after their evaluation finished, and the voluntary nature of the participation have been
considered as proof that the students reflected their sincere thoughts.

A Wilcoxon Signed Ranks test was conducted to compare exams’ scoreS. For the
descriptive analysis of the students’ views, the thematic structure of what should be in a
course curriculum presented by Zhao et al. (2017) was used. There are five themes in the
related thematic structure and 16 code categories under these themes. The categories used
are revised according to the nature of this study. As a result, nine categories were obtained
under five themes (see Table 1). In the presentation of the findings, the students are coded
as S1-S20.

Ethical Procedures

The study was designed in accordance with ethical principles and rules. The ethical
committee approval number of the approval document is 5152763-604.01.02-E.36805.

Results

The first sub-question of the research is about the progress of the students
according to exams’ scores. In order to determine students’ progress during the course
process two exams were applied. These exams and their scorings were validated by the
participation of three experts (all have the degree of Ph.D., one is in the field of
measurement and evaluation, one is in computer science education and one is in computer
engineering). According to the experts, both exams can be considered as equivalents and
they are suitable for measuring students’ progress in AT course. Therefore, even though
the two exams consisted of different questions, based on the experts’ views, their scores
were treated as repeated measures. The exams’ scores were examined and found not to be
normally distributed. Therefore, a Wilcoxon Signed Ranks test was conducted to compare
exams’ scores. The test indicated that the final exam scores (X=76.29, SD=10.08) were
statistically significantly higher than midterm scores (X=55.93, SD=5.28) Z=-4.51, p<.00.
The results may suggest that the AT skills of the students showed some significant
progress during the course.

The other sub-questions of the study are addressed by analyzing the responses that
the students gave the questions. Themes and categories which reflects results of these
questions with the code counts of the categories are presented in Table 1.
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Table 1
Descriptive Analysis Themes, Categories Count and Percentages
Theme Category f %
Course related objectives 55 28
Curriculum Objective Subject area related objectives 35 18
Life related objectives 11 6
The level/grade of the course 29 15
Curriculum Content
Scope of the course 17 8
Curriculum Implementation Teaching-learning process 9 4
Learning Evaluation Exams and students’ work 5 3
Satisfaction to curriculum 23 12
Curriculum Effect Arouse students’ interest in the 12 6
curriculum
Total 196 100

The themes given in Table 1 are presented in an order as they asked in sub-
questions.

Course Related Objectives

In the students’ views, emphasizing was mostly found on the intellectual processes
required for AT course. According to this, students have developed systematic, analytical
and multifaceted thinking skills within the scope of this course and have put into practice
the intellectual processes of reasoning. A student stated that “the puzzles that are asked in
the lessons lead to systematic thinking and that we have to perform logical thinking action
at a high level in the solution process.” (S7), which may imply that they provide systematic
thinking and were forced to be in more intellectual reasoning processes. Another student
stated that “allows a person to think systematically and in such a way that computers can
understand” (S15), indicating that, in addition to systematic thinking, students thought they
could express the solutions in a computational way.

Subject Area Related Objectives

In this context, the students have mostly expressed their achievements in computer
program development. A student stated, “I became aware of my programming knowledge.
Along with that, it provided me with information on what to do and how to improve
myself. I found out what my missing information about programming is “(S5), which
indicates that the students who have taken courses related to computer programming have
made more sense of information they already learned with AT course. Another student
stated, “It was a very beneficial lesson that allows me to approach with different
perspectives when writing a program.” (S8), which demonstrates that AT course can enrich
computer program development processes.
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Life Related Objectives

Students’ expressions in this context indicate that students have achieved some
gains not only in situations facing palpable solutions, but also in seeing and being open to
different aspects of events. A student stated, “You think differently, and there is not a
single way to arrive at the end, not being on the same path does not really show that one of
them is wrong.” (S18), which can be regarded as a sign of a gain that can be useful even in
conflicts of opinions that can be encountered in every aspect of life. The statement of
another student, “I learned that there is a solution for every problem in my life” (S2) could
be regarded as a positive achievement in order to demonstrate an effort to avoid giving up
in the face of problems and to seek different solutions. Another student stated, “It helps
people have a thinking ability. We face many problems in our daily lives. At the very least,
it helps us to find solutions to these problems.” (S5), which can be considered that the AT
course can be useful in solving problems that may be encountered in life.

The Level/Grade of the Course

In order to find out the students’ views on what level/grade would make AT course
more beneficial, they were asked the questions, “If you have opportunity to choose the
level/grade that you will take AT course, what level/grade would it be? And why?”. The
count of students and their preferred levels/grades are as follows; four students at each
stage of their learning life, two students in primary school, two students in middle school,
nine students in high school, and 12 students in university. A student, pointing to the
achievements of this course, “I think it would have been more beneficial if we took this
course before high school, in secondary education or even primary education. We would
have gained some intellectual skills in younger ages.” (S10). As a matter of fact, some
students also stated, “I think the course should be offered in high school or at the beginning
of university education. It would be helpful not only in programming but also in different
aspects of life.” (S8), “It should be offered in every level of every school regardless the
education they offer related to computer science or not.” (S12). The other statements of the
students on this topic can be interpreted as that this course is more essential for computer
programming or coding and that this course should be taken before programming courses.

Scope of the Course

The statement, “It was very difficult for us to work with flow charts, since most of
us did not know anything about it” (S8) refers to the fact that most of the students who
were in the second term of their third year, do not have basic knowledge about algorithm
development. Some other statements, “At the beginning of the course all necessary
information (Algorithm, Flow Chart, etc.) would increase the yield.” (S12), “In high school
years they taught the flow charts in the programming class, but that is not enough in my
opinion.” (S11), “the course should have been handled in a fundamental way, assuming
that all students knew nothing.” (S15), and “In order to be able to understand the more
efficient part, simple questions can be answered in the first place, and flow charts and
pseudo-code can be written for these questions” (S4) also indicated that the students lack
basic knowledge and skills related to algorithm development, even though they already
received some computer programming courses. However, S11 emphasized that “the
subjects related to algorithm development were covered within a lesson in high school
years, but this was not enough.”.

© 2021 AKU, Kuramsal Egitimbilim Dergisi - Journal of Theoretical Educational Science, 14(4), 570-585



578 Cetin GULER

Learning-Teaching Process

A student’s statement, “We find very different answers by discussing the problems”
(S2), summarizes how the learning-teaching process of the course was realized. Another
student stated, “It would be better if each student is given a question and resolved
beforehand and discussed with other friends in class” (S6), which indicates that he
preferred exercises to be carried out outside the class in the form of homework. Another
student stated, “I think that a circle is made and more interactive; for example, we should
not be so individual” (S18), suggesting that classroom interaction can be enhanced by
changing the classroom layout. The same student thinks that it is better to do group work
during lab hours. Another student stated, “The course was completely dependent on the
practice and the imagination of oneself” (S15), pointing to the role of mental processes in
these practices.

Exams and Students’ Work

Some statements of the students on this subject are “I think that it takes a lot of time
to answer a question during exams, and this is a negative aspect of the exam being an hour
or two.” (S5), “I would like it more if the exams were project formed homework™ (S3), “It
is a beneficial course, but it would be better if there were no grades.” (S17), “It would have
been better if more time was given for the exams.” (S8), and “I think it would be more
beneficial if we were working with groups instead of individuals.” (S13). These statements
can be interpreted as the fact that students want more time for exams and perform project
works in groups outside of class hours instead of individual classroom activities.

Satisfaction to Curriculum

There are 23 codes in this category, and only one can be considered a negative view
on the curriculum. Some students’ views in this category are “We were learning and we
were enjoying it” (S16), “We learned a lot and having fun, and there is nothing that man
cannot achieve.” (S6), “It was a very fun course and we both learned and stressed during
the lessons” (S8), “Entertaining teaching.” (S12), “It is fun because it is based on logic.”
(S3). These views of the students imply that they continue to enjoy the course during the
term. However, when expressing these views, they also stated that they learned a lot,
stressed, had fun, and etc., which express their satisfaction with the course.

Arouse Students’ Interest in the Curriculum

None of the students’ views coded under this category is negative. A student stated,
“We realize our dreams. I started without knowing anything, but now I want to sit and
work for hours.” (S18), which indicates that the course had a positive effect on the interests
and motivations of the students. Another student stated, “Thanks to this course, I can do
the practices I cannot do before, and it is a hope for the future.” (S13) that may be
considered to be another indicator of gains achieved by this positive effect. A Statement of
another student, “A good start for programming in the future.” (S12), suggests a positive
reflection of the achievements of the course in other fields.
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Discussions and Recommendations

Main findings of the research are discussed in this section. After the discussions,
some recommendations are given with respect to the related literature and the findings of
this study.

Although the students have taken the AT course in the sixth semester of the third
year, they have stated that they do not have sufficient (or even no) knowledge and skills
regarding AT before taking the course. However, they provide rich insights about what
they thought they gained by taking the course. The findings of this study demonstrate that
according to students who did not train in AT in their previous education processes (which
supported by exams’ scores), that AT skills are necessary for them (Hubalovsky, 2013) and
that AT skills can be beneficial in both professional, academic and real life situations
(Papadakis & Kalogiannakis, 2017). To be able to perceive and understand various
problem situations (Coufal et al., 2017; Dasso et al., 2005), execute mental processes to
solve problems (Coufal et al., 2017; Saeli et al., 2011), express the solutions found in
systematic and generalizable structures (Hromkovi¢, 2006; Papert, 1993), evaluate the
effectiveness and efficiency of solutions, be open to different viewpoints, gaining skills for
analytical thinking (Saeli et al., 2011), and etc. can be shown among the achievements that
students thought they gained. Since these students are prospective teachers who are
supposed to take an important role in the preparation of ICT literate individuals and
society, the need for such lesson can be better understood by assessing the importance of
teachers (Ayaz et al., 2015; Gao et al., 2011; Hubalovsky et al., 2010; Hubalovsky &
Musilek, 2013; Kalogiannakis & Papadakis, 2017b; Papadakis, 2020; Papadakis &
Kalogiannakis, 2019) in this preparation. Considering potential benefits of such a course as
AT, other teacher training programs may consider including the course in their curricula as
well.

While determining the course content, it is assumed that the students have at least
some AT skills. However, in the implementation of the course, most of the students were
found to have almost no AT skills. Therefore, it would be more beneficial for such a course
to be prepared at the most basic level of content, assuming that the students do not have
any skills about AT. Beginning with the concept of algorithm, the development process of
algorithms and dealing with the usage of pseudo-code and flow charts to express
developed algorithms with many examples can contribute to the effect and efficiency of
the course. Expressing solutions in this way before switching to programming or coding
can provide meaningful contributions to AT development (Fidge & Teague, 2009; Fincher,
1999; Hromkovic et al., 2017; Mayer, 1981).

Algorithmic puzzles have been determined and used for the course. Most of the
students found this course beneficial and fun. In the learning-teaching process of the
course, it may be more useful to use puzzles/problems that are open-ended, blurred and
closer to real-life conditions (Dagiene et al., 2017; Hubalovsky, 2012; Hubalovsky, 2013;
Hubalovsky & Korinek, 2015) than traditional programming instructions (Brusilovsky et
al., 1997). However, by evaluating the views of some students and readiness of students,
using simple, well-known/common algorithmic problems in the first weeks of the course
may provide positive contributions to the effect of the course. Related literature
(Brusilovsky et al., 1997; Ham, 2015; Hubalovsky et al., 2010) and findings of this study
suggest that no programming languages or environments be used in the process of
acquiring AT skills. Programming languages and environments such as Scratch, Alice,
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Kodu, which are claimed to require no programming or coding skills, are also no
exceptions. Even such programming languages and environments can limit the process of
AT development of students, no matter they require mostly moving visual blocks rather
than writing codes. Therefore, it may be more beneficial for the students in the AT class to
realize algorithm development processes using only paper and pencils.

The students’ views also suggest that this course should be given at least before
giving any computer programming courses (Galezer et al., 1995) or early stages of learning
life (Akpmar & Altun, 2014; Galezer et al., 1995; Grover et al., 2015; Hubalovsky &
Sedivy, 2013; Katai, 2015). Considering the relationship between computer programming
and AT (Coates, 2010; Hubalovsky, 2012; Hubalovsky, 2013; Hubalovsky & Korinek,
2015), this course may be considered as one of the core courses in computer science
education. After submitting this course (Hubalovsky et al., 2010), a course in the form of
AT I, including the development of computer programs, can be presented. The content of
AT 1l course can include basic algorithms and data structures such as searching and sorting
algorithms, list and linked list, queue and stack structures. In presenting these topics, the
necessary theoretical information can be presented first and then the association with daily
life can be made with proper examples, questions or puzzles. Solutions can be expressed in
pseudo-codes and flow charts using the approach of the AT course and then these pseudo-
codes and flow charts into any programming language. Such an AT Il course can also
provide effective gains for the use of AT skills in the software development process, as
well as helping students to consolidate and improve AT skills. Alternatively, the content of
the AT and AT Il courses mentioned here can be intensified and presented under a single
course. Such a course can be divided into AT for the first half of the period (first seven
weeks) and AT Il for the second half (the rest of the term).

Conclusion

According to the exams’ scores and views of the students, the offered AT course
may be considered an effective and useful course, despite some deficiencies and problems
identified and reported. Consequently, such a course should be given in departments
related to computer science. It might be useful to present courses and topics related to AT
skills at different stages of education process. It may be more useful to give this course
before computer programming courses. The use of no programming language but only the
use of the pseudo-codes and flow charts may be considered an element in the positive
outcomes of the course.

Limitations and Implications

Due to some official and administrative restrictions, the AT course could be opened
in the sixth semester of the third year of the CEIT Department. Consequently, the students
who took this course had already taken some computer programming-related courses in the
previous terms. Whereas it makes more sense that AT course is given before such courses.
Taking an AT course before or after these courses may influence students’ feelings and
thoughts about the course. Therefore, the term of the AT course given in, and therefore the
characteristics of the course participants, may be regarded as a limitation for the research.
A more complicated study with two similar participant groups can isolate this limitation.
Offering an AT course before the computer programming courses for one group and after
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for the other group then make participants evaluate the course can provide more
meaningful findings in this context.

The researcher of this study is also the instructor of the AT course. This may have
affected data collection and data analysis phases for various reasons. The researcher has
been involved with the students during class hours, but he could not keep observational
notes in this process. This shortcoming has been tried to be solved by keeping the research
journals after the class hours. The students’ views about the course were intended to be
determined by the interviews, but the researcher decided that interviewing would not be
appropriate by evaluating the conflicts of interest that could originate from the researcher’s
teaching role. Instead, at the end of the term and after the student’s assessments were done,
students’ views were received by an online form, with student identities being kept
confidential. With the contribution of an additional researcher/s, research can be conducted
by employing various data collection methods, which may improve the quality of the
findings.

Conflicts of Interest
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ABSTRACT: The purpose of this study was to determine the preschool teacher’s professional development (PD)
needs about education for sustainability (EfS) as the first stage of a PD project. The general knowledge of teachers on
sustainable development (SD) and their experience in preparing and implementing EfS activities was investigated.
The data were collected from 1126 participants via a survey to determine preschool teachers’ knowledge level about
SD and their practice to develop a PD program. Most preschool teachers acknowledge the term SD and revealed
limited SD knowledge. Organizing learning centers and using outdoor learning environments on EfS were seen as
challenging tasks for them. Few of them find themselves competent in family participation efforts for SD.
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OZ: Bu calisma, mesleki gelisim (MG) projesinin birinci agamasi olarak, okul &ncesi ogretmenlerinin
stirdiirtilebilirlik icin egitim (SE) ile ilgili MG ihtiyaglarmi incelemektedir. Bu dogrultuda &gretmenlerin
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ve acik havada Ogrenme ortamlarinin kullanilmasi katilimeilar tarafindan zorlu gorevler olarak goriilmiistiir.
Katilimeilarin kiigiik bir kismu siirdiiriilebilirlik i¢in aile katilimi ¢alismalarinda kendilerini yeterli bulmaktadir.
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Most countries grapple with getting down too many problems: poverty, types of
pollution, and loss of biological diversity. Recently, researchers have addressed these
problems in many fields such as education, economy, and social policy. Further,
politicians and activists put them down on their plan to deal with these problems.
Sustainable development (SD) brings forward “meeting the needs of the present without
compromising the ability of future generations to meet their own needs” (Brundtland,
1988). Education for Sustainability (EfS) brings people of all ages to assume
responsibility to conceive a sustainable future (Bonnett, 1999; UNESCO, 2002). SD
was gradually advanced in a multidimensional idea, consisting of pillars of SD
environmental, economic, and socio-cultural as a whole constitute EfS (UNESCO,
2005a, 2006). The scope of EfS aims to arrange “people of all walks of life to plan for,
cope with, and find solutions for issues that threaten the sustainability of our planet”
(UNESCO, 2005h). The existence of qualified teachers is significant to succeed in EfS
goals (Panatsa & Malandrakis, 2018) since children among the age groups are active
“agents” to initiate creating chances (UN, 2015). The early years are a “natural starting
point” for continuing EfS for all children valued (Dyment et al., 2014), lifespan
learning, and societal transformation (Centre for Environment and Sustainability, 2008;
UNESCO, 2014). On the other hand, introducing early childhood education practices
for sustainability (ECEfS) has been decelerating in recent years (Elliott & Davis, 2009).

Background

It is crucial to understand the scope of SD, the value of EfS, and how education
affects teachers’ concept of sustainability (Panatsa & Malandrakis, 2018). Teachers
shape future citizens’ behaviors while their practices are shaped and influenced by their
ways of understanding and thinking (Nespor, 1987). Yet, the literature indicates that
teachers possess a superficial understanding of SD (Borg et al., 2014). Furthermore,
they attend to view EfS through the pillar of the environmental lens, consistently
discounting economic and socio-cultural pillars (Borg et al., 2014; Pepper & Wildy,
2008). The research still focuses on the environmental pillar of SD in EfS (Bascopé et
al., 2019). However, understanding the relationship among them has a pivotal role in the
holistic awareness of the EfS (Berglund & Gericke, 2016). Although there is policy and
curriculum pressure, many teachers have unnoticed the link between sustainability and
the curriculum. (Nicholls & Thorne, 2017). Barriers to associating integrating EfS in the
curriculum is a lack of awareness of its priority (Nicholls & Thorne, 2017), teachers’
conceptions of EfS be limited in scope (Dyment et al., 2015), and inadequate to capture
the essence of sustainability and its bearing within the curriculum (Australian Education
for Sustainability Alliance, 2014).

The Motivation of the Project and the Study

According to Inoue et al. (2016), sustainability is a many-faceted concept. There
are various groups, such as politicians, scientists and teachers, interpreting it differently.
Sustainability as environmental issues rather than socio-cultural and economic pillars
are primarily understood by teachers (Hill et al., 2014). Teachers perceive doing nature-
based activities as EfS (Elliott & Davis, 2009). They neglect the economic and socio-
cultural pillars. However, this sense of direction is not enough to address current
sustainability crises and societal transformation (Inoue et al., 2016). Studies are limited
to interventional as experimental and action research about EfS conducted with teachers
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and far too little attention has been developed teachers’ practices (Giiler Yildiz et al.,
2021). Thus, in-service education about sustainability is suggested to understand the
scope of sustainability and plan and implement activities in the preschool classroom
(Giiler Yildiz et al., 2017). According to Nicholls and Thorne (2017), EfS practices
could be improved by professional development (PD) in the classrooms. Therefore, a
PD project for preschool teachers on EfS was proposed by Turkish and Korean
researchers who came together Education for Sustainable Development World Project
initiated by the World Organization for Early Childhood Education (OMEP) and carried
out studies together to boost awareness of EfS among children and preschool teachers
(Engdahl, 2015; OMEP, 2020).

The project has been funded by the Scientific and Technological Research
Council of Turkey (TUBITAK) and the National Research Foundation of Korea (NRF)
under the Bilateral Cooperation Program between Turkey and South Korea. The
purpose of the project is to increase awareness of EfS among preschool teachers and to
support them in integrating EfS into their classroom program and their practices through
the medium of the PD modules, which include 7R themes (reduce, reuse, recycle,
respect, reflect, rethink, redistribute) on the context of two countries for two years.
Because 7Rs are the appropriate pedagogical framework in the preschool classroom to
address EfS (Duncan, 2011; Engdahl & RabuSicova, 2011), researchers provide
professional training to preschool teachers after developing PD modules, and then the
modules will be revised concerning the output. Besides, the different teachers will be
enrolled in the prospective training, and researchers will follow up the reflection of the
training into the school setting. All PD modules and processes will be carried out and
negotiated in cooperation with the Korean team (ECEESDPD, 2020).

This study is the first stage of the project and focuses on determining the
preschool teacher’s PD needs about EfS. The PD modules will be developed based on
the findings of the study. Also, this study is significant since minority groups outside
the English-speaking culture have been supported by the researchers (Elliott et al.,
2020).

A Snapshot of SD/EfS and Preschool Program in Turkey

Turkey is seeking to reach 17 Sustainable Developmental Goals (SDGs)
published in the UN Sustainable Development Agenda in 2015. Moreover, the Eleventh
Development Plan for the years 2019-2023, which integrated SDGs, is implementing in
Turkey. Concerning the plan, action plans and various projects like Save Your Food
Project and Zero Waste are carrying out by ministries (Turkish Ministry of Environment
and Urbanization, 2019, 2020). They are applying the projects not only in the public
areas but also at the schools. In addition to the government’s effort, non-governmental
institutions can reach the goals and raise awareness about sustainability for the public
and the preschool teachers. For instance, training is conducted to improve teachers’
knowledge and practices on the environment by The Turkish Foundation for Combating
Soil Erosion (TEMA, 2018).

In Turkey, preschool education refers to 36-72 months old children till starting
primary school. In 2013, the preschool program called “Preschool Education
Curriculum” as a framework was developed to guide preschool teachers’ practices by
the Turkish Ministry of National Education (MoNE). The concept of SD is not used in
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this curriculum because it is not thematic but developmental. The curriculum supports
all development areas of children in a holistic way. Teachers plan their monthly and
daily educational process, classroom activities, assessment of children, and family
involvements based on the objectives, which the teacher selects following children’s
development level and needs. Teachers can add new objectives into the program related
to the current local, national, and worldwide issues. Moreover, using outdoor learning
environments and organizing learning centers, such as art, science and music, are
promoted (MoNE, 2013). Therefore, teachers can associate SD and EfS into their
educational process while following up the national program.

The project aims to develop PD modules based on the preschool teachers’ needs.
Because there is a unique role to guide teachers investigating their knowledge, skills,
and dispositions (Inoue et al., 2016). Some studies have been carried out on how
teachers defined the concept of sustainability and SD (Giiler Yildiz et al., 2017,
Haktanir et al., 2010; Kahriman, 2016; Korkmaz & Giiler Yildiz, 2017; Ugras &
Zengin, 2019). However, no single study exists on what PD needs of teachers about
EfS, and research to date have not yet determined what teachers know and how their
skills for sustainability under the national preschool education curriculum in the Turkish
context. Therefore, the purpose of this study is to determine the preschool teacher’s PD
needs about EfS. Determining their needs is critical to prepare modules about ECETS for
the project so their knowledge and skills might be enacted with varied emphasis with
PD modules. As a result, the following research questions were determined to
investigate preschool teachers’ PD needs:

1. What is the general knowledge of preschool teachers on SD and its pillars?

2. What is preschool teachers’ experience in preparing and implementing EfS
activities in the classroom?

3. What are the PD needs of preschool teachers for EfS?
Method

Sample

The sample consisted of 1126 pre-school teachers from 7 different geographical
regions and 81 provinces of Turkey. Participants ranged in experience from zero to 43
years with a mean year of 14.02. Most of the participants identified as female (97.1%),
and the rest were male (2.8%). Concerning education level, most of the participants’
highest degree was a bachelor’s degree (n=823; 73.1%), while 123 (10.9%) earned a
master’s degree, and 11 (1.0%) participants earned a doctoral degree. Among them, 366
(32.5%) of the participants reported working in a kindergarten classroom in a public
school. In comparison, 463 (41.1%) of the participants reported working in a public
preschool. Also, 42 (3.7%) of the participants reported working in a kindergarten
classroom in a private school, while 254 (22.6%) of the participants reported working in
a private preschool. In terms of the children age group of the teachers’ classroom, 455
(40.4%) participants were working with 5-year-old children, 205 (18.2%) participants
were working with mixed-age children, 192 (17.1%) participants were working with 6-
year old children, 181 (16.1%) participants were working with 4-year old children, 83
(7.4%) participants were working with 3-year old children, and 9 (.8%) participants
were working with 2-year old and under age group children.
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Table 1
Some Demographic Information about Participants

Teachers’ n %

Female 1093 97.1
Gender

Male 32 2.9

High School 18 1.6
Associate degree 131 11.6

Open Education Bachelor’s degree 19 1.7
Education Level Bachelor’s degree 823 73.1
Master’s degree 123 10.9

Doctoral degree 11 1.0

Missing 1 A
Public kindergarten classroom 366 32.5
Public preschool 463 41.1

School Type Private kindergarten classroom 42 3.7
Private preschool 254 22.6

Missing 1 A

Two and under of two 9 .8

Three 83 7.4
Four 181 16.1

Age of children in

Five 455 40.4
the classroom
Six 192 17.1
Mixed 205 18.2
Missing 1 A

Instruments and Procedure

For data collection, a survey was developed by the researchers. The survey’s
purpose was to determine preschool teachers’ knowledge level about SD and its
reflection on their practice in the classroom to develop a PD program. The intention was
to reach as many preschool teachers as possible from all cities/regions of Turkey. The
survey, which was carried out from March to May in 2020, consists of three parts:
participants’ demographics, views on EfS, and needs for implementing EfS in the
preschool classrooms. In addition, there are questions about the participants’ gender,
teaching experiences, education, type of their institution, and children’s age group of
their classroom in the demographics section (Represented by seven questions).

Next parts aim to better understand participants’ efficacies in knowing the SD
concept, practicing EfS and their needs to implement EfS in their classroom. The
second and third parts of the survey comprised 17 optional and close-ended questions
(Six-point Likert scale from none/very poor/poor/fair/good/very good). Nine questions
are also separated into three levels in the third part. These three levels are
environmental, economic, and socio-cultural pillars of SD for every question in these
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nine. Because of the survey structure, it is more appropriate to collect data on the
descriptive level. Sample questions from the second and third parts of the survey are
presented below (Table 2).

Table 2
Sample Questions from the Second and Third Parts of the Survey
8. Have you heard the If your answer is “yes,” please mark where have you heard it from?
concept of sustainable a. From mass media (newspaper, internet, TV, etc.)
?
S(ee\gj:\?gmem before? b. From academic publications (books, articles, etc.),
c. From workshops, seminars, or in-service training
d. From the conversations | had with faculty
e. Non-governmental Organizations (TEMA, CEVKO, TURCEYV, etc.)
f. From the courses | took during my undergraduate education
g Other ........oooviiiiiiii (Please explain)
very very
none poor poor fair good  good
15. Knowledge of concepts  Environmental 1 2 3 4 5 6
that | canaddress for g omic 1 2 3 4 5 6
education for sustainability
Socio-cultural 1 2 3 4 5 6

The survey was made available to participants via google forms for a three-
month interval. It was advertised through phone calls, social media such as Instagram,
Facebook, Twitter, groups in messaging platforms; besides some phenomenon,
preschool teachers in various social media tools advertised it for preschool teachers’
attention. The survey has also been distributed to the number of participants via direct
message who were asked to send the hyperlink to their colleagues, thus creating a
snowball effect. The instrument’s validity was granted from various field experts
ranging from science education, preschool education, environmental education to
educational measurement and evaluation.

Data Analysis
The data were analyzed via descriptive statistics because of the nature of the
instrument. Most of the data were categorical in nature, so it was impossible to go

further with inferential statistics. Instead, nonparametric Chi-square statistics were used
in the analysis.

Ethical Approval

This study was approved with the Meeting Date and Number
28.05.2019/35853172-600 by the Social and Human Sciences Ethics Committee of
Hacettepe University.
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Results

Descriptive Statistics Results

To investigate the teachers’ needs for EfS, some questions were asked about
their SD knowledge and enrollment in a course/seminar about SD. The first question
was that “Have you heard the concept of SD before? If you heard, from where did you
hear about the concept of sustainable development?” The results indicated that 362
(32.6%) participants have not heard, but 764 (68.4%) participants reported that they had
heard the concept of SD. Most of them stated that they heard the concept of SD from
mass media (n=403; 36.2%) and academic publications (n=385; 34.6%). Few of them
reported hearing from NGOs (Non-Governmental Organizations) (n=204; 18.3%),
undergraduate courses (n=143; 12.9%), and conversations with academics (n=95;
8.5%). The remaining participants stated that they have heard from other sources.

The other question was, “Have you taking any training for EfS?” The analysis
revealed that 164 (14.6%) participants reported that they took training for EfS. The
places where they took training include undergraduate and postgraduate courses at
universities (n=71; 6.4%), NGOs (n=69; 6.2%), MoNE (Ministry of National
Education) (n=35; 3.1%), private education institutions (n=23; 2.1%), and TUBITAK
(n=20; 1.8%).

We also asked participants, “How would you evaluate your knowledge about
SD?” The results showed that participants evaluated their knowledge of SD as poor at
27% and fair at 29%. Examining the bar graph of the results shows that the participants’
knowledge about SD is low. In the present study, participants were asked to evaluate
their knowledge about the environmental, economic, and socio-cultural pillars of SD.
The results showed very similar findings with the level of knowledge about SD. Figure
1 presents the bar graphs of the analyses.

Figure 1
Bar Graphs of the Analyses on the Knowledge about SD and Its Pillars

Knowledge about 50 for Environmental Pillar for Economical Pilar  for Socio-Cultural Pillar
(%)

(%) (%) (%)
None | 19 I I
Very Poor | 15 I I
Poor | 27 I
Foir | 29 I I
Good 9,6 L I
Very Good 1.2 | |

On the other hand, examining the means and standard deviations of the scores
concerning participants’ general knowledge on SD and its pillars, it seems that
knowledge about the environmental pillar of SD has a higher mean score among the
pillars of SD (Table 2).
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Table 3

The Means and Standard Deviations of the Scores Concerning Participants’ General
Knowledge of SD and Its Pillars

M SD
Knowledge about SD 1.99 1,31
Knowledge about the environmental pillar of SD 2.07 1.36
Knowledge about the economic pillar of SD 1.94 1.29
Knowledge about the socio-cultural pillar of SD 2.01 1.34

EfS Activities

In this part of the analyses, participants evaluated their knowledge on planning
EfS activities, implementing skills, evaluating these EfS activities, and the concepts
related to the three pillars of SD. The results indicated that about 22% reported not
having any information about planning EfS activities. Furthermore, more than half of
the participants reported themselves as “poor” or “fair” in this regard. This finding was
found to be similar in all pillars of SD (Figure 2). When the participants’ skills in
implementing and evaluating EfS activities are examined, it can be seen that
approximately 19% of the participants do not have any knowledge of all pillars. As a
result of the analysis, it is seen that approximately 53% of them see themselves as poor
or fair in implementing and evaluating skills (Figure 2). On the other hand, a small
number of participants find themselves competent in these skills. The results also
indicated that approximately one-third of the participants reported their knowledge of
the concepts related to SD as “fair” and above (Figure 2).

Figure 2

Bar Graphs of the Analyses on Participants’ Knowledge on Planning Efs
Activities, Skills in Implementing, Skills in Evaluating These EfS Activities, and
Information about the Concepts Related to Three Pillars of SD

for Environmental Pillar for Economical Pillar for Socio-Cultural Pillar
(25} (25) (22)
rione I I
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planning activities for Fai
1 it ] 1
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sustainability Good ] ]
Very & ood 1 ']
Pane I I
Skile in frolements very Poor — —
activities prepared Eai
" air I s
fo ta
© sustainabiity Good ] ]
Ve ry (& ood | | | |
rione I ]
Skilein cvemating | " L00 I —
activities prepared Eai
" air e 2
for sustainability Good I I
Ve ry G ood l .
rome I I
Informa tion on the Wery Poor I I
concepts that can be Poor I 7000
used for Foir ] I
sustainability G ood - -
Very G ood I I
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In this study, participants were asked about evaluating their skills for organizing
learning centers or using outdoor learning environments regarding EfS. According to
the results, about 18% of the participants found themselves inadequate in these skills,
while about 47% reported that they see themselves as “fair” and above proficiency.
(Figure 3).

Figure 3

Bar Graphs of the Analyses on Participants’ Skills for Organizing Learning
Centers and Outdoor Learning Environments

for Environmental Pillar for Economical Pillar for Socio-Cultural Pillar

(%) (¥5) (%a)
Nane ] I
skills for organizing Very Poar - .
learning centers for Poor ] I
sustainability Fair I 31 0909000
Good I ]
Very Good l .
None I I
Skills for using out-of- Very Poor [ ] L]
school learning Poar I o=
environments for Fair I zo
sustainability Good ] ]
Very Good H ||

Family Involvement

Another issue was participants’ skills on family involvement for SD. According
to the results, only less than 20% of the participants consider themselves competent
regarding family involvement. Moreover, 19% of them stated that they do not have any
skills. Figure 4 represents some graphs to show the findings of family involvement.

Figure 4
Bar Graphs of the Analyses on the Knowledge about SD and Its Pillars

for Emvironmental Pillar for Economical Pillar for Socio-Cultural Pillar

(%) (%) (%)
None I
skills related to Veery Poor L]
planning family Poor I
involvement efforts Fair I
for sustainability G ood ]
Very Good ||
None I
skills for Very Foor -
implementing family Poor _
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for sustainability Good I
Very Good ||
None I
skills related to Veery Foor ]
evaluating family Poor ]
involvement efforts Fair ]
for sustainability Good _
Very &ood .
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In the present study, the participants answered two additional questions about in-
service training on taking EfS. As a result, almost all participants stated that they needed
in-service training on EfS (n=1068; 94.8%), and most of the participants (90.0%) also
stated that they would enroll in in-service training for EfS (Figure 5).

Figure 5
Bar Graphs of the Analyses on the Knowledge about SD and Its Pillars

Do you need an in-service

training on EfS in ECE? Do you participate if an in-service

training for EfS is planned?

. . Q,
No; 53; 5% No- 18- 9% Not sure; 95; 8%
’ r o
_| ,

\

Yes; 1059;95% Yes; 999; 90%

Chi-Square Test Results

The study’s last findings were related to whether participants’ answers on
hearing SD before differing regarding the types of schools they worked in. The chi-
square for independence was run after checking the assumptions for it such as minimum
expected cell frequency. The test results firstly indicated that this assumption was not
violated and all expected cell sizes are greater than 5 (43.15). The results also revealed
that relation between these variables was significant, X?(1, N=1125)=13.131, p<.01. It
means that participants’ answers have significantly differed concerning the schools’
type that they were working. It is observed that a higher proportion of participants in
private schools have heard of SD compared to public schools (Table 4).

Table 4

The Number of Participants’ Hearing SD and the Type of Schools That Participants
Were Working in

Have you heard the concept of SD before?

Yes No
Public n=538(64.90%) n=291(35.10%)
Private n=226(76.35%) n=70(23.65%)

Discussion and Conclusion

Children are regarded as individuals who hold the skills to participate in
problem-solving and decision-making processes of recent environmental, social-
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cultural, and economic issues. These changing perspectives towards children made them
active agents for change to be involved in activities related to SD (Davis, 2010; Duhn,
2012; UNESCO, 2008;). Preschool teachers are seen as essential dynamics to promote
SD in societies starting from the early years (Henderson & Tilbury, 2004; Kahriman
Pamuk & Olgan, 2020). Today’s preschool teachers need to understand better the theory
and practices of EfS to make connections between children and the sustainable world. In
this regard, the current study aims to grasp preschool teachers’ general knowledge on
SD and its pillars, their experience in preparing and implementing EfS activities, and
their PD needs for EfS as a first stage of developing PD modules.

According to the present study’s initial findings, but 68.4% of them have heard
the concept of SD before, 32.6% of preschool teachers have not heard the concept of
SD. These findings revealed that most of the preschool teachers acknowledge the term
SD. Preschool teachers also reported that they heard about SD mainly by mass media
(36.2%) and academic publications (34.6). Other critical resources were defined as
NGOs (18.3%), undergraduate courses (12.9%), and conversations with academics
(8.5%). Similarly, 68% of the Korean preschool teachers reported that they heard about
SD, and they indicated workshops and seminars (28 %), mass media sources (19%), and
academic publications (19%) as the primary source for this (Park et al., 2016).

When comparing with the findings of previous studies, it may be concluded that
SD is an emerging issue in Turkish early childhood education. Indeed, Haktanir et al.
(2010) reported that pre-school teachers and pre-service preschool teachers did not
know about the concepts of sustainability and SD ten years ago. Although SD is
becoming more popular in early childhood education and preschool teachers reported
that they believe in the importance of SD for the future, the whole meaning and
underpinned ideas were not comprehended (Kahriman Oztirk & Olgan, 2016).
Hedefalk et al. (2015) also highlighted the limited comprehension of preschool teachers
about SD. Researchers reported that preschool teachers perceive SD with only the
environmental pillar. Similarly, Inoue et al. (2016) concluded that though the Australian
early childhood curriculum covers the issues of SD, the teachers do not have enough
information and practices about EfS. Researchers suggested that in-service training
opportunities related to EfS could be provided to teachers to promote sustainability-
related understandings and practices.

Like the relevant literature, the current study also exhibits limited SD knowledge
of preschool teachers. According to the findings, participants evaluated their knowledge
of SD as poor at 27% and fair at 29%. It means that their level of knowledge is
considered low. Examining the findings related to SD’s pillars, participants evaluated
their knowledge about the environmental, economic, and socio-cultural pillars of SD as
low too. As mentioned above, preschool teachers’ knowledge about SD is critical since
they are responsible for introducing SD to children (World Commission on
Environment and Development [WCED], 1987). Flogaitis and Agelidou (2003) and
Bursj66 (2011) added that preschool teachers consider the lack of SD knowledge as a
barrier to implementing EfS activities. Therefore, limited SD knowledge is one of the
reported barriers to applying EfS the preschool classrooms. In connection with this
argument from relevant literature, participants of the current study also evaluated their
knowledge on planning EfS activities and skills in implementing and evaluating these
EfS activities for three pillars of SD as poor or fair. Kahriman Pamuk and Olgan (2018)
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defined EfS activities as in-class and outdoor learning processes run by preschool
teachers with children’s participation to promote SD.

There is a worldwide attempt to promote teachers’ sustainability-related
understandings and practices. Reorienting education programs towards SD could be a
way of encompassing teachers’ roles in EfS (Sterling & Huckle, 2014). In this regard,
they must understand how teachers perceive SD and what they need to associate EfS
into the existing curriculum. The national preschool education program (MoNE, 2013)
implicitly refers to SD via its objectives and indicators. For example, “respect for
diversity,” “reflect on different cultural features,” and “maintain aesthetic values” are
appropriate objectives that are also critical features for sustainability. However, the
current study’s findings also revealed that preschool teachers do not know SD-related
concepts in the national preschool education curriculum.

29 €6

Similarly, regarding the implementation of EfS activities, participants were
examined about their knowledge on the concepts related to SD, skills for organizing
learning centers, and outdoor learning environments. Organizing learning centers and
using outdoor learning environments regarding EfS were seen as challenging tasks for
the participants. About one-fifth of them do not know how to organize learning centers
and use outdoor learning environments. Furthermore, half of them do not trust enough
their skills to do these tasks. This result is not surprising since most participants noted
that they had poor and fair knowledge about SD. In these circumstances, teachers could
not create learning centers and use outdoor environments in the face of EfS and SD.
This might be directly linked to teachers’ conceptions of EfS to be limited (Dyment et
al., 2015), teachers’ value, and a lack of awareness of the priority of EfS (Nicholls &
Thorne, 2017).

On the other hand, according to teachers, they do not have enough resources to
pick up materials for the learning centers independently of SD and EfS in Turkey
(Demirci & Sivgin, 2017; Ozyiirek & Kiling, 2015). Therefore, teachers might not
search how to organize, what materials use and how to use them for EfS. However,
according to Prescott (1987), a well-organized environment encourages children to
follow themselves or their curiosity. Besides, the environment affects how children
move, behave, and it also determines how, what and where children will play (Hoorn et
al., 1993). Moreover, it offers an educational experience and a visual representation of
the value of school or teacher values (Barr et al., 2014).

Furthermore, teachers reported they did not have sufficient skills to organize
learning centers and outdoors for EfS in the present study. On the other hand, according
to Davis (2010), the outdoor environment is a learning setting and a resource for
children. Therefore, they need exposure to sustainable lifestyle practices to foster their
capacities (Ginsburg & Audley, 2020). Furthermore, Kahriman Pamuk and Olgan
(2018) addressed that eco and ordinary preschools had different physical conditions, but
there was no significant difference in their classroom practices. Thus, organizing the
environment might be related to teachers’ attitudes towards safety, nature, and place
(Padilla-Walker & Nelson, 2012). Otherwise, the physical environment influences how
teachers think and practice implementing EfS practices (Henderson & Tilbury, 2004).
Thus, it is imperative to figure out their pedagogical practices regarding EfS (Ginsburg
& Audley, 2020) and guide them to improve their skills, knowledge, ideas, and
practices about EfS to organize and use the indoor and outdoor learning settings.
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Family involvement was another critical issue for this study. According to the
results, one-fifth of them consider themselves competent regarding family involvement
efforts for SD. Moreover, 19% of them stated that they do not have any skills for all SD
pillars. The dynamics of the family impact the transition of children’s behaviors and
knowledge to the home (Lee et al., 2019) because children might have the agency to
adjust both at school and home (Ginsburg & Audley, 2020). According to Bandura
(1986), parents are a social context for children’s learning. Borg (2019) stated that
parents are sources of knowledge for children to learn other children’s economic
situations. Educators recognized that more powerful messages could be delivered when
parents participated in children’s sustainability awareness (Morris et al., 2016). Giiler
Yildiz et al. (2017) found that children’s behaviors were shaped in terms of doing
activities at home because the skills about EfS ought to be part of their daily lives
(Renton & Butcher, 2010). Therefore, teachers might support, lead and educate parents
about SD (Giiler Yildiz et al., 2017). Hence, skills and knowledge about planning,
implementing, and evaluating parent involvement activities are critical for cooperating
to lead children about SD and EfS. On the other hand, parental beliefs about the
outdoors associate with risk (Knight, 2013; Michek et al., 2015), so it is a barrier to EfS.
Therefore, family involvement is critical especially using the outdoor environment as a
resource. In the present study, most of the teachers have poor or fair skills for planning,
implementing, and evaluating the family involvement activities about the three pillars of
SD. This might be linked to knowledge and skills for planning EfS activities and about
22% reported that they did not have any information about planning EfS activities.
Therefore, teachers need to know how to do these. This process is vital considering not
only for children, but also for society (Davis et al., 2008; McNichol et al., 2011).

The school type could be seen as a significant part of gaining awareness for SD.
The last findings were related to whether participants’ answers on hearing SD before
differing regarding the types of schools they worked in. The results indicated that
participants’ answers differed concerning the type of school they were working at. It is
observed that a higher proportion of participants in private schools heard of SD
compared to public schools. This finding was also reported by Korkmaz and Giiler
Yildiz (2017) that there was a difference between public and private Eco-Schools
regarding EfS practices in favor of private Eco-Schools. Teachers working in private
schools were more competent for the environmental pillar of SD, but they were the
same within the socio-cultural pillar. A possible explanation might be that SD activities
generally contribute to the environmental pillar (Korkmaz & Giiler Yildiz, 2017).

Consequently, there is a widespread bolster for EfS, but it is still challenging for
planning and implementation in preschool classrooms. As expected, almost all
participants stated their needs for in-service training on EfS and their willingness to
participate. This study’s findings revealed that a small portion of participants took
training on EfS throughout undergraduate and postgraduate courses at universities,
NGOs, MoNE, private education institutions, and TUBITAK. Kahriman Oztiirk and
Olgan (2016) reported the need for in-service training on EfS. Similarly, Inoue et al.
(2016) highlighted that EfS related in-service training such as courses, lessons,
seminars, and so on would positively affect preschool teachers’ views about EfS.
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Limitations

The reader should bear in mind that the study is based on preschool teachers’
self-report to determine their needs about EfS as a first step for developing a PD.
Establishing how teachers plan their activities, how activities are implemented, and how
children use learning centers and outdoor environments are beyond the current study’s
scope. Therefore, addressing them may provide more valid information on this issue for
future studies. Also, it might exhibit the pedagogical content knowledge of teachers.
Secondly, it is beyond the current study’s scope to explore what teachers know about
EfS and how they translate knowledge into practice in the classroom. Exploring these
processes might be helpful to guide teachers in improving their practices. Thirdly, some
teachers reported that they have good and excellent knowledge and skills on planning,
implementing, and evaluating SD activities for both children and family involvement,
organizing learning centers, and using outdoor environments. Information on how they
execute these was not the focus of this study. Future research might reveal these so
teachers could see the best practices. Despite its limitations, the study certainly adds to
what teachers say their knowledge and skills about SD and EfS activities regarding SD
pillars.
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ABSTRACT: In this study, how the learning process designed with mathematical modeling activities affects the
mathematical modeling competencies of middle school students who are at different levels in terms of reading
comprehension skills. In the study, nested (embedded) pattern was preferred among mixed method research designs.
The participants of the study consisted of 26 middle school seventh grade students who were selected using the easily
accessible situation sampling method, which is one of the purposeful sampling types. In the research, besides
mathematical modeling activities, researcher and student diaries were used to obtain qualitative data on the
functioning of the application process. “Modeling Activities Opinion Form” was also used at the end of the
application process in order to determine the general views of the study group on the activities. The quantitative data
of the study were collected through the “Reading Comprehension Test” and “Mathematical Modeling Competence
Test”, and the collected data were analyzed using both qualitative and quantitative data analysis methods. At the end
of the study, it was determined that the mathematical modeling competencies of the students improved, but this
development did not follow a stable course during the application process and the interpretation and validation
competencies of the students were low.

Keywords: Mathematical modeling competence, reading comprehension skill, mathematical modeling activities.

OZ: Bu arastirmada, matematiksel modelleme etkinlikleri ile tasarlanan Ggrenme siirecinin, okudugunu anlama
becerisi agisindan farkli diizeylerde bulunan ortaokul 6grencilerinin matematiksel modelleme yeterliklerini nasil
etkiledigi incelenmistir. Calismada, karma yontem arastirma desenlerinden i¢ ige (gomiilii) desen tercih edilmistir.
Arastirmanin katilimcilar, amagli 6rnekleme tiirlerinden olan kolay ulasilabilir durum 6rneklemesi yontemiyle
secilen 26 ortaokul yedinci siif 6grencisinden olugmaktadir. Aragtirmada, matematiksel modelleme etkinliklerinin
yani sira; uygulama siirecinin isleyisine dair nitel veriler elde etmek amaciyla arastirmact ve dgrenci giinliiklerinden
yararlanilmistir. Calisma grubunun etkinlikler ile ilgili genel goriislerini belirlemek amaciyla uygulama siireci
sonunda ayrica, “Modelleme Etkinlikleri Goriis Formu” kullanilmistir. Arastirmanin nicel verileri ise, “Okudugunu
Anlama Becerisi Testi” ve “Matematiksel Modelleme Yeterligi Testi” aracilig1 ile toplanmig, toplanan veriler nitel ve
nicel veri analizi yontemleri birlikte kullanilarak analiz edilmistir. Caligmanin sonunda, 6grencilerin matematiksel
modelleme yeterliklerinin gelistigi ancak bu gelisimin uygulama siireci boyunca istikrarli bir seyir izlemedigi ve
ogrencilerin 6zellikle yorumlama ve dogrulama yeterliklerinin diisiik oldugu belirlenmistir.

Anahtar kelimeler: Matematiksel modelleme yeterligi, okudugunu anlama becerisi, matematiksel modelleme
etkinlikleri.
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Mathematical modeling is the process of analyzing a real-life situation by using
mathematical methods (Erbas et al., 2014). Mathematical modeling, which includes the
processes of transforming a real-life problem into a mathematical problem, generating
mathematical solutions, and then interpreting these mathematical solutions in a real
context (Blum & Leill, 2007, Borromeo Ferri, 2006; Lesh & Doerr, 2003), has an
important role in generating solutions from a perspective. Although there are various
definitions for Mathematical Modeling in the literature, it is seen that it is considered as
a process. According to Borromeo Ferri (2006), who defines mathematical modeling as
a six-step process, the first step of this process is a complete and correct understanding
of the problem situation by the problem solver. The ability to create models by
performing these six steps properly and to analyze or compare the given models is
defined as “Modeling Competence” (Blum & Borromeo Ferri, 2009). Another definition
for mathematical modeling competence was made by Kaiser and Maaf (2007).
According to them, mathematical modeling competence is to complete the mathematical
modeling process willingly and purposefully. Studies have shown that mathematical
modeling improves students’ thinking skills, increases their academic achievement and
their level of associating mathematics with daily life, and improves a positive attitude
towards mathematics (Brown & Stillman, 2017; Ciltas & Isik, 2012; Doruk, 2010;
Kaiser & Schwarz, 2006; Sandalci, 2013). Considering the general objectives of our
country’s Elementary Mathematics Course Teaching Program, it is seen that
competencies are aimed to be improved such as students’ mathematical literacy,
understanding and using mathematical concepts, predicting, mental processing, research
making, knowledge generation, self-confident attitude towards mathematical problems,
expressing mathematical thoughts, reasoning and relating (Ministry of National
Education [MoNE], 2018). These general objectives in the program are among the
competencies that can be acquired by students through mathematical modeling (Blum &
Borromeo Ferri, 2009; Hidiroglu, 2015; Lesh & Doerr, 2003). In many western
countries, curriculum reforms, especially at secondary education level, consider
mathematical modeling as an important element in current secondary education
mathematics programs that prepare students for further education (Blomhej, 2009).
Modeling is of great importance for the present and future lives of students and is an
important part of NCTM (National Council of Teachers of Mathematics) principles and
standards for school mathematics. It is important for students to learn how to solve
modeling problems (Schukajlow et al., 2015).

The first step in solving a mathematics problem is to understand the problem in
question. The success of students in reading comprehension skills forms the basis of
their success in other courses (Bloom, 1995; Ural & Ulper, 2013). Studies have shown
that reading comprehension is directly related to science achievement (O’Reilly &
McNamara, 2007) and mathematics achievement (Walker et al., 2008), and directly
affects students’ achievement in other courses (O’Reilly & McNamara, 2007; Ozcelik,
2011; Uzun, 2010; Vilenius-Tuohimaa et al., 2008). All these results show that
students’ reading comprehension skills can also affect their mathematical modeling
competencies in particular.

When looking at the historical development of the studies on mathematical
modeling, it is seen that Pollak (1969) defined mathematical modeling as real-life
applications of mathematics. It can be said that the real-life problems that Pollak
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discussed as mathematical applications in this study were addressed as problem solving,
modeling and mathematical modeling in the 1980s (Kapur, 1982). Modeling studies,
which have increased since this date and express real-life mathematical applications and
real-life problems mostly as mathematical modeling (e.g., Blum & Niss, 1991; Pollak,
1997), have started to be handled in different dimensions in the 21 century. For
example, while different mathematical modeling approaches and the modeling
definitions of these approaches are dealt with epistemologically in some studies (Kaiser
& Sriraman, 2006), some studies have focused on the steps, components and cognitive
features that emerge in the mathematical modeling process, which is a common
acceptance of different approaches (e.g., Borromeo Ferri, 2006; Sen-Zeytun, 2013).
Researchers, who see mathematical modeling as a competence that should be taught,
have carried out studies to determine and develop mathematical modeling competencies
(e.g., Kaiser, 2007; Tekin-Dede, 2015). On the other hand, since mathematical modeling
activities differ from conventional teaching methods (Lesh & Doerr, 2003), some
studies examine students’ views and beliefs about mathematical modeling (Kaiser &
Maal3, 2007), while some studies examine the relationships between students’ modeling
competencies and grade level and mathematics achievement. (Tekin-Dede, 2017). Some
studies have also examined how individuals construct mathematical knowledge through
mathematical modeling by evaluating modeling in the teaching dimension (Hitt &
Gonzalez-Martin, 2015; Lesh & Carmona, 2003).

On the other hand, there are studies in which, such as mathematical modeling,
reading comprehension skill is associated with variables such as mathematical reasoning
(Erdem, 2016), mathematics achievement (Ozdemir & Sertsdz, 2006), or mathematical
performance (Lerkkanen et al., 2005). However, as stated by Ural and Ulper (2013),
there are only limited number of studies focusing on the relationship between
mathematical modeling competence and reading comprehension skill.

Albayrak and Ciltas (2017) determined that 71.1% of the articles and 53.6% of
the theses were conducted with qualitative approaches and mainly using the case study
method in the content analysis of 38 articles published in 24 national journals and 28
theses published in 14 different institutes in Turkey on mathematical model and
modeling. In addition, they stated that there are a limited number of experimental
studies in Turkey on mathematical model and modeling, which are mostly carried out
with undergraduate students, and in these studies, how learning occurs with
mathematical modeling is not explained in detail. They emphasize that it is necessary to
go beyond the standard research designs used and to use more research designs that
have not been used or rarely used until today, rather than at the undergraduate level.
Due to the importance of mathematical modeling that enables students to perform a
learning process in which they are active and intertwined with daily life, it is understood
that the use of mathematical modeling in classroom environments should be widespread
and research on mathematical modeling should be diversified. Considering the
approaches, methods and samples used in previous studies, the lack of a satisfactory
number of studies conducted with secondary school students, especially including
qualitative findings, and examining the possible relationships between mathematical
modeling competencies and reading comprehension skills during an experimental
process, lead the researchers to the current study. In this study, mathematical modeling
competencies of middle school seventh grade students who have different levels in
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terms of reading comprehension skills were followed through an experimental process
to determine the change or development in these competencies. Therefore, it is thought
that the results to be obtained will contribute to the relevant literature and the planning
of learning environments to be organized for mathematics teaching.

The Relationship between Mathematical Modeling and Reading
Comprehension

In order to solve a math problem, it is necessary to understand the problem
correctly. As stated by Krawitz et al. (2017), in mathematical modeling problems, it is
clear that reading comprehension is a necessary condition for deriving a situation model
from the text, since a real-world situation is often presented in writing, and reading
comprehension plays an important role in understanding and further structuring and
simplifying the written information presented about the real-world situation. Schmelzer
and Schukajlow (2017) also stated that in order to solve a mathematical modeling
problem, a superficial combination of numbers given in the problem is not sufficient,
and first of all, an in-depth understanding is needed. Based on these expressions, it can
be said that students should be able to understand what they read in order to solve
problems. According to Yantir (2011), the skills of individuals who do not have the
ability to understand what they read, such as understanding, expressing, generating
thought, interpreting, analyzing, criticizing, and communicating, are not sufficiently
developed. When students encounter a problem, they sometimes try to solve the
problem by using the methods they know by heart without fully understanding the
problem (Gokkurt et al., 2015). It is clear that the solutions made in this way will not
make enough contribution to the learning and mental development of students. For this
reason, it can be said that understanding the problem is a prerequisite for problem
solving. Whether or not students understand a problem correctly can be understood
from stages such as separating the given and desired items, creating a diagram suitable
for the problem, and drawing a shape in the process of solving a mathematical problem
(Ciftei et al., 2018). According to Baykul (1995), in order for students to understand a
problem, they should express the problem in their own words after reading the problem
and write down what is given and requested in the problem.

These statements, which show that reading comprehension skill has an effect on
skills such as comprehension, analysis, and interpretation, show that there is a close
relationship between mathematical modeling and reading comprehension skill. In the
literature, there are studies in which mathematical modeling is associated with reading
comprehension (Krawitz et al.,, 2017; Plath & Leiss, 2018; Ural & Ulper, 2013).
However, there are not many studies in which reading comprehension is associated with
all the sub-steps of mathematical modeling and this relationship is evaluated by using
quantitative and qualitative data together during a teaching process. In this respect, this
study seems to be important in terms of revealing the relationship between reading
comprehension skills and mathematical modeling skills, which constitute a great basis
for the efficient education of students.

In the study, it was aimed to examine the effect of the learning process designed
with mathematical modeling activities on the mathematical modeling competencies of
the seventh-grade middle school students who have different levels in terms of reading
comprehension skills.
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In line with this stated purpose, answers were sought for the following sub-
problems:

1. What is the relationship between students’ reading comprehension skills and
their mathematical modeling competencies?

2. How do students’ mathematical modeling competencies change during the
application process?

Method

Research Model

In this study, embedded mixed design was preferred among one of the mixed
method research designs. In embedded mixed design, quantitative or qualitative data are
placed in a wider pattern, and these data sources have a supportive role in the whole
pattern (Creswell, 2016). The most common example of embedded mixed design is the
pattern that emerged when the researcher included qualitative data into the experimental
process (Creswell & Plano Clark, 2018). In this study, an experimental process was
carried out using mathematical modeling activities. The qualitative findings obtained by
observing the students’ mathematical modeling competencies in the process and taking
their opinions were supported by quantitative findings. The research was designed in
four steps: pre-application, application process, post-application and interpretation of
the data. In this way, it aimed to determine the changes in the students’ mathematical
modeling competencies before, after, and during the application. The research process,
which was designed in four steps, is presented in detail under the title of “main
application process”.

Participants

The participants of the research consist of 26 middle school seventh grade
students studying in a village school in a district of Diyarbakir in the academic year of
2018-2019. The study group in question is the students who took the “Elective
Mathematics Applications Course” at the researcher’s school. For the study group, the
seventh and eighth grade levels of secondary school were found more appropriate in
terms of understanding the activities, communication between students, directing
students, and ease of implementation. However, it was thought that students studying in
the eighth grade would not be able to express their own mental processes fully, skills
and opinions during the research process, especially since their preparation process for
the Transition Exam to High Schools (TEHS) in the second term was stressful, so it was
decided to work with seventh grade students. In addition, it is thought that the
contributions to be provided by this application process, which is carried out with
modeling activities, will provide benefits to the participant students for the TEHS that
they will enter in the next year. The researcher chose class A among the three seventh-
grade classes (A, B, and C) because of the factors such as the stable school attendance
of the students in this class, their openness to new methods in teaching, and their more
positive attitude towards the course. The participants consist of 16 girls and 10 boys.
Students are labeled as S1, S2, S3, ... S26 in codes from 1 to 26. The students in the
participant group come from families who live in rural areas, generally earn their living
from agriculture and animal husbandry, have a low or middle income, and the highest
education level is high school graduates.
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Data Collection Tools

The Mathematical Modeling Competence Test consists of three mathematical
modeling problems prepared by the researcher to be used as the pre modeling
competence test (Pre-MMCT) and the post modeling competence test (Post-MMCT).
Each of the “Knowledge Contest”, “Sleep Time” and “Book Reading” problems in the
test was created by examining the problems in the related literature and mathematics
applications textbooks and based on the situations that students may encounter in their
daily lives. Since the relationship between mathematical modeling competencies and
reading comprehension skills was investigated in the study, modeling activities were not
developed for a specific subject but by taking into account the objectives of different
subjects. In addition, in order to reveal the mathematical modeling competence levels of
the students, some sub-questions that could be instructive for the student were created
with the given problem. The questions were formed with two researchers working in a
similar subject area and the questions were finalized by taking the opinions of two
experts. These questions are presented below:

1. Express the problem in your own words.

Explain what information you need to solve the problem.

Explain mathematically how you will go for the solution of the problem.
Take appropriate actions for the solution of the problem.

How can you interpret your solution in relation to real life? Explain.

o g s w b

How can you be sure that your result is correct? Explain.

In pilot applications, the “Knowledge Contest” problem was applied to 25
students studying at the 7th grade level, the “Sleep Time” problem to 23 students, and
the “Reading Book” problem to 24 students. With the pilot study, necessary
arrangements were made in the areas that are not understood in subjects such as the
implementation period of the activities, the suitability and adequacy of the materials
used, the difficulties encountered in the application, and the language-expression of the
problems. For example, in the pilot implementation, it was decided to give 50 minutes
to each problem, taking into account the students’ problem-solving time and student
opinions. The problems were finalized in line with the opinions of two field experts.

Reading Comprehension Skills Test is a multiple-choice achievement test
consisting of 30 questions developed by Sert (2010) for 6th grade students and used to
measure students’ reading comprehension skills. Validity and reliability study was
conducted on 110 students by the same researcher. In this study, due to the small size of
the sample group in which the test was applied, the KR 20 reliability value of the test
was found to be .59 as a result of the statistics. This result is at a moderate level for the
reliability of the test (Hinton et al., 2004), showing that the test is reasonably reliable in
measuring reading comprehension skills. Although this achievement test was developed
for 6th grade students, it was also used at the 7th grade by Kacar (2015). In this study,
the purpose of selecting this test to measure students’ reading comprehension skills is to
consider that it is suitable for the study group students’ levels. In addition, this
achievement test was presented to the opinion of a teacher who attended the Turkish
lesson at the school where the study group was educated, and it was decided that it was
suitable for the levels of the study group students and the objectives of the subject that
they expected to acquire.
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Mathematical Modeling Activities consists of 7 mathematical modeling activities
prepared to be used in the application process of the research. Football League, Bekir’s
Birthday Party, Mystery of Unit Cubes, Cinema Hall, Electricity Saving and Rainfall
activities were prepared by the researcher, and Oil Spill activity was taken among
Programme for International Student Assessment (PISA) in 2012 pilot application
questions, considering that it is appropriate for the students’ level. Each of the activities
was presented to the opinion of two experts in the field and two researchers working in
the same field, and the activities were finalized in line with the opinions received. In
these activities, in order to reveal the mathematical modeling competencies of the
students, similar instructions and activity development procedures were used which are
also used in Pre-MMCT and Post-MMCT. Football League and Bekir’s Birthday Party
activities were applied to the students individually and it was observed that the students
had difficulties in the activities. Because of this, the Mystery of Unit Cubes, Cinema
Hall, Electricity Saving and Oil Spill activities were applied to the students in groups,
both in terms of the convenience they provide and to make the activities more enjoyable
for the students. The groups were formed with five for two of them and four for four.
The last activity, the amount of rainfall activity, was applied to the students individually
in order to see the competencies of each of the students in their modeling competencies
more clearly.

Below is an example of one of the activities used in the implementation process:

Figure 1
(Sample Activity): Electricity Saving
ELECTRICITY SAVING

According to statistics, per capita consumption is
3082 kwh of electricity in Turkey in 2017 with
80.81 million population.

According to this, “If each family in the country
saves the light of each room in their home for 1
hour, what kind of a reference will be the amount
of electricity consumption per individual per year?
How can you explain the contribution of this
situation to the economy of your country?”

(1 bulb consumes about 10 watts of energy per hour.1 kwh = 1000 watts)

The researcher prepared Modeling Activities Opinion Form to get the study
group’s general views on mathematical modeling activities at the end of the process.
This form consists of 6 open-ended questions such as “Did you have difficulty in doing
the activities? Which activity did you have the most difficulty in? Explain with the
reasons”, “How are these activities different from the math problems you generally
encounter? Please, explain”, “Do you think there is a relationship between these
activities and reading comprehension?”. A pool of questions was created using the
relevant literature and six questions were selected among these questions that could be
adapted to the sub-problems of the research. After the questions were made suitable for
the purpose of the research, they were presented to the opinion of two field experts.
After the necessary parts were changed, the final form was given to the opinion form.
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The purpose of using the opinion form in this study is to support the findings by
determining the general views of the students about the activities. Thus, it is aimed to
make the study more comprehensive by obtaining more detailed data about the
contributions of the applied activities to students.

The Researcher and Student Diaries were used to record the details of the
implementation of each activity throughout the implementation process. The aim of the
researcher diaries is to reveal the mathematical modeling competency processes that
students could not reveal on their activity papers. For example, it may not always be
obvious from the activity sheet whether the student verified, checked the found solution,
and corrected it if there is a mistake. It is more appropriate for the researcher to observe
the students during the activity and instantly note the places that is considered as
important in terms of the reliability of the results. Student diaries, on the other hand,
were used to provide data about the student’s views and opinions about that activity
after each activity.

Data Analysis

In the research, the maximum score that can be obtained from the reading
comprehension test was determined as 30, and the students’ reading comprehension test
scores were evaluated by giving 1 point for each correct question. Modeling
Competencies Evaluation Rubric was used to score the mathematical modeling
competencies of the students. Modeling Competencies Evaluation Rubric was
developed by Tekin-Dede and Bukova-Giizel (2014). In the rubric, the mathematical
modeling competencies were evaluated in six steps: understanding the problem (UP),
simplification (SI), mathematization (MA), working mathematically (WM),
interpretation (IN) and verification (VE). In this study, the minimum score for each
level was determined as “0” and the maximum score as “12”. For example, Level 1
corresponds to “0 points”, Level 2 to “4 points”, Level 3 to “8 points”, and Level 4 to
“12 points” in the simplification step evaluated at 4 levels.

In the first sub-problem of the study, Pearson Correlation Coefficient was used
to understand whether there is a meaningful relationship between reading
comprehension skill and mathematical modeling competence by using simple
correlation technique. When analyzing the relationship between the reading
comprehension skill and the scores obtained according to each sub-step of mathematical
modeling, the “Pearson Correlation Coefficient” was used for the steps in which the
scores were normally distributed, and the “Spearman Correlation Coefficient” was used
for the steps where the scores were not normally distributed. The qualitative data
obtained from student activity papers, diaries and opinion forms were analyzed
descriptively with a qualitative approach.

In order to find an answer to the second sub-problem of the study, the modeling
competencies of the students in the application process were examined according to
their reading comprehension skills and compared by means of column charts. Students’
modeling efficacy scores for each activity were determined again through Modeling
Competencies Evaluation Rubric. The students were divided into three different levels
of reading comprehension using the frequency table created by the researcher using the
scores obtained from the reading comprehension test. The frequency table of students’
reading comprehension levels is given below:
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Table 1
Frequency Table of Reading Comprehension Levels
Reading Comprehension Skill Score Range Number of Students
Level 1 12-17 4
Level 2 18-23 16
Level 3 24-29 6

While creating the frequency table, firstly, the range of the group was found by
taking the difference of the highest score and the lowest score from the test. In order to
make it easier to compare with column charts, the number of classes was determined as
three, and the class width was found by dividing the range by the number of classes.
Score ranges have been established according to the determined class size, and each
student is divided into levels according to the received score. The modeling score
averages taken from each activity were considered separately for students at each level.
In this way, in terms of reading comprehension skills for each activity, the mean scores
of mathematical modeling efficacy of level 1, level 2 and level 3 students were
determined and compared by means of column charts. In addition, the ideas and
thoughts of the students regarding each activity were recorded daily through the student
diaries throughout the process, and direct quotations were made from these collected
data in some parts of the study. The whole process was observed by the researcher and
notes were taken about the important parts. Since it is sometimes not understood from
the student papers whether the students have verified the solution that they have
obtained and corrected the parts that they found wrong, the taken notes were used to
understand whether the students performed the “Verification” step, especially of
mathematical modeling. In addition, the taken notes by the researcher were used to
understand that in which stages of the activities and why they had difficulties. Proximity
to the research area, collecting information directly and in the environment of the event
through observations, and the ability to go back to the field to confirm the findings and
having opportunity to collect additional information are important features in terms of
the validity of qualitative data in a study (Yildinm & Simsek, 2016).

Ethical Procedures

All procedures performed in this study involving human participants were in
accordance with the ethical standards of the institutional research committee. Before the
research started, the researcher applied the institutional ethics committee for ethical
approval. The ethical committee approval date is November 15, 2018 and the number of
the approval document is 111572.

Main Implementation Process

The research was carried out in a total of 9 weeks, including the 7-week
modeling activities implementation process (MAIP) and the one-week implementation
of the pre-test and post-tests. Before the seven-week MAIP, quantitative data on
students’ modeling competencies and reading comprehension skills were collected
through pre-tests. Later, MAIP was started and qualitative data were collected using
researcher and student diaries to reveal the students’ modeling competencies in detail.
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For quality teaching, it is essential to maintain a permanent balance between (minimum)
teacher guidance and (maximum) students’ independence (Blum, 2015). For this reason,
students were guided at a minimum level during the process, and they were mostly
encouraged to act independently. Teacher support was more in the first weeks of the
process. In the following weeks, teacher support decreased and student independence
increased. After the end of the process, the opinions of the students about the activities
were taken through Modeling Activities Opinion Form. Then quantitative data were
collected by performing post-tests. The application process of the research is presented
in Figure 2:

Figure 2
The Main Implementation Process of the Research
During Implementation
P - Modelling Activities
Before Lol cati Researcher and Student Diaries | After Implementation |
efore Implementation .
) . P ] . (Week 2-8) Post-Reading Comprehension |
Pr e-Readmg_ Comprehension I Skills Test
Skills Test |
Pre-MMCT Post-MMCT
. | Modeling Activities Opinion |
(Week 1) P Form
o y e N \ (Week 9)
/ Implementation - -
Process
S e
Findings

Findings on the Relationship between Reading Comprehension Skills and
Mathematical Modeling Competence

The relationship between students’ mathematical modeling competencies and
reading comprehension skills pre-test scores and post-test scores is given in Table 2
together with the sub-steps of mathematical modeling competencies:

Table 2

Pre-test and Post-test Scores for the Relationship between Reading Comprehension
Skills and Sub-Steps of Mathematical Modeling Competence

Pre-test Post-test
N r p N r p
Mathematical Modeling 26 247 223 26 .708 .000
S Understanding the Problem 26 379 .057 26 .613 .001
2 Simplification 26 229 261 26 537 .05
g_ Mathematicalization 26 182 372 26 592 .001
3 Working mathematically 26 159 439 26 644 000
% Interpretation 26 .057 782 26 529 .005
@ Verification 26 .188 .358 26 .563 .003
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When Table 2 is examined, it is seen that there is a low level positive
relationship between reading comprehension pre-test scores and pre-MMCT scores,
r=.247, p>.01. However, there is no significant relationship between these two
variables. Likewise, when analyzing the results of the analysis on the relationship
between the students’ pre-test scores in reading comprehension skills and each sub-level
of mathematical modeling, it is seen that there is a low-level positive relationship
between the students’ reading comprehension skill and the scores of each sub-step of
mathematical modeling competence. When the post-test scores are examined, it is seen
that there is a high level, positive and statistically significant relationship between
reading comprehension post-test scores and post-MMCT scores, r=.708, p<.01.
Accordingly, it can be said that as the reading comprehension skill increases, the level
of mathematical modeling competence also increases. Considering the determination
coefficient (r?=.50), it can be said that 50% of the total variability in mathematical
modeling competence is due to reading comprehension. When looking at the
relationships between the students’ reading comprehension post-test scores and the
scores of each sub-level of mathematical modeling competence, it is seen that these
relations are moderately, positively and statistically significant. In this case, it can be
said that as the students’ reading comprehension skills increase, the success levels of
each sub-step of mathematical modeling competence also increase.

In the interviews with the students at the end of the implementation process, the
students emphasized that in order to solve a mathematical problem or complete a
mathematical activity, the problem or activity in question should be understood
correctly and completely. The opinions of S20, S8 and S23 students who are at the level
1, 2 and 3 in terms of reading comprehension skills are presented below as an example:

S20: ... The events seem to call us to read a book. Because the more books we
read, the easier we can understand and make the questions...”

S20 student, who is at the level 1 in terms of reading comprehension skill, stated
that reading a book will make it easier to understand the questions, thus increasing the
success in modeling activities. Similarly, S8 stated her opinion as;

S8: “...Yes, it has a relation with reading comprehension. If we didn’t
understand what we read, we wouldn’t know what the problem is asking us.
For example, it wants us to explain the problem in our own words in the
question. If we cannot understand what we have read, we cannot answer that
question...”.

According to the S8 student who is at the level 2 in terms of reading
comprehension skill, solving a mathematical modeling problem depends on expressing
what is desired in the problem. S23 student expressed his opinion as,

S23: “...These activities have something to do with reading comprehension.
Because if we cannot understand what we are reading, we cannot know what
the problem requires from us and we cannot solve the problem. In order to be
successful in the activities, we must read books frequently so that we can
understand the problem when we read the problem...”.

S23 student, who was at level 3 in terms of reading comprehension skill, stated
that they could not know what is wanted in the problem without understanding what
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they read and emphasized the need to read books in order to understand the problems
better.

Development of Mathematical Modeling Competencies in the Process

The findings obtained in the context of this sub-problem are divided into two
parts so that they can be understood more easily by the reader. In the first part, each
activity was considered a case. The mathematical modeling competencies of students
with different levels of reading comprehension skills during the implementation process
were examined in detail with qualitative and quantitative findings. In the second part,
each mathematical modeling competence was considered a case, and it was attempted to
summarize how the development of mathematical modeling competencies progressed
through the seven activities according to the reading comprehension skill levels of the
students.

Examining the Development of Modeling Competencies according to Different
Reading Comprehension Levels on the Basis of Activity

Findings regarding the First Mathematical Modeling Activity. In the first
activity of the study, “Football League”, information was given about the points
obtained from the matches played in the football league, according to the status of
victory, draw and loss. and the students were asked to make possible predictions about
the score of their favorite team at the end of the 4th week of the league. As a result, by
the end of the 4th week of the league, they were asked to make possible predictions
about the score of their favorite team. The scores of the students, who were divided into
three levels according to the scores that they got from the reading comprehension test,
from the first modeling activity “Football League” are given in the Figure below
according to each sub-step of mathematical modeling:

Figure 3

Students’ Modeling Efficacy Score Averages in the I* Activity according to
Their Reading Comprehension Levels

Mean scores of 1st modelling activity
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As seen in Figure 3, the students’ average scores at the level 3 with the highest
reading comprehension skills, according to each step of the mathematical modeling,
were higher than the level 1 and level 2 students. The mean scores of mathematical
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modeling efficacy of the students at the level 2 were higher than the level 1 students
only in the verification step, and remained behind the level 1 students in the other
levels. When the opinions about the activity were examined, it was seen that male
students reported more positive opinions than female students. When looking at the
Figure, it is seen that the step in which students at all three levels have the highest
average is the “simplification” step. However, it is seen that students at all three levels
fail in the “interpretation” and “verification” steps. In the opinions taken from the
student diaries about this activity, it was seen that the students generally stated that they
had difficulty with understanding the activity. Figure 4 shows the activity sheet of the
S7 student at level 2 in terms of reading comprehension skill:

Figure 4
Activity Sheet of Student S7
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As seen in Figure 4, the student preferred to visualize his solution by drawing a
table. The student, who succeeded in understanding the problem, simplifying and
mathematical study steps, missed some of the possibilities that could occur and could
not complete the solution completely. The student was also unable to comment on the
solution and did not check the accuracy of the obtained solution. This situation shows
that the student is partially successful in this modeling activity.

Findings regarding the Second Mathematical Modeling Activity. In the
second activity of the study, “Bekir’s Birthday Party”, students were given three price
options for a drink order at a birthday party and were asked at least how many drinks
they should order in order for the second option to be more convenient than the others.
The student scores of this activity, which is also applied individually, are given in the
Figure below:
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Figure 5

Students’ Modeling Efficiency Score Average in the 2" Activity according to
Their Reading Comprehension Levels

Mean scores of 2nd modelling activity
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When Figure 5 is examined, it is seen that the students at level 3 are more
successful than the students at level 1 and 2, and the level 2 students than the level 1
students in terms of reading comprehension skill. Only in the “interpretation” level, the
averages of the students at level 2 seem slightly higher than the others. The reason for
this is that only one student at level 2 commented on the found solution. It is seen that
the students are weak in the interpretation step in this activity, as in the previous
activity. On the other hand, it is seen that there is a significant increase in the averages
of level 3 students in the “verification” level. When the averages are examined in
general, it is seen that the students at the level 1 and 2 have a higher mean score in the
“simplification” level, and the level 3 students in the “understanding the problem” and
“simplification” levels compared to the other levels. When the students’ opinions about
this activity were taken, it was seen that the students expressed more positive opinions
in this activity compared to the first activity. Figure 6 shows the activity sheet belonging
to student S6 who is at level 3 in terms of reading comprehension:

Figure 6
Activity sheet of student S6
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As can be seen in the Figure, the student tried the numbers of 10 by 10 in order
to find the number of drinks that would make the 2"@ option advantageous, and thus
reached the correct answer. It can be said that the student, who developed a way to
reach a solution, successfully completed the modeling process up to the mathematical
study level. However, the student could not interpret his solution and verify the obtained
solution. In this case, it can be said that the student partially completed the modeling
process in this activity. In addition, in this activity, it is seen that level 3 students
achieved a higher success in the activity compared to other students, and none of the
students at the level 1 could not come to the solution stage by creating a suitable model
for the solution of the problem.

Findings regarding the Third Mathematical Modeling Activity. In the third
activity of the study, “The Mystery of Unit Cubes”, students were asked to create
completely different rectangular prism models of 48-unit cubes. In order to make the
activity fun and to realize permanent learning, the students were divided into groups and
48-unit cubes were given to each group. The data regarding the student scores obtained
as a result of evaluating the students’ activity papers are shown in the Figure below:

Figure 7

Students’ Modeling Efficiency Score Average in the 3" Activity according to
Their Reading Comprehension Levels

Mean scores of 3rd modelling activity
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As can be understood from Figure 7, the mean scores of the level 3 students are
higher in the first four levels than the other students. In the “verification” step, it is seen
that the averages of the level 1 students are higher. In addition, it is seen that the
students failed in the “interpretation” stage in this activity. In addition, it is seen that the
students are generally successful in other steps except for the “interpretation” step.
When the students’ opinions about the activity were received, almost all of them stated
that they liked the activity. The reason was explained by using concrete materials and
working in groups. Figure 8 shows the activity sheet belonging to the student S20 at
level 1 in terms of reading comprehension:
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Figure 8
Activity Sheet of S20 Student
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As seen in Figure 8, student S20 wrote the width, length and height of the
rectangular prism models that can be created with 48 units of cubes. However, since
rectangular prism models that can be written on the student’s solution sheet are missing,
it cannot be said that the student has reached a complete mathematical solution. In
addition, in this activity, some students used visual figures while writing rectangular
prism models, while the student S20 wrote the values that only width, length and height
can take. The student, who could not interpret the solution, was able to verify his
solution by reaching the relation that the product of width, length and height is equal to
the volume of the rectangle.

Findings regarding the Fourth Mathematical Modeling Activity. In the
“Cinema Hall” activity, which is the fourth activity of the research, the students were
asked to find out how many square meters of space for a 300-person cinema hall in
accordance with the standards. Information such as how many seats will be in horizontal
and vertical rows, how wide the seat width or door gap should be, are left to the
students’ preference. Students were asked to obtain this information required for the
solution of the problem by assuming. In this activity, which was also implemented in
groups, the scores of the students according to different levels of reading
comprehension skills are given in the Figure below:

Figure 9

Students’ Modeling Efficiency Score Average in the 4" Activity according to
Their Reading Comprehension Levels
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As seen in the Figure above, the students with the highest average in the steps of
“understanding the problem”, “simplification” and “verification” were again at the level
3. The students who could not succeed in the “interpretation” level were also weak in
the “verification” level in this activity. The interesting situation that emerged in this
activity is that the students who have little interest in the lesson and who are at the level
1 in terms of reading comprehension skills have high averages especially in this activity.
Moreover, it is seen that these students are more successful in mathematical modeling
skills, except for “understanding the problem” and “interpretation” skills, compared to
students at level 2 in terms of reading comprehension skills. In this activity, in terms of
reading comprehension skill, the modeling step in which level 2 and 3 students achieved
the most success in general was the “understanding the problem” step, and the step
where level 1 students achieved the most success was the “simplification” step. In
Figure 10, a section is given from the activity sheet of student S16 at level 1:

Figure 10
Activity Sheet of S16 Student
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In this activity, the student S16 made a reasonable assumption about the number
of seats that should be in a horizontal and vertical row, but it was seen that student did
not follow a logical path in solving. In this case, it can be said that the student made
missing assumptions and formed an incomplete model. Considering the student diaries,
it was seen that the students generally stated that they had difficulty in the activity, and
the reason for this was that they had trouble in forming assumptions.

Findings regarding the Fifth Mathematical Modeling Activity. In the
“Electricity Saving” activity, which is the fifth activity of the process, students were
asked to find the annual amount of electricity savings if each family in the country saves
1 hour from the lights of the rooms in their home. The population of the country and the
amount of energy consumed by a light bulb per hour were given to students as
additional information, and information such as the number of households in the
country and the number of rooms in each household was left to the student’s preference
and they were asked to make assumptions about this. The Figure with the mean scores
of mathematical modeling competence according to the reading comprehension skill
levels of the students is given below:
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Figure 11

Students’ Modeling Efficiency Score Average in the 5™ Activity according to
Their Reading Comprehension Levels
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As seen in Figure 11, students at the level 1 in terms of reading comprehension
skill, except for “simplification” and “interpretation” skills, showed higher success in
other mathematical modeling skills compared to the students at the level 2 and 3 in this
activity. In addition, from the student diaries at the levels 2 and 3 regarding this activity,
it was seen that these students stated that they had difficulty in forming assumptions as
in the previous activity and therefore they did not like the activity.

The fact that the mean score of all students in the “understanding the problem”
level is higher than the mean score in other steps in this activity indicates that they
understand the problem but have difficulty in reaching a solution. In Figure 12, the
activity sheet of the student S25 who is at the level 2 in terms of reading comprehension
is given:

Figure 12
Activity Sheet of Student S25
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As can be seen in the Figure 12, the student made a reasonable assumption for
the solution by determining the average number of people in the family as 4 and the
total number of rooms in a family of 4 people as 4 (The house, bathroom, entrance, etc.
locations are not taken into account).

Findings regarding the Sixth Mathematical Modeling Activity. In the “Oil
Spill” activity, the sixth activity of the implementation process, students were asked to
find the area where the oil spilled as a result of the puncture of an oil tanker spread to
the sea. Although the students who could not compare the area where the oil spreads to
the shapes, they are familiar with, such as square or rectangle, had difficulty at the
beginning of the activity, they tried to find the area of the shape by trying to compare it
to a square or rectangle. The mean scores obtained by students from each step of
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mathematical modeling according to their reading comprehension skill levels are given
in the Figure below:

Figure 13

Students’ Modeling Efficiency Score Average in the 6" Activity according to
Their Reading Comprehension Levels

Mean scores of 6th modelling activity
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As seen in the Figure 13, the students with the highest average in the levels of
“understanding the problem”, “mathematization” and “mathematical study” were level 3
students, while the level 1 students at the “interpretation” step and the level 2 students at
the “verification” step had a higher mean score than the other students. Moreover, in
terms of “interpretation” and “verification” efficacies, level 1 students were more
successful than level 3 students. The solution sheet of the activity of student S13 who is

at the level 2 in terms of reading comprehension is given in Figure 14:

Figure 14
Activity Sheet of Student S13
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As seen in the Figure 14, the student thought of the shape as a square and
calculated its area by measuring the length of one side with a ruler. The student’s
assumption that the shape is square and the measurements made with a ruler ensured
that the student’s estimated result was close to the truth.

Findings regarding the Seventh Mathematical Modeling Activity. In the
seventh activity of the process, the students were asked to estimate the total amount of
precipitation in 2019 by giving the annual rainfall figure between 1981-2016 in their
province. In this individually implemented activity, the students did not experience any
difficulties in understanding the problem step, but had difficulties in creating a
mathematical model. The mean scores obtained by the students from each step of
mathematical modeling according to their reading comprehension skill levels are given
in the Figure below:

© 2021 AKU, Kuramsal Egitimbilim Dergisi - Journal of Theoretical Educational Science, 14(4), 605-637.



624 Yasemin ALKAN & Mehmet AYDIN

Figure 15

Students’ Modeling Efficiency Score Average in the 7" Activity according to
Their Reading Comprehension Levels

Mean scores of 7th modelling activity
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Looking at the Figure 15, it is seen that the modeling step in which all of the
students are most successful in general is the “understanding the problem” step, and the
level 3 students have the highest average in every step of mathematical modeling. In
addition, this activity, which is applied individually to the students, reveals how the
development of mathematical modeling competencies of the students progressed
compared to the first activity.

Below, sample opinions taken from activity papers belonging to three level
student groups are presented to interpret the problem:

Figure 16
A Section from the Activity Sheet for “Interpreting the Problem” of the Student
S17
5) Coziimitintizii giinliik hayata uygun bir sekilde yorumlayimiz. L
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Student S17, who is at the level 1 in terms of reading comprehension skill,
answered the instruction question corresponding to the interpretation step of
mathematical modeling as above. The comment made by the student as “For example,
when it rains a lot, it can damage the fields” is realistic and logical as well as short and
insufficient. In Figure 17, the comment of the student S25 at the level 2 of the same
activity is seen:

Figure 17
A Section from the Activity Sheet for “Interpreting” the Problem of Student S25
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As can be seen in the Figure 17, the student said, “Every living thing needs
water. Without water, living beings would die. But crops are sometimes exposed to high
rainfall and they get very expensive because they are less”, is more revealing than the
previous student’s comment. In addition, this student justified his interpretation
different from the previous student. The opinion of the student S19, who is at the level 3
in terms of reading comprehension skill, taken from the activity sheet for “interpreting”
the problem is presented below.

Figure 18
A section of the S19 Student s activity sheet for “interpreting the problem”

H&)&, d (e Q\SHCJ eiin etfilien Sonrm

80315:0 fWG« \cc«cQ‘ Cf@amﬁm‘ Bhoin 6’+’V\<@Q

\ktn\ing\s\ (“)c« ek~ Med'e@(‘oleﬂi qurm/arm-A é\f\ S

Mi L Aarin f(‘qf/m')m o) ‘bf Bmaller 1@?: X

Vhaadels  cifteina ralmin ;;u gis best - AAslinn o 9|
C(jr*nuf ege  Josm L:-Sﬂ aL OaCajam B’mc,s‘&m\

Suﬁ‘ e wamnentar Ired e j"5”’)d‘ Lom{)mc\@ WIY\:

yNeres colo)l

SJF)‘O(

In the Figure above, the interpretation of the solution that student S19 at the
level 3 has made is given. The student stated through saying “There may be examples
such as a farmer living in a village trying to predict how much rain will fall after
planting a crop or meteorologists predicting the amount of rainfall. Finding the
estimated rainfall allows the farmer in the village to predict that their crops will be
abundant if there is rain that year, or less. It enables meteorologists to warn the public
about rain” where the solution he obtained could be used in daily life and what kind of
benefits it provided. The given examples support the view that students with advanced
reading comprehension skills are generally more successful in mathematical modeling
activities.

Change of Mathematical Modeling Sub-Competences According to
Reading Comprehension Levels
The findings on how each mathematical modeling sub-competence of students at

different levels in terms of reading comprehension skills changed during the application
process are discussed below.

The Status of the Students in terms of Understanding the Problem
Competence. The change in the students’ competence to understand the problem during
the application process is presented in the column chart below.
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Figure 19

Change in Understanding the Problem Competencies according to Students’
Reading Comprehension Level

Mean scores for the understand the problem competence
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As seen in the Figure 19, the scores of the students’ level of understanding the
problem in the last five activities increased significantly compared to the first two
activities. However, although the last activity was applied individually, the students’
scores of understanding the problem were roughly similar to the previous activity
scores. In addition, in all activities except the activity 5, level 3 students had a higher
mean score in the level of understanding the problem than the other students

The Situation of the Students in terms of Simplification Competence. The
change in the simplification competencies of the students during the application process
is presented in the column chart below.

Figure 20

Change in Simplification Competencies according to Students’ Reading
Comprehension Level

Mean scores for the simplification competence
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Together with the level of understanding the problem, this step was the modeling
step in which the students achieved the most success compared to the other steps. On
the other hand, it is observed that there is no regular development from the first activity
to the last activity. It is seen that the students got higher scores in the activities 3 and 6
in the simplification step. In parallel with this, it was seen that the students gave more
positive opinions about these activities in the process. When looking at the Figure 20, it
can be seen that level 3 students generally have a higher mean score in the
simplification step than other students.
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The Status of Students in terms of Mathematicization Competence. The
change in the simplification competencies of the students during the implementation
process is presented in the Figure below.

Figure 21

Change in Mathematicization Competencies according to Students’ Reading
Comprehension Level

Mean scores for the mathematicization competence
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It is observed that the development of students in the mathematicalization step
from the first activity to the last activity does not follow a regular course. In this
modeling step, it is seen that the activities with the highest scores are the activities 3 and
6 as in the previous step. Looking at the Figure, it can be seen that the level 3 students
generally have a higher mean score than the other students in the mathematization step.

The Status of Students in terms of Mathematical Work Competence. The
change in the mathematical study competencies of the students during the
implementation process is presented in the column chart below.

Figure 22

Change in Mathematical Work Competencies according to Students’ Reading
Comprehension Level

Mean scores for the mathematical work competence
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When the Figure 22 is analyzed, it is seen that the achievement scores of all
three levels of student groups have increased compared to the first two activities. In all
activities except activities 4 and 5, it can be seen that level 3 students have higher mean
score success than other students.

Status of Students in terms of Interpretation Competence. The change in the
interpretation competencies of the students during the implementation process is
presented in the column chart below.
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Figure 23

Change in Interpretation Competencies according to Students’ Reading
Comprehension Level

Mean scores for the interpretation competence
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As can be seen in the Figure, there has been an increase in the interpretation step
mean score of the students in the last three activities. As a matter of fact, it has been
observed that most of the students devote the entire time remaining after reaching the
solution stage in a given modeling problem to completing and checking the solution.

Some students stated that they forgot to interpret after completing the solution in
the process. As a matter of fact, the students did not experience time problems in the
activities carried out by the group in the process, and they needed more time in
individual activities. In the last individually applied activity, some students stated that
they allocated the entire time to the solution and to check the solution and that they
could not find time to interpret.

Status of Students in terms of Verification Competence. The change in the
verification competencies of the students during the application process is presented in
the column chart below.

Figure 24

Change in Verification Competencies according to Students’ Reading
Comprehension Level

Mean scores for the verification competence
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When the Figure is examined, it is seen that the activity with the highest mean
score in the verification step is the activity 3, in other words the “Unit Cubes” activity.
On the other hand, when looking at the last four activities, it can be seen that the total
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verification scores of the students increased in general. As a matter of fact, it is seen that
the students at the level 3 in the verification step in the activities 1, 2 and 7 implemented
individually have higher scores.

Discussion and Conclusion

In this study, the effect of MAIP on mathematical modeling competencies of
students with different levels of reading comprehension skills was examined. The first
sub-problem of the study examined the relationship between students’ reading
comprehension skills and their mathematical modeling competencies. As a result of the
analysis, it was observed that there was a positive, low level relation between the scores
of reading comprehension skills and mathematical modeling competence before the
process, and a positive, high-level relationship between the scores of reading
comprehension skills and mathematical modeling competence after the process. In
addition, reading comprehension skill scores were associated with each step of
mathematical modeling and it was seen that this relationship was significant for each
step. This finding shows that the mathematical modeling competencies of students with
advanced reading comprehension skills are also more advanced than other students. The
reason why this relationship is higher in post-test scores compared to pre-test scores can
be explained by the fact that students who encounter mathematical modeling problems
for the first time may follow similar ways in solving the problems; therefore, the levels
of modeling competence of students at different levels in terms of reading
comprehension skills have not yet differed from each other. Ural and Ulper (2013)
evaluated the reading comprehension skill and mathematical modeling competence of
prospective teachers through the “understanding the problem” step in their studies. They
stated that the prospective teachers who were successful in the “understanding the
problem” step, one of the mathematical modeling steps, understood what they read well.
In addition, Biccard (2010) suggested that the failure of students with poor
mathematical skills to complete some mathematical modeling tasks is related to their
reading level and reading comprehension. However, it was stated that this link was
beyond the scope of Biccard’s work and should be considered as a complete study on its
own. Plath and Leiss (2018) also investigated the effect of linguistic complexity on
solving mathematical modeling tasks in their studies with middle school students. They
stated that reading comprehension greatly influenced the creation of an appropriate case
model and the successful solving of a mathematical modeling task. Krawitz et al.
(2017), on the other hand, concluded that, contrary to expectations, reading
comprehension does not have much effect on mathematical modeling performance and
stated that the reason for this may be related to the fact that the modeling problems they
present to students are challenging even for students with a good understanding. The
results obtained from the studies in general support the view that there is a relationship
between mathematical modeling and reading comprehension skills.

In the second sub-problem of the study, the development of mathematical
modeling competencies of the students was evaluated according to their reading
comprehension level. The mathematical modeling competencies of the students, who
were divided into three levels according to their reading comprehension test scores,
were analyzed from the first activity to the last activity and comparisons were made.
The first two activities were applied individually and as expected, the students at the 3rd
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level were more successful. However, students at the 1st level in the first activity
showed more success than the 2nd level students. This can be because students at the
2nd level are mostly girls and are less familiar with football than boys (All of the
students in the 1st level are boys.). The third activity was held in groups at the intensive
request of the students, and students generally progressed in all sub-levels except the
interpretation step. In this activity, 3rd level students achieved more success in the first
four steps of mathematical modeling. The fourth, fifth and sixth activities were also
carried out in groups, as the students achieved success in this group activity. In the
fourth activity, 3rd level students were generally more successful, but in this activity
they were weak in the verification step compared to the previous activity. The fact that
this activity requires more complex operations compared to the previous activity can be
shown as a reason for this situation. In addition, in this activity, it was observed that
students also had difficulties in making assumptions. When it comes to the fifth activity,
it is seen that there is an increase in students’ success in the interpretation step. In this
activity, it is striking that 1st level students are more successful in the UP, MA, WM
and VE levels than other students. It can be said that working in groups has a significant
effect on the success of 1st level students. The fact that 3rd level students are less
successful may be due to the fact that this activity includes crowded operations. As a
matter of fact, it was understood from the students’ opinions taken at the end of the
activity that the students did not like the activities with crowded operations. 3rd level
students were generally more successful in the sixth activity. In addition, it is seen that
there is a significant increase in the interpretation step in this activity. The last activity
was applied individually in order to observe the progress of the students more clearly. In
this activity, it was observed that 3rd level students were much more successful than
other students, while 1st and 2nd level students’ achievement levels were almost close
to each other. In this activity, it is also seen that there is a significant improvement in
the interpretation step of the students.

Another point that should be emphasized in the study is that students are more
successful in the activities they like. When students’ favorite activities are considered, it
is seen that there are activities that do not involve complex operations, such as “The
Mystery of Unit Cubes” and “Oil Spill”. They disliked activities such as “Cinema Hall”
and “Electricity Saving” that required much mathematical processing. This finding
provides important data on how the activities should be in order to develop a positive
attitude towards students’ mathematical modeling activities.

If the development of mathematical modeling sub-competencies of students is
examined in the process, it will be seen that 3rd level students are more successful than
other students in general. This finding shows that reading comprehension skill affects
not only the level of understanding the problem, but also the success in other sub-levels
of mathematical modeling. Ozsoy et al. (2015), also found in their study that students’
problem-solving skills vary according to different reading levels. On the other hand,
another remarkable finding in the study is that the steps in which students show the
highest success are “understanding the problem” and “simplification™ steps, and the
steps they have the lowest success level are “interpretation” and “verification” steps.
Tekin-Dede and Yilmaz (2015) also observed in their study with 6th grade students that
students experienced the most difficulties in the interpretation and verification stages.
Yurtsever (2018) also reached a similar result by observing a decrease in the modeling

© 2021 AKU, Kuramsal Egitimbilim Dergisi - Journal of Theoretical Educational Science, 14(4), 605-637.



Investigating the Change in Middle School Students’ Mathematical... 631

competence of students from understanding the problem to the verification step in her
study. Similar findings can be found when the international literature is examined
(Blum, 2011; Ji, 2012; Maal}, 2006). One of the reasons for the low level of success in
the interpretation step is that students finish the solution after finding the answer to the
problem in classical math questions, therefore they are not used to interpret the answer.
In addition, many students stated that they forgot to interpret the solution after the
activity was ended. During the process, some students stated that they did not know
how to associate with daily life, comment, or express the interpretation after they
obtained the solution. It was observed that students also had difficulties making
assumptions, again due to the absence of classical mathematical problems. This
situation may be due to the inability of students to develop their expression and
prediction skills due to the lack of reading habits, and also to the difficulties they
experience in associating the solution of the problem with daily life due to the limited
socio-cultural environment in rural areas.

Implementations

In the light of the findings obtained from this study, the following
implementations are made:

Increasing the use of mathematical modeling activities in lessons and providing
teachers in-service training on mathematical modeling may be beneficial in terms of
effective teaching and permanent learning. In addition, due to the absence of a control
group and the limited number of students in this study, it is thought that more
experimental studies, especially with a control group, are needed to examine the
relationship between mathematical modeling competencies and reading comprehension
skills. In this respect, it is recommended to conduct research at different grade levels
related to the subject.

Considering that students like activities with less complex operations more,
students who are new to mathematical modeling can be recommended to apply activities
that will improve their skills, such as understanding the problem, reasoning, making
assumptions, and making comments, instead of activities involving complex operations.
In fact, activities can be designed specifically to develop each mathematical modeling
sub-competency. For example; As seen in this study, considering that students failed
especially in interpretation and verification stages while solving mathematical modeling
problems, it is recommended that teachers apply mathematical modeling activities based
on interpretation in their lessons. In order to overcome the deficiencies in interpretation
skills of the students, cooperation can be made, especially with Turkish course teachers.
In addition, considering that students are more successful in activities in which they
work in groups, it is recommended to implement the activities in groups.

Considering the relationship between mathematical modeling competencies and
students’ reading comprehension skills, it can be said that the failure of some students in
mathematical modeling processes is due to their difficulties in reading comprehension.
In this regard, it is recommended to take more effective steps to improve students’
reading comprehension skills. It should not be forgotten that reading comprehension is
the basis for understanding and solving a problem, and it should be ensured that
teaching practices that increase the level of reading comprehension are given to students
from primary school years.
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It is recommended to prepare activities that can be given as homework to
students who are at a low level in terms of reading comprehension skills to benefit from
modeling activities. Care should be taken that these activities are aimed at
understanding the problem and do not contain crowded operations that will distract the
student from the activity and the lesson. In addition, since the problems in the existing
textbooks do not appeal to modeling too much, it is recommended to change the
textbooks to create textbooks that include mathematical modeling activities suitable for
different levels and to create teacher guide books that contain instructions on how to
apply the activities.
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ABSTRACT: It was aimed to examine pre-service teachers’ developing understandings of doing statistics within a
lesson study. It was focused on their understandings (i.e., content knowledge) of doing statistics as well as how they
transform their understandings (i.e., content knowledge) into teaching practices (i.e., knowledge of student &
knowledge of teaching) while designing and implementing lessons related to graphs. Three senior pre-service
teachers participated in a two phase (university and school classroom) lesson study. Data were collected through
lesson plans prepared by the pre-service teachers in groups, observations, field notes, semi-structured interviews and
video and audio recordings of the group meetings and instructional implementations. Results showed that they did not
consider doing statistics as it consisted of many inter-related components initially. Their understandings developed
greatly as they designed lesson plans, discussed the concepts and reflected on their lesson plans and instructional
implementations. Their starting to put statistical questions into the center of doing statistics became an important
turning point that affected their conceptions related to other themes (e.g., collecting data, interpreting graphs). It was
also observed that their understandings related to doing statistics impacted their teaching practices.

Keywords: Doing statistics, teaching graphs, lesson study, pre-service teachers, middle school grades.

OZ: Bu calismada o6gretmen adaylarimin istatistik yapma konusundaki anlayiglarinin ders imecesi/arastirmasi
baglaminda incelenmesi amaclanmistir. Ogretmen adaylarmin istatistik yapma siirecindeki anlayislarmin (alan
bilgisi) grafiklerle iliskili ders planlarken ve uygularken nasil degistigi ve nasil dgretim pratiklerine doniistiigiine
(6grenci ve 0gretim bilgisi) odaklanilmigtir. Calismaya {i¢ son smif 6gretmen adayr katilmis, iki agamadan olugan
(tiniversite ve gercek okul) ders imecesi/arastirmasi uygulamasi gerceklestirmislerdir. Ogretmen adaylar tarafindan
grup halinde hazirlanan ders planlari, gézlemler, alan notlari, yar1 yapilandirilmis goriismeler ve grup toplantilarinin
video ve ses Kayitlar1 ve ogretim uygulamalar araciligiyla veriler toplanmustir. Ogretmen adaylar1 baslangigta
istatistik yapma siirecinin birbiriyle iliskili birgok bilesenden olustugunu disiinmemislerdir. Ders planlari
tasarladikca, kavramlar hakkinda tartigtikca anlayislart gelismis; bu gelisim ders planlart ve Ogretimsel
uygulamalarma biiyiik 6l¢iide yansimustir. Istatistiksel sorular istatistik yapmanin merkezine koymaya baslamalari,
diger temalarla ilgili fikirlerini (6rnegin, veri toplama, grafikleri yorumlama) etkileyen 6nemli bir doniim noktasi
haline gelmistir. Ayrica istatistik yapmakla ilgili anlayislarinin 6gretim uygulamalarini dogrudan etkiledigi de
gdzlemlenmistir.

Anahtar kelimeler: istatistik yapma, grafiklerin 6gretimi, ders imecesi/arastirmasi, 6gretmen adaylari, ortaokul
seviyesi.
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The increasing need for statistics has led to increased awareness of the
importance of this field (Eicher & Zapata-Cardana, 2016). This awareness has also been
reflected in education and “how the teaching and learning of statistics should be” has
become one of the important research topics (Batanero et al., 2011; Shaughnessy, 2007).
Even though there are similarities between statistics and mathematics, some
fundamental differences gave rise to the need to address the learning and teaching of
these fields separately (Garfield & Ben-Zvi, 2004; Groth, 2007). Although mathematics
Is used in statistics, non-mathematical issues (e.g., deriving meaning from data by using
context) also play an important role in doing statistics (delMas, 2004; Groth, 2007;
Rossman et al., 2006). This gave rise to the recognition that the statistics needed for
teaching contain different information than teaching mathematics. Researchers have
pointed out that this knowledge should be defined (Groth, 2007; Moore, 1988).

Four components of doing statistics are emphasized for learning and teaching
statistics: (1) formulating questions, (2) data collection, (3) analyzing data and (4)
interpreting results (Bargagliotti et al., 2020; Carver et al., 2016; Franklin et al., 2005;
Ministry of National Education [MoNE], 2018; National Council of Mathematics
[NCTM], 2000). Formulating questions refers to identifying the problem situation and
defining the question(s) that can be answered by data (Franklin et al., 2005). At the
heart of a statistical research, there are questions that can be answered by collecting and
analyzing data (Arnold, 2008). The questions should allow data collection (English et
al., 2017; NCTM, 2000), contain a specific purpose (Graham, 2006) and related to a
context. Also, the features of the group from which data will be collected should be
clearly explained when formulating questions (English et al., 2017). Data collection is
another component of doing statistics. This involves making and implementing plans to
gather appropriate data (Schwartz, 2008). Selecting the most suitable and efficient data
collection methods and collecting data appropriately are important skills in statistics. On
the basis of the questions, decisions should be made about the variables (e.g.,
achievement, preference, etc.), data collection tools (e.g., observation, interview,
questionnaire) and the population and sampling methods (Bargagliotti et al., 2020;
Franklin et al., 2005). In addition, issues such as reaching the target population and
ensuring the independence of observations are important points to be taken into
consideration (Bargagliotti et al., 2020). Analysis of the data, another component of
doing statistics, involves selecting and applying suitable data analysis methods
(Bargagliotti et al., 2020; Franklin et al., 2005). Organizing data in terms of tables and
graphs, calculating measures of central tendency and measures of dispersion are
necessary in order to answer the research questions (MacGillivray & Pereira-Mendoza,
2011). The last component of doing statistics is interpreting results. At this component,
meanings are derived from the findings and they are associated with the research
questions asked at the beginning (Franklin et al., 2005). The interpretation process is
made up of two levels (Curcio, 1987; Friel et al., 2001). The first level is reading
between the data, where the reader tries to make sense of the data by performing
guantitative comparisons (larger, less) and mathematical operations (addition,
subtraction, multiplication, division). The next level involves reading beyond the data.
At this level, the information in the graph and the reader's previous knowledge are
integrated, and from here, expansions, inferences, and predictions are made (Curcio,
1987; Friel et al., 2001).
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All components of doing statistics has been emphasized and specific
expectations related to doing statistics as a research process were stated on the current
middle school mathematics curriculum (MoNE, 2009, 2013, 2018). However,
researchers argue that the components of doing statistics are usually covered separately
in instructional practices, which could constraint students to develop statistical
understandings (English, 2014; Giiven et al., 2015; Hacisalihoglu-Karadeniz, 2016; Oz,
2019; Pfannkuch, 2005). Numerous studies have reported that both teachers and pre-
service teachers consider concepts and ideas related to statistics as separated (Batanero
et al., 2010; Burgess, 2001, 2002; Chick & Pierce, 2008; Giirel, 2016; Heaton &
Mickelson, 2002; ljeh, 2012; Kurt, 2015; Leavy, 2006; Mercimek, 2013; Reston et al.,
2006; Santos & Ponte, 2014; Sorto, 2004), which might influence their teaching of
statistics. For instance, Sorto (2004) revealed that pre-service teachers had difficulty
associating the questions they formulated with graphical representations. Likewise,
Batanero et al. (2010) observed that only one-third of the pre-service teachers who
participated in their study were able to associate their comments with the formulated
question while interpreting the graphs. Several studies have also revealed that both pre-
service and in-service teachers focused on procedural aspects such as drawing graphs or
making calculations correctly rather than emphasizing and relating the components of
doing statistics (Chick & Pierce, 2008; Heaton & Mickelson, 2002; ljeh, 2012;
Mercimek, 2013; Reston et al., 2006).

Students need more opportunities to formulate questions, collect data and
interpret results based on the formulated questions to develop statistical thinking skills
(Ader, 2018; Makar & Fielding-Wells, 2011). This requires that pre- and in-service
teachers have the knowledge and skills related to the components of doing statistics
(Heaton & Mickelson, 2002; Makar & Fielding-Wells, 2011). Teachers’ having the
necessary knowledge and skills to develop these understandings undoubtedly plays an
important role in the success of the targeted statistics education (Carver et al., 2016;
Franklin et al., 2015; Van de Walle et al., 2010). For teacher educators, how pre-service
teachers will acquire this knowledge and skills is an important problem because the
teaching-learning process has a more complex structure than it is thought (Grossman et
al., 2009; Hiebert et al., 2007; Morris et al., 2009). At this point, it is very important to
develop learning environments that allow pre-service teachers to practice as well as to
acquire theoretical knowledge (Zhang & Cheng, 2011). Although experiences in
university classrooms offer valuable insights, they are usually limited in developing
knowledge and skills provided by real classroom environments (Cohan & Honigsfeld,
2006; Grossman et al., 2009). The lesson study model allows pre-service teachers to
work collaboratively in planning, implementing and evaluating lessons toward a
common goal. In this way, the model facilitates teacher knowledge and skills (Borko,
2004; Fernandez, 2005; Meyer & Wilkerson, 2011; Murata, 2010; Wright, 2009;
Yamnitzky, 2010; Zhang & Cheng, 2011).

This study aimed to examine pre-service teachers’ developing understanding of
doing statistics within a lesson study that lasted for three months. We focused on their
understandings (i.e., content knowledge) of doing statistics as well as how they
transform their understandings (i.e., content knowledge) into teaching practices (i.e.,
knowledge of content and student & knowledge of content and teaching) while
designing and implementing lessons related to graphs. The study's findings could
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inform researchers about teacher learning of doing statistics and how their
understandings could evolve with practice in the university and real-classroom
environments. In this way, findings could also reveal ideas for teacher educators in
structuring pre-service teacher education programs.

Method

Holistic single-case study was utilized. The case examined in this study is the
group of three pre-service teachers who conducted three lesson study cycle in their last
year of the undergraduate program training middle school mathematics teachers.
Criterion sampling was used when selecting the participants. Among 12 pre-service
teachers who completed the required content and pedagogical content courses (e.g.,
statistics and probability, methods of teaching mathematics) and volunteered to
participate in the study, Gamze, Sirin and Beyza® were selected for in-depth analysis.
The interviews and small group work at the beginning of the study showed that this
group took more active roles and expressed themselves better than other volunteers.
They also demonstrated typical difficulties and conceptions reported in the literature
(e.g. focusing on the procedural aspects, ignoring the process of doing statistics). The
fact that the great majority of the students attending teacher education programs are
females resulted in all the participants of the current study being females. The group
focused on seventh grade learning objectives related to graphs: (1) Constructs a pie
graph of a data set and interprets it (2) Constructs a line graph of the data and interprets
it and (3) Shows the data related to the research questions with a suitable representation
(pie graph, a frequency table, a bar graph or a line graph) and makes conversions
between the representations. The pre-service teachers were expected to design, conduct
and revise three lesson plans during the spring semester of the 2016-2017 academic
year. They were asked to prepare lesson plans according to a format with four
components: learning activities, expected student responses, teacher’s responses, goals
and methods of evaluation (Figure 1).

Figure 1
Sample Lesson Plan

Learning activities Expected student | Teachers'responses Goals and methods of
responses evaluation

e — - ———— I
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Then each group member implemented one lesson plan primarily in the
university classroom and then in the real middle school classroom. The lesson plans
were conducted by Gamze, Sirin and Beyza, respectively. After each implementation,
the lesson was evaluated and revised by the group members. For the university
implementation, both researchers (the first and the second author) and other pre-service
teachers in the program participated in and evaluated the implementation of the lesson.
For the real middle school classroom implementation, the first author and the mentor
teacher were present and evaluated the implementation with the group members. This
procedure can be seen in Figure 2.

Figure 2
Lesson Study Model (Adapted from Zhang & Cheng, 2011)
e — T e N T o T

implementation implementation implementation

/N7 N7 N

7.Reuision evision 7.Revision
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U AU L S

6. Evaluation 6. Evaluation 6. Evaluation
(Replan) (Replan) (Replan)

\ 5.Resl / \ ¢ Real / \ o el /
dassroom classroom classraom

implementation implementation implementation

Lesson Study 1 Lesson Study 2 Lesson Study 3

Instructional activities in the university and real classroom environment as well
as the meetings for planning, evaluating and revising the lesson plans, were video-
recorded and transcribed into documents. Lesson plans prepared by the pre-service
teachers, video-recorded and transcribed lesson study meetings (for planning,
implementation and evaluation) and classroom instructions (university implementation
and real classroom implementation), semi-structured interviews, observation forms
filled out by the observers, field notes taken by the first author and reflective papers
written by the pre-service teachers were used as data collection tools. Data collected by
these tools are used to describe pre-service teachers’ decisions and actions reflecting
their initial and evolving understandings at each phase of three lesson study cycle.

The descriptive analysis method was employed. Each cycle of lesson study
depicted in Figure 2 (plan, university implementation, evaluation, revision/replan, real
classroom implementation, evaluation, revision/replan) was analyzed separately. We
analyzed the group’s all instructional decisions (implemented or ignored) and actions
related to teaching statistics. For instance, we examined the tasks and activities they
designed to introduce the topic, the questions they asked the students to explore the
topic as well as their explanations and responses to students’ questions. We first coded
these instructional decisions and actions to describe how the pre-service teachers
address each component of doing statistics (i.e., formulating statistical questions,
collecting, analyzing and interpreting data) when designing and implementing lessons.
Interpreting these codes within and across each component of doing statistics (i.e.
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formulating statistical questions, collecting, analyzing and interpreting data) revealed
some themes as important understandings for teaching statistics. For instance,
understanding the role of context emerged as a new theme related to each component of
doing statistics. Likewise, understandings related to variable type emerged as another
theme. We observed that pre-service teachers struggled with designing and
implementing lesson plans when they did not take into account the role of context and
variable type and decided to include these themes as necessary understandings for
teaching statistics.

Furthermore, understanding the roles of graphs emerged as another theme since
the pre-service teachers were aimed to teach graphs in the lesson study. Therefore,
seven themes emerged: understandings related to the (1) statistical questions, (2) data
collection, (3) the role of graphs, (4) the role of context, (5) variable type, (6) graph
construction and the elements of the graph and (7) reading and interpreting graphs.
Under each theme, we also explored whether and to what extend pre-service teachers
transform their understanding into teaching practices. Finally, analyses from each cycle
of lesson study were compared to seek any changes and development in pre-service
teachers’ understandings of doing statistics and teaching practices.

Various measures were taken to ensure the validity and reliability of the data.
Purposive selection of the participants and the use of different data collection tools are
thought to have strengthened the transferability of the study and contributed to
credibility and dependability. In addition, presentation of the data collection and data
analysis processes to the reader through detailed explanations can be argued to have
contributed to not only the transferability and dependability of the study but also to its
confirmability. The code list was created by the authors together. The first author coded
the raw data (documents and observations) at different periods (at an interval of three
months). The rate of agreement between these two coding was found to be 90%. In
addition, an expert coded twenty-five percent of the data, and the inter-coder reliability
was found to be 85%. On the points where there was disagreement in the coding, the
authors and the expert were discussed together and reached a consensus. Thus, it can be
argued that the current study satisfies the criterion of validity (Miles & Huberman,
1994). On the basis of these results, it can be said that the current study is credible and
dependable.

Ethical Procedures

Ethical approval was sought from Provincial Directorate for National Education,
the participating school and university for video-recordings of the teachers to be used in
the study. Also, the name of prospective teachers remained anonymous. The ethical
committee approval date is May 2, 2016 and the number of their approval document is
35853172/433-1358.

Results

Findings of the study are presented under seven themes emerged: understandings
related to the (1) statistical questions, (2) data collection, (3) the role of graphs, (4) the
role of context, (5) variable type, (6) graph construction and the elements of the graph
and (7) reading and interpreting graphs. Under each section, we described the groups’
understandings and how they transformed their understanding into instructional
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practices. In order to depict the development observed over the phases of three lesson
study cycles, findings are summarized in tables with sample criteria related to each
theme.

Understandings Related to the Statistical Questions

The development of pre-service teachers’ understandings and their instructional
practices related to statistical questions are summarized in Table 1.

Table 1
Understandings Related to the Statistical Questions

1%t Lesson Study 2" Lesson Study 3 Lesson Study

Criteria ucC RC ucC RC ucC RC

Thinking and discussing about - - - ~ - N
statistical questions

Supporting students to formulate - - - \ \ \
their own statistical questions

Including a problem statement or - - - \ - \/
a purpose in the tasks

Supporting students to establish - - - \ \ \
the relationship between the

questions formulated in the task

and the type of graph

UC: University classroom environment
RC: Real middle school classroom environment

In the lesson study related to the first objective (constructing and interpreting pie
graph)?, it was observed that the pre-service teachers did not take into consideration the
fact that doing statistics starts with statistical questions. They presented a bar graph and
asked students to construct the same data with a pie graph without any reason or
purpose. Their statements such as “let’s convert the bar graph into a pie graph”
(University Planning-Lesson study 1) indicate their lack of attention for the purpose of
drawing graphs. Even after the expert (the second author) emphasized the need for a
purpose by stating, “Why do we construct a pie graph? We need to think about it.” the
pre-service teachers did not make any revisions on their plans. Likewise, they didn’t
consider statistical questions as they planned for the second objective (constructing and
interpreting line graphs)?. Sirin made an introduction to the lesson by saying, “Let’s
suppose | present you 5-day average temperatures of a city. | want to express this data
in a graph. What kind of graph should I use?” (University Implementation-Lesson study
2). The expert, again, brought up the fact that there should be a purpose: “For what
purpose do we use statistics? Why do we compare here [temperatures]?” (University
Evaluation-Lesson study 2). After the evaluation meeting, pre-service teachers revised
the task as follows:

IConstructs a pie graph of a data set and interpret it (71 grade).
2Constructs a line graph of the data and interpret it (7grade).
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Figure 2
Revised Task-Lesson Study 2
“Uncle Hasan will plant a vegetable in his garden. In order to get the highest yield from this vegetable, the

temperature change should be the least for 2 days after the day it is planted. Below is the weather forecast for the
next 14 days. Let's find the best days for Uncle Hasan to plant.”

1 2 3 4 3 2] 7 & Y 10 11 12 13 14
20°C | 23°C | 23°C | 22°C | 19°C | 23°C | 26°C | 24°C | 25°C | 26°C | 25°C | 23°C | 20°C | 24°C

Here, the question pre-service teachers formulated is structured around a
problem statement and includes an objective. During the implementation in the real
classroom environment, Sirin asked questions to test whether a bar graph would be
suitable for answering the question as shown below:

Real Classroom Implementation-Lesson study 2

Sirin: Now, which graphs have we learned?

Student: Bar graph, pie graph, tally, frequency table.

Sirin: Yes, we have learned these graphs. So, what kind of graph was the bar graph? Let’s
construct a bar graph. Let’s see whether it is a suitable graph for these data or for the thing [ am
exploring [i.e., which days are the best days to plant]?

By asking questions, Sirin encouraged students to consider the problem as well
as the relationship between the problem and the type of graph to be used. Even though
the pre-service teachers began to understand the role of statistical questions, developing
a deeper understanding seems to take more time and experience. The task they designed
for the third objective (selecting and converting representations)! did not include a
problem situation and purpose at first: “The table presents favourite school subjects in
the class 7/A. Construct the appropriate graph according to the table. Select three
school subjects, interpret their status and find the percentages.” After the
implementation in the university classroom, the lack of a statistical question (a problem
or a purpose) in the task came up as an issue again. The group revised the task to
include a problem statement and a purpose: “The table presents favourite school
subjects in the class 7/A. The teacher wants to know whether mathematics is a popular
subject in the school. Construct the appropriate graph according to the table. Interpret
the status of mathematics and two school subjects you selected.” The revised task was
formulated around a question: “Is math a favourable school subject among students?”’
This revision shows that even though pre-service teachers still struggle with thinking
and discussing about statistical questions, they began to design instructional tasks
including a problem statement or a purpose for collecting or analyzing data with some
help.

Understandings Related to the Data Collection

The development of pre-service teachers’ understandings and their instructional
practices related to data collection are summarized in Table 2.

1Shows the data related to the research questions with a suitable representation (pie graph, a frequency table, a bar
graph or a line graph) and makes conversions between the representations (7" grade).
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Table 2
Understandings Related to the Data Collection

1%t Lesson Study 2™ Lesson Study 3 Lesson Study

Criteria uc RC uc RC uc RC

Relating data collection with - - - - -
statistical questions

Taking into account decisions about - - - - - -
data collection (e.g., data collection
tools, selecting participants)

Allowing students to think about - - \ \ \ \
collected data

Simulate simple data collection with \/ - - i . .
students

UC: University classroom environment,
RC: Real middle school classroom environment

With regard to the first lesson plan related to constructing and interpreting pie
graphs, the group included an activity to collect data. In the university classroom
implementation, Gamze asked students about their favorite football team and made a list
on the board. Even though she attempted to show students the process of data collection,
she neither made explicit connections with the formulated question or purpose nor the
selection of the participants. After this issue was discussed in the evaluation meeting,
pre-service teachers revised their lesson plan for the real classroom implementation.
Rather than collecting data in the classroom, Gamze showed students the data set and
asked them how it could have been collected. However, she did not let students think
about the data collection process and immediately responded to her own question:
“Now, do you know how we obtained these data? [without waiting for student
response] You know we are enrolled in a university. | asked my classmates. The data
belong to them...” Here, students did not have opportunities to explore and discuss
important elements of the data collection process (e.g., data collection tools, selecting
the participants). After the evaluations on the first study lesson, pre-service teachers
began taking more attention to let students think about data collection. During the real
classroom implementation, Sirin asked the students how the data might have been
collected and waited for the students’ responses.

Real Class Implementation-Lesson study 2

Sirin: Now you can see the 14-day temperature change [pointing to the data on the board.]
How do you think we have obtained the data? Let’s first talk about it.

Student: You may have obtained from the weather forecast.
Even though these instances show some progress in their understanding of data
collection, they failed to explore detailed analysis of data collection and to relate the
data collection process with the question formulated in all three lesson study cycles.
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Understandings Related to the Role of Graphs

The development of pre-service teachers’ understandings and their instructional
practices related to the role of graphs are summarized in Table 3.

Table 3
Understandings Related to the Role of Graphs

1%t Lesson Study 2" Lesson Study 3 Lesson Study
Criteria ucC RC ucC RC uC RC
Taking into account the role of \ \ Y \ \ \
graphs as organizing and
representing data
Taking into account the role of - \ - \ \ \

graphs in answering statistical
questions

1
1
1
<
<
<

Designing tasks to explore how
different types of graphs display
data differently

1
2

1

1
2
2

Supporting students to compare
different types of graphs in
relation to the formulated
statistical questions

UC: University classroom environment
RC: Real middle school classroom environment

The pre-service teachers were observed to be focusing on the roles attributed to
the graphs as tools for organizing and representing data. They ignored graphs’ role as
tools for answering statistical questions. For instance, when one student asked why they
need to learn about line graphs in addition to pie graphs, Gamze explained that each
type of graph provides a different way of representing data. She, however, did not focus
on why it is important to represent data in different ways. This case shows that pre-
service teachers have not understood that different types of graphs allow us to represent
data in different ways, which helps us answer different statistical questions. This issue
was discussed after the implementation. The pre-service teachers revised their lesson
plan to explain that line graphs make it possible to compare changes in data sets. The
revised plan also emphasized the idea that pie graphs allow us to see the ratio of parts to
the whole data set. These explanations show that the pre-service teachers started to
realize that pie and line graphs are tools for representation and tools for answering
statistical questions. In the real classroom implementation, Gamze provided the
opportunity for students to think about the function of the pie graph. When one student
based her reasoning for using pie graphs on angles, Gamze emphasized that pie graphs
make it easy to see the relationship between the part and the whole.

For the second objective, the pre-service teachers wanted to focus on the fact
that line graph allows seeing the change in a data set. They decided to show students a
line graph representing temperatures of a city and ask questions about the changes of
temperatures. Sirin’s statements such as “Why do you think we connect them [points of
change]?” and “You can see the decrease [in temperature] more easily in this way,
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can’t you? For example, from Monday to Tuesday, it [the temperature] decreased”
illustrates her effort to make the role of line graph as a tool to show change more
explicit for the students.

Despite these instances, it was observed that the pre-service teachers still
struggled with their understandings of graphs as tools to answer statistical questions into
their teaching practices. For instance, one student suggested using a bar graph to
represent the data (i.e., temperatures of a city). Her reasoning was that they could also
see the change with bars. Here, Sirin merely confirmed her suggestion rather than using
this opportunity to associate the role of graphs with the statistical question asked at the
beginning. Here, the student’s suggestion could have been used to explore the elements
of line and bar graphs in relation to answering particular statistical questions: “lines are
connecting the points to examine changes,” whereas “height of bars help us to compare
frequencies of categories.” After implementing the lesson, the group discussed the
statistical questions that can be answered by line graph. In the revised plan, they decided
to ask the students to compare the problems that could be answered with a bar graph
with the problems that could be answered with a line graph.

In the lesson planning meetings and implementations about the third objective, it
was observed that the pre-service teachers focused more on the fact that graphs are tools
to respond to statistical questions. During the university implementation, when Beyza
noticed that students focused on the keywords while determining the suitable type of
graph, she guided the students to think about the problem statement. The related section
of the lesson is presented below.

University Implementation-Lesson study 3

Student: For example, when there is a temperature change or population change, | can use the
line [graph].

Beyza: Homm. Only for temperature or population? What is important here, the temperature or
the change [of the temperature]?

Student: The change.

Beyza: Yes, when you want to show something is changing [you’ll use line graph].

Here, Beyza asked questions to understand if students focused on keywords
when selecting the type of graph. Then she emphasized the necessity of making
connections with a problem statement or a purpose. In the real classroom
implementation, Beyza noticed that a group of students had difficulty understanding the
roles of bar and line graphs. She asked questions such as “When | construct a bar graph,
what can | see? What can we see in the line graph?” to help students focus on the
distinctive characteristics each type of graph has. These findings show the development
of groups’ understandings about the role assumed by graphs in answering the
formulated question.
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Understandings Related to the Role of Context in Doing Statistics

The development of pre-service teachers’ understandings and their instructional
practices related to the role of context in doing statistics are summarized in Table 4.

Table 4
Understandings Related to the Role of Context in Doing Statistics
1%t Lesson Study 2" Lesson Study 3 |esson Study

Criteria uc RC uc RC uc RC
Designing tasks involving - - - \ \ \
meaningful contexts leading
to statistical investigation
Considering students’ - - - \ \ \
overgeneralizations related
to common contexts in
statistical investigations
Designing tasks to reveal - - - \ \ \

and overcome students’
overgeneralizations related
to common contexts in
statistical investigations

UC: University classroom environment
RC: Real middle school classroom environment

While the pre-service teachers were planning their lessons in relation to the first
objective, they considered the context highly restricted. For example, they included the
following questions in their lesson plan “Who supports which football team? If we
organized and showed your responses on a graph, which graph would you use?”
(University Plan-Lesson study 1). Even though the task constitutes a context related to
daily life, it does not include a meaningful purpose: why do we need to know who
supports which football team? Who wants to know this data? This approach caused
them to experience difficulty when one student asked whether they could use a pie
graph for representing a data set involving temperatures of a city. The following excerpt
shows Gamze’s response to the student:

University Implementation-Lesson study 1
Student: How about using a pie graph for displaying temperature?

Gamze: You mean using a pie graph for displaying temperature? Tell me, what degrees of
temperature [asking for the data]?

Student: Let’s say -2 and 5 degrees [in Celsius].

Gamze: Himm, are these for two different days? Do you think that representing these values [in
pie graph] would be meaningful? Here [referring to the pie graph], we can see the number of
people [referring to frequencies], can’t we? For instance, the largest sector shows the highest
number of people [frequency]. Here, how would | show 25 degrees [of temperature] [on pie
graph]?

Student: That means we cannot use the pie graph for every case, can we?
Gamze: Yes. Each graph is suitable for certain cases.
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Here Gamze’s conception of context is limited to a case or a situation (e.g.,
temperature of a city, favourite sport teams) and data. Hence, she could not produce a
new problem statement related to the given context that may require displaying data
with pie graph.

While thinking about a context for the second objective, pre-service teachers
paid great attention to the variable type and their being realistic. Yet, they still ignored
the problem statement and purpose. Like the first study lesson, they presented a data set
with a real-life situation without any problem statement or purpose (i.e., constructing a
line graph for degrees of temperature of a city). After the evaluation of the delivered
lesson, they revised the context around a certain goal (i.e., finding the best days for
Uncle Hasan to plant his vegetables). During the implementation, Sirin asked students
in which situations the use of a line graph would be suitable and evaluated students’
responses by emphasizing the use of line graphs as displaying the change.

While determining contexts related to the third objective, the pre-service
teachers tried to avoid typical contexts and attended to students’ common
misconceptions. They stated that “Everybody thinks that votes should be represented on
a pie graph. We selected this context on purpose; we wanted them to learn that when
necessary, votes can be shown with a bar graph.” (University Evaluation-Lesson study
3). The task is presented as follows.

Figure 3
University Implementation-Bar Graph-Lesson Study 3

.. middle school vote counts for school president

Candidates Vote count
Pelin 78

Veli 57
Alparsian 99

él-‘gsf 127

In the table, the number of votes for the school president candidates in the _.. middle school is given. According
to these data, draw a graph where you can compare the data and determine the president and vice president by
looking at the graph.”

Though the task includes a problem statement, the expression “compare the
data” hints for students to construct a bar graph. Yet, the pre-service teachers’
addressing an overgeneralization (i.e., the number of votes are represented with a pie
graph) can be seen as a development from an instructional point of view.

During the university implementation, Beyza wanted students to present sample
contexts for using different types of graphs. She talked about the importance of purpose
when deciding the most suitable type of representation and stressed that the type of the
variable is not the only criterion to be taken into account. During the implementation,
the pre-service teachers observed that students tend to match certain contexts with
certain types of graphs. In order to prevent these generalizations, they allowed students
to discuss the context and the problem situation related to the context. While a line
graph can be used when the change in the population is questioned, a bar graph is more
suitable to represent the distribution of population across the years.
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Understandings Related to the Variable Type

The development of pre-service teachers’ understandings and their instructional
practices related to the variable type are summarized in Table 5.

Table 5
Understandings Related to the Variable Type

1%t Lesson Study 2" |_esson Study 3 |esson Study

Criteria uc RC uc RC uc RC

Considering the type of the variable \ \ \ \ \
as an important criterion in data

analysis (i.e., in selecting the

appropriate graphic representation)

Evaluating variable type within the - - - \ \ \
context of the formulated question

Considering students’ - - - \ \ V
overgeneralizations regarding the

relationship between the type of

variable and the type of graph

Designing tasks to reveal and - - - \ \ \
overcome students’

overgeneralizations regarding the

relationship between the type of

variable and the type of graph

UC: University classroom environment
RC: Real middle school classroom environment

The pre-service teachers designed the tasks and activities based on the idea
that “quantitative (numerical) variables are represented with a line graph and
categorical variables are represented with a pie or a bar graph.” When designing the
lesson for the first objective, they mainly took into account the type of the variable.
They know about variables (categorical or quantitative (numerical)) and used this
criterion to decide which type of graph to use. Since they did not formulate a question
initially, they disregarded the purpose of displaying data with graphs. Even though
taking into account the type of variable is not false while deciding the most suitable type
of graph, the pre-service teachers overlooked that some variables can be measured as
categorical or quantitative (numerical) depending on the question. For example, a
quantitative variable can be converted into a categorical variable depending on the
question formulated by the researcher. Thus, while deciding the suitable type of graph,
the type of the variable should be evaluated within the context of the question. This lack
of knowledge on the part of the pre-service teachers resulted in their inability to answer
the questions asked by students during the implementation. For example, one of the
students asked “Can we convert all the bar graphs into pie graphs?” (University
Implementation-Lesson study 1). Gamze stated that because the variable given [degrees
of temperatures] is continuous, using pie graph would not be suitable. Here she
overlooked the fact that depending on the question and purpose, we could measure or
convert data [degrees of temperatures] into a suitable form and use a pie graph. During
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the reflection meeting, it was revealed that the pre-service teachers are of the opinion
that a data set involving degrees of temperature should always be represented with a line
graph because it is a continuous variable. Even though this issue was discussed, the
group did not make any changes in their lesson plans and real classroom
implementations.

With regard to the second objective, the pre-service teachers decided to
introduce line graphs by making connections with bar graphs that students already
knew. However, their conception about the relationship between variable type and
graph type led them to focus on continuity of the variable and did not take the question
or purpose into consideration. After the students had drawn the line graph, Sirin drew
attention to the continuity of the variable. She stated that the bar graph is suitable for
categorical variables and the line graph is suitable for quantitative (numerical) variables.
However, her examples (representing the number of supporters for football teams with a
bar graph; degrees of temperature in a day with a line graph) could have resulted in
overgeneralization. She did not mention that the variables could be represented with
different types of graph depending on the question or the purpose. This lack of
understanding was observed in their responses to students’ questions as well. For
instance, when one of the students asked whether line graph is suitable to represent the
precipitation rate, Sirin responded “Yes, as it is a quantitative variable, it can be used.”
In her response, she merely focused on the type of variable. After this instance was
reminded and discussed in the evaluation meeting, they began to realize that while
deciding on the type of graph, taking the variable type into account is not enough on its
own. Sirin wrote in her reflection journal that “I realized that I had been wrong about
where to use the line graph. In this implementation, we learned that the line graph can
be used with variables that are not continuous, that we need to decide depending on the
question and that basically in situations where change can be observed, the line graph
can be used.”

Related to the third objective in the real classroom implementation, Beyza asked
students, “Can I show the weight [of a group of people] with a bar graph?” With this
question, she intended to make students realize that weight can be represented with a
bar graph when necessary. The pre-service teachers stated that students would
overgeneralize weight as a continuous variable, and thus they felt the need to ask such a
question. This instance also shows that the pre-service teachers considered the
difficulties experienced by students and structured their implementations accordingly.
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Understandings Related to the Graph Construction and Elements of the
Graph

The development of pre-service teachers’ understandings and their instructional
practices related to the graph construction and elements of the graph are summarized in
Table 6.

Table 6
Understandings Related to the Graph Construction and Elements of the Graph

1%t Lesson Study 2™ Lesson Study 39 Lesson Study

Criteria uc RC uc RC uc RC

Understanding and relating basic - - - N, N N
elements of different types of graphs

Attending to student difficulties in - - - \ \ \
drawing graphs

Guiding students to draw graphs - - -

Supporting students to think about and - - -
relate basic elements of different types
of graphs

UC: University classroom environment
RC: Real middle school classroom environment

In general, the pre-service teachers were observed to know the basic elements
constituting a graph (e.g., bar heights, axes, scaling, lines, pie sectors). This caused
them to think that the students also knew these elements. Therefore, they either did not
focus on or implicitly mentioned these elements. Over time they realized that they
needed to talk about these elements more explicitly. For instance, during the
implementation of real classrooms, Beyza observed that one group of students construct
the graph without paying attention to equal scaling. The dialogue below shows her
guidance to the group:

Real Classroom Implementation-Lesson study 3

Beyza: Could we directly put the values like this [values not at equal intervals]? You put the
values at equal intervals [referring to leaving equal space among different values].

Student: No, we can’t.

Beyza: Then, how should we do? Look. Here, they wrote 57, then 63. Then they would write
68 with leaving the same interval between values. Can we do it like this? Then you will write
here 127.

Student: So, can we write it like 57, 67,877
Beyza: Yes, it can be. Why not. For example, you place the data at equal intervals like 10, 20,
30... and then put the remaining data somewhere in-between them.
Here, it is seen that Beyza asked questions that would lead students to think
about how scaling should be done. We, however, did not observe an explanation or
discussion about why equal scaling is important.
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Implementations showed that pre-service teachers also struggled with
understanding the basic elements of graphs in a given context. For instance, during the
university implementation, Sirin asked which type of graph could be used to represent
degrees of average temperature of a city for five days. Students stated that as the
degrees of temperature may take negative values, a pie graph would not be suitable for
representing these data. The dialogue below shows the class discussion.

University Implementation-Lesson study 2

Sirin: 1 will present average degrees of temperature of a city for five days. | want you to show
this with a graph. Which graph do you think I should use?

Student: I think we cannot use a pie graph because it might take negative or positive values.
But can we show this [referring to negative values] in a pie graph?

Sirin: Yes, a very good explanation. If there is a negative degree of temperature, using a pie
graph seems to be a bit difficult.

In this example, Sirin seems to have experienced difficulty in understanding
what a sector of a pie meant for this data set (i.e., degrees of temperature). She
overlooked the fact that each pie sector represents the number of observations of each
category (e.g., number of days with -5°C), that is, the frequency. She tried to represent
values (e.g., -5°C) rather than frequencies with sector of a pie chart that leads her to
reach an unreasonable conclusion. After the evaluation meeting in which this issue was
brought up, the pre-service teachers emphasized what the whole of a pie graph and each
sector represents in the real classroom implementation.

Understandings Related to Reading and Interpreting Graphs

The development of pre-service teachers’ understandings and instructional
practices related to the reading and interpreting graphs is summarized in Table 7.

Table 7
Understandings Related to Reading and Interpreting Graphs
1%t Lesson Study 2" Lesson Study 3 esson Study

Criteria ucC RC ucC RC ucC RC
Relating findings from graphical - - - - \ \
representations with formulated
questions
Asking questions for the purpose S \ \ \ \

of reading between data (i.e.,
compare and explore data within
the graph)

Asking questions for the purpose - - - - - -
of reading beyond data (e.qg.,

making generalizations and

predictions)

UC: University classroom environment
RC: Real middle school classroom environment
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Pre-service teachers did not put much emphasis on reading tables and graphs.
Even though Gamze pointed out that students may only focus on the points and ignore
the values between them when reading the line graph, the group did not consider her
idea when designing the lesson. Their understandings related to the interpretations of
graphs mainly included reading between the data without taking into account the
purpose of the questions. There were no instances observed related to reading beyond
the data. For the first objective related to pie graphs, they planned to ask students
questions to compare the categories/groups. Even though comparing categories
presented in a pie graph is not incorrect, such interpretations could be made through bar
graph as well. What makes pie graph distinct as a tool to represent data is that it allows
us to see the relative contribution of each category within the whole data set. Below is
presented the related section from the lesson environment.

University Implementation-Lesson study 1

Gamze: By looking at this graph, what can you tell about which person has the largest number
of siblings, about numbers such as fewer or more? Look at them and try to interpret them.

Student: For example, half of 20 is 10.There are 9 person having one sibling. The sum of two
siblings and three siblings is also 9 persons. | added and found 18.

Gamze: Correct, can you make comments such as this is more and that is less?
Student: The number of those having one sibling is more than those of the others.

After the discussion at the reflection meeting, pre-service teachers decided to
include explorations of the contributions of each category within the whole data set. In
real classroom implementation, Gamze emphasized that some points that could not be
clearly seen in the bar graph could be seen better in the pie graph or vice versa. In the
third lesson study, the pre-service teachers focused more on interpretations of the graphs
and made comments associated with the statistical question. For instance, when one
student made a comment that would be more suitable for a bar graph instead of the pie
graph, the pre-service teacher reminded the purpose of using pie graphs and make the
student realize that the pie graph allows interpretation about the meaning of the related
part within the whole.

Discussion and Conclusion

One of the important findings of the current study is that the pre-service teachers
did not see the process of doing statistics as consisted of many inter-related components.
In particular, they did not consider that doing statistics starts with formulating questions
and that the question affects the subsequent processes such as collecting data, selecting
types of data display and interpreting graphs. This lack of understanding caused them to
design superficial and disconnected tasks and activities. For instance, when they
addressed an objective related to drawing graphs, they merely focused on the procedural
aspects (e.g., drawing it correctly). They did not consider issues such as which statistical
questions were sought to be answered or how data would have been collected. The fact
that the pre-service teachers did not put the process of making statistics into centre
while structuring their lessons, and that they focused on operational issues such as
creating graphs and making statistical calculations are parallel to the findings that have
been reported and emphasized in the literature (Chick & Pierce, 2008; Garfield & Ben-
Zvi, 2008; Heaton & Mickelson, 2002; ljeh, 2012; Lee et al., 2014; Reston et al., 2006).
It is stated that even experienced teachers structure their lessons by focusing on
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statistical calculations (Quintas et al., 2014). The prior experiences with learning and
doing statistics that were not structured in a way to support the statistical process might
have paved the way for the emergence of such results (Ar1, 2010).

Teachers’ and pre-service teachers’ lack of understandings related to doing
statistics have been widely emphasized by prior research (Burgess, 2007; Espinel et al.,
2008; Hannigan et al., 2013; Koleza & Kontogianni, 2016; Sorto, 2004). A number of
studies have found that pre-service teachers and teachers disregarded the context when
working with data sets and deciding on the appropriate graph type and associated the
data with operational procedures (Burgess, 2002; Chick & Pierce, 2008). Likewise, in
the current study, pre-service teachers demonstrated some misunderstandings and
overgeneralizations related to the role of context in doing statistics which impacted their
use of graphs in doing statistics. Conceptions such as “contexts involving continuous
variables are represented with line graphs” and “data with low frequency is
represented by bar graphs, data with high frequency is represented by pie graphs.”
impacted their decisions and actions when they designed and implemented lessons.
These findings are in agreement with Burgess’s (2007) findings which showed that pre-
service teachers, who did not have a learning experience where the context is in the
nature of statistics and questions are formulated according to the context, see statistics
as formulas and calculations, and take certain generalizations into account when making
inferences (Burgess, 2007).

The pre-service teachers’ initial ideas and understandings developed gradually as
they designed lesson plans, discussed about the concepts and reflected on their lesson
plans and instructional implementations. In particular, they realized that doing statistics
starts with a question that can be answered by collecting and analyzing data; and the
question affects all components of doing statistics. The pre-service teachers’ starting to
put formulating questions into the centre of doing statistics became an important turning
point significantly affected their conceptions related to doing and teaching statistics. For
instance, while they initially viewed graphs as tools to represent data differently; they
began to view graphs as tools to answer a statistical question. Such an understanding
enabled them to compare and contrast different types of graphs in relation to answering
particular questions. As a result, while deciding on the type of graph suitable for a data
set, they took into account not only the type of the variable but also the questions
addressed. Likewise, they began to think about the context of the tasks in relation with a
statistical question addressed by collecting and analyzing data. Pre-service teachers also
found opportunities to challenge their misunderstandings and overgeneralizations
related to the role of context and type of variable as they designed and implemented the
lessons. Also, the aspects of doing statistics that they initially did not consider but
observed in students’ work triggered the expansion of their understandings and teaching
practices.

Throughout the study, we observed several instances that they transformed their
understandings into teaching practices. For instance, with the understanding of the role
formulated questions play in doing statistics, pre-service teachers began to evaluate
tasks and context of the tasks in relation to a problem situation, a purpose or a question.
They also revised their utterances (e.g., explanations, questions) in lesson plans and
instructional implementations to emphasize the role of question in doing statistics. They
began to create opportunities for students to think about the problem and the question
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presented in a statistical situation. In addition, they brought the role of graphs as tools to
answer a statistical problem to the fore and asked questions to make students think in
this direction. During the study, the pre-service teachers also realized that data
collection is a part of doing statistics and needs to be included in the instruction. Asking
students questions about how data could have been collected could be considered as an
example of transforming their understanding into their teaching practices. As they
became more aware of the importance of the data collection process, they began to pay
greater attention to the use of real-life data, which could improve statistical thinking
(Garfield & Everson, 2009).

The changes observed in the pre-service teachers’ understandings and their
teaching practices could be attributed to several factors enabled by the lesson study that
they participated. The literature has been pointed out that pre-service teachers’ working
with students is an effective tool to foster their development (Ball & Cohen, 1999; Ball
& Forzani, 2009). The questions asked, explanations made and responses given by the
students during the instructional implementations were found to have helped the pre-
service teachers transform their understandings into teaching practices. Implementations
provide guidance to the pre-service teachers about the points that students might have
difficulty with (ljeh, 2012). In this study, the participants began to consider students’
thinking when selecting tasks and structuring the instructional moves. For instance,
when choosing the context of the task, they considered situations that may cause over-
generalizations (e.g., votes are represented by pie graph). They began to take into
account possible student reactions, conceptions, or mistakes. Experiences in real
classroom implementations, especially unexpected situations, emerged during the
implementations, and discussions and reflections on these experiences enabled them to
reconsider their assumptions about students’ thinking.

Research suggests that classroom activities should be designed in such a way as
to put a great emphasis on the process of doing statistics (Garfield & Everson, 2009;
Green & Blankenship, 2013; Heaton & Mickelson, 2002; Visnovska & Cobb, 2019). In
the current study, a discussion was conducted with the pre-service teachers about the
components of doing statistics before the lesson study. Yet, it was observed from the
initial implementations that such a discussion was not very meaningful for them. When
they started to work on instructional practices, the discussions conducted at the
beginning became more meaningful to them. When they designed lesson plans,
conducted instructional implementations and talked about these practices, they became
personally involved in the process and gained a greater awareness of doing statistics.
Namely, their personally experiencing of the process by means of designing and
conducting instructional implementations in both the university and real classroom
environments can be seen as an important key point supporting the development of the
pre-service teachers’ understandings and teaching practices.

Evaluation of the lessons is emphasized to be one of the important factors
allowing teachers and pre-service teachers to see the deficiencies in their lessons and
compensate for them (Hiebert & Morris, 2012; Santagata et al., 2007). In this study, the
pre-service teachers’ discussion in groups and discussions conducted in the university
and real classroom environments after their presentations to overcome the problems
they experienced can be seen as other key points. These discussions facilitated the pre-
service teachers to take different perspectives and allowed them to share information as
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well. For example, the question asked by the expert, “Why do you draw a pie graph?
You need to think about this.” encouraged the pre-service teachers to think about their
knowledge related to the formulation of questions. Thus, such experiences can be seen
as another important factor triggering information exchange among them (Guskey,
2003; Hiebert et al., 2003) in developing understandings and teaching practices.

When all the lesson study cycles are evaluated together, it is seen that though the
changes mentioned above were observed in the pre-service teachers’ understandings,
they still demonstrated difficulties in producing effective lessons for teaching graphs.
For instance, they were observed to have difficulties designing tasks with meaningful
problem situations or statistical questions, associating the data collection and
interpretation of the results with the questions formulated. These findings support
literature that the transition of subject knowledge into pedagogical content knowledge
requires considerable time and effort and changes are not immediate (Friel & Bright,
1998; Fullan, 1991). It can be said that throughout the lesson study process, the authors
did not present an instruction or intervene in planning activities. The pre-service
teachers received feedback only after the implementation of the lesson plans in the
university and in the real classroom settings. A more structured lesson study process
along with an instruction focused on teaching graphs can make a greater contribution to
the development of knowledge. Due to the difficulties involved in planning both the
university and real classroom applications, the number of the participants was kept
limited, which is another limitation of the current study. In addition, limited physical
and technological conditions in real classroom settings did not allow the inclusion of
technology in the instructional implementations. This can also be seen as another
limitation of the study.

It can be thought that this study contributes to the literature by revealing the
development of pre-service teachers’ understandings of doing statistics. In this regard,
the current study is believed to guide researchers in developing content for both in-
service and pre-service teacher training programs. The results of this study indicate that
doing statistics should be put into the center of the content of the courses. Moreover, the
programs should allow pre-service teachers to carry out activities and practices to make
sense of this process. Components of lesson study such as planning, implementing,
revising and evaluating contributed to the development of the pre-service teachers’
understandings. In particular, implications in university classrooms and real middle
school classrooms support learning in theory and practice. At this point, attention
should be paid to school-university cooperation and curriculum developers are
suggested to design courses that will allow pre-service teachers to practice in real school
environments.
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ABSTRACT: According to co-constructivism theory, learning is a social activity. Students are expected to find
many opportunities at Science lessons to construct their collective culture and co-construct their culture since science
lessons tend to collaborate. This study aims to develop a scale that measures the co-constructivist environment at 7t
and 8™ Grades science courses. For this reason, the scale developed by the researchers has been applied to 238 7" and
8™ grade students. Exploratory Factor Analysis has been applied for 47 items. As a result of factor analysis, 20 items
have been omitted, and the remaining 27 items have been grouped into five factors. These factors explain 64.371% of
the total variance. Cronbach Alpha value of the scale is .950. The values of item-total and item-remaining correlation
are significant (p<.01). Moreover, the item discrimination value obtained from the difference between mean points of
bottom and top 27% of the groups is significant. As a result of confirmatory factor analysis, goodness of fit indexes
are seen to be acceptable (RMSEA=.084; AGFI=.70; SRMR=.064; CFI=.91; NNFI=.09, 4*/sd=1.93). It was found
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OZ: Birlikte yapilandirmacilik teorisine gore 6grenme sosyal bir aktivitedir. Fen derslerinin dogasi is birligi egilimi
gosterdiginden, ogrencilerin Fen derslerinde kolektif kiiltiirlerini olusturmak ve kendi kisisel kiiltiirlerini birlikte
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ortamim Olgen bir 6lgek gelistirmeyi amaglamaktadir. Bu nedenle arastirmacilar tarafindan gelistirilen 6lgek, 238 7.
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aciklamaktadir. Olgegin Cronbach Alpha degeri .950'dir. Bu bulgular 1s181nda 6lgek gecerli ve giivenilirdir. Madde-
toplam ve madde-kalan Korelasyon degerleri anlamlidir (p<0.01). Ayrica gruplarin %27'lik alt ve iist puan
ortalamalar arasindaki farktan elde edilen madde ayirt etme degeri anlamlidir. Dogrulayict faktor analizi sonucunda
uyum iyiligi indekslerinin kabul edilebilir oldugu goriilmektedir (RMSEA=.084; AGFI=.70; SRMR=.064; CFI=.91;
NNFI=.80, y%/sd=1.93). Nitel sonuglarin da nicel calismanin sonuglariyla cogunlukla Srtiistiigii bulunmustur.

Anahtar kelimeler: Birlikte yapilandirmacilik, fen egitimi, 6lgek gelistirme, agimlayici faktor analizi, dogrulayict
faktor analizi.

* A short text of this study was presented in “Hands-on Science, Advancing Science, Improving Education”, an
international conference in Barcelona, 16-20 July, 2018.

** prof. Dr., Afyon Kocatepe University, Afyonkarahisar, Turkey, iocak@aku.edu.tr, https://orcid.org/0000-0001-
6976-5747

*** Corresponding Author: Lecturer, Afyon Kocatepe University, Afyonkarahisar, Turkey, nhocaoglu@aku.edu.tr,
https://orcid.org/0000-0002-3456-095X

Citation Information
Ocak, [, & Hocaoglu, N. (2021). Developing co-constructivism scale at science courses for secondary school
students. Kuramsal Egitimbilim Dergisi [Journal of Theoretical Educational Science], 14(4), 665-696.

Copyright © 2021 by AKU
ISSN: 1308-1659


http://dergipark.org.tr/akukeg
https://orcid.org/0000-0001-6976-5747
https://orcid.org/0000-0002-3456-095X
mailto:iocak@aku.edu.tr
https://orcid.org/0000-0001-6976-5747
https://orcid.org/0000-0001-6976-5747
mailto:nhocaoglu@aku.edu.tr
https://orcid.org/0000-0002-3456-095X

666 Ijlal OCAK & Nilda HOCAOGLU

The educational constructivism of personal diversity emphasizes the individual
creation of knowledge and the construction of concepts. This stream can be traced back
to the Kantian theories of Piaget’s cognitive development. The educational
constructivism of social variety emphasizes the importance of the group for developing
and confirming ideas. This has its roots in Vygotsky’s work in linguistics and language
acquisition and is seen, for example, in Rosalind Driver’s later publications (Matthews,
1998, p. 3). Constructivism’s perspectives on the role of the individual, the importance
of meaning-making, and the learner’s active role are the very factors that make theory
attractive to teachers. Teachers are usually very conscious of the role of prior
knowledge in student learning. They acknowledge that the students are not empty slates
waiting to be filled with knowledge. Instead, students bring a wealth of previous
experiences, knowledge, and beliefs to develop new knowledge (Jones & Brader-Araje,
2002). For Piaget, the construction of knowledge is achieved when new knowledge is
actively assimilated and integrated into existing knowledge. Social constructivism
avoids the idea that individual cognition is the only driving force behind the
construction of knowledge (Hyslop-Margison & Strobel, 2008). According to radical
constructivism, knowledge is in the heads of the people. The thinking individual is left
with no choice but to construct what he or she understands from personal experience
(Jones & Brader-Araje, 2002).

Co-constructivism aims to unite two separate concepts: constructivism and
sociogeneticism, seen as opposite domains. Contemporary developmental psychology
includes two main oppositional ideas, which causes the emergence of the concepts like
co-constructivism. First, there is a contrast between these assumptions; one is that the
psychological functions are given assets, and the other is that the organisms construct
these functions throughout their lives. Constructivism emerges from this ontological
assumption as an opposite solution. It is asserted that psychological functions are
constructed rather than pre-existing assets (Valsiner, 1996). The focus here is on the
axiomatic declaration of the origin of these functions and the nature of their functioning.
From the standpoint of their current existence, the two perspectives converge. These
viewpoints can be traced from this example: A child’s solving of a puzzle can be
interpreted as the child’s construction of a solution (as a perspective of constructivism)
or as the child’s finding a solution (as a non-constructivist view since the assumption of
the pre-existing solution). Through constructivism, the child tries to develop or make up
the solution. In contrast, through the perspective of the non-constructivist view, the
child tries to find a solution under the assumption of the solution that already exists
(\Valsiner, 1996).

Secondly, how psychological functions exist causes individual and social (inter-
individual) opposition (Valsiner, 1996). Two widespread opinions on society
relationship (individual affecting society and society affecting person) have led to the
views of social scientists. Both models have prevented conceptualization of psychology
for the mutuality of the relationship between individuals and society. Many
psychological concepts that can start from phenomena of mutuality as stated intuitively
(for example, the idea of attachment or bonding that causes requires reference to a
relation) are translated into theoretical and methodological dimensions of psychology
into assets that belong to the individual or the environment (Valsiner, 1996). For
example, the concept of attachment has resulted in an empirically determinable property
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of the child with the initial focus on a relationship irreversibly lost in the translation
process (Valsiner, 1996). Therefore, the co-constructionist view tries to put the
individual and the society together because of mutuality and interdependence.

The concept of co-constructivism sees individual uniqueness as proof of the
social origins of the human psychological ontogeny (Branco & Valsiner, 1997). It
combines personal locations of psychological functions with their social origins. Co-
constructivism does not aim to distinguish the social and the individual within the
psyche. Instead, it seeks to find opportunities to conceptualize these two sides together
mutually and systematically. The individual’s psychological functions are personal in
their present case, but they are social in their origins and interdependent with their
social surrounding to sustain themselves (Valsiner, 1996). According to Speed (1991),
reality is constructed or negotiated through the ideas of individuals or groups in the
sense that different forms are emphasized. These thoughts are generated from the social
groups in which people join.

The co-constructionist line in theory building may appear to be a recent
development, yet this is only an illusion based on the ignorance of the history of
psychology. All of the great sociogenetic thinkers in the past advocated for some form
of co-constructionist thinking. The co-constructionist flavor of their work is only
overlooked when their contributions are forced into artificial restricting categories of
cognitive or social emphases. One of the first empirical demonstrations of the co-
constructivist process is Frederic Bartlett’s work. Sherif’s (1936) renowned
investigations of how social norms are collaboratively produced in social group settings
are an empirical extension of co-constructivist views. A significant role of the inventor
of the co-constructivist idea belongs to James Mark Baldwin, whose impact upon the
work of both Piaget and Vygotsky was significant. The sociogenetic interests in
contemporary psychology and education have mediated much of the interest in
Vygotsky’s heritage. As a result, the person-centeredness of his approach has been
neglected. Internalization is a crucial idea in his sociogenetic theory. Using sign
systems, the developing individual actively converts inter-personal experience into an
intra-personal form. Semiotic mediation of human psychological functions is a
significant component of his philosophy, and it exists in both the inter-personal and
intra-personal worlds. As a result, the dual but interdependent presence of the personal
and social worlds exists and is emphasized as development progresses. He followed
James Mark Baldwin’s lead and developed his views in line with William Stern’s
(\Valsiner, 1996).

Co-constructivism is a type of sociogenetic personology (study of personal
traits) (Lyra & Valsiner, 1998, p. 187). Sociogenetic thinkers point out that all or at least
higher psychological functions of human beings are socially constructed. This causes
the active person, who structures his/her psychological world constantly to relate it to
the outside world, to retain his/her central role and the historical priority of the social
world. Thus, the development of a human being is described by developing his/her
psychological system and the common constructing with the goal-oriented social others
who offer social suggestions to him/her (Geert et al., 1994, p. 249-250). The
sociogenetic approach of this theory places a special emphasis on the uniqueness of
individual people in terms of being culturally bound. In other words, people are micro-
level (personal-cultural) parts of a macro-level entity (collective culture). The
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relationship between the two levels can be defined as bidirectional cultural
transformation. On the one hand, collective culture occurs in the field of common
meanings of the social group. On the other hand, each individual structures his/her own
collective culture and actively structures his/her culture together (Lyra & Valsiner,
1998, p. 187). Therefore, personal and collective culture interacts inseparably.

Learning is a constructive process and social activity, so students should not be
seen as solo learners. Instead, they interact with each other and shape their learning
through collaboration. Therefore, personal development is not based on isolation while
constructing knowledge; rather, its basis comes from co-construction in a cultural
environment through a social way (Reusser & Pauli, 2015). Students are common
constructors of their culture and contribute to the innovations of collective culture. The
developing human is an active and constructive individual, acting in a highly
heterogeneous environment provided by collective culture. The heterogeneity of
collective culture is found mainly in the semiotic dimension of social reality. The
semiotic knowledge structuring of an active person, including collective cultural
suggestions, gives a dynamic form to the developmental process. Collective culture
establishes (explicitly or implied) numerous physical and semiotic forms. In the process
of co-constructivism, the individual constructs his/her self in detail and reconstructs
some aspects of the macro-level environment when the circumstances allow (Lyra &
Valsiner, 1998, p. 187-188). Critical interaction and microgenetic analysis emphasize
how human beings’ interactions with each other and with objects in their environment
their learning and change processes. They automatically co-construct larger social and
cultural structures, relations, and processes (Philip & Gupta, 2020).

Figure 1
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Figure 1 represents the developmental flow of a child while he/she is moving
towards successfully constructed contexts. Contexts can overlap, but in some cases, they
transform to each other dynamically over time. For example, being at a museum or in a
library creates a kind of overlap in these constructed contexts. How students interact
with these spaces may have divergence in terms of students’ motivation. Boys may
demonstrate rude behavior among their friends but being at a museum or in a library
requires behaving in a certain manner. Boys have to negotiate to reach convergence
because of the limitations, such as the rules of being at a museum. Constructed contexts
naturally consist of parts of collective culture. Still, they are open to innovations created
by co-constructivist processes that arise from concrete social interactions (Lyra &
Valsiner, 1998, p. 192). This developmental flow can happen both in a formal or
informal context since these contexts can overlap. For example, the interaction among
children can occur in a playground or a scientific contest. Successfully constructed
context may indicate the situation of reconciliation through concrete social interactions.
The content of each structure presents certain limitations arising from social
participation rules and expectations. Participating individuals continuously reconcile
with their goal orientations at the intersection of individuals’ interactions and internal
psychological orientations when the internalization-externalization processes actively
coordinate the behavior of individuals. Thanks to the dialectical movements that
manage such processes, the child’s perspective co-constructs a synthesis from interests
and meanings. Reconciliation processes constantly occur during the sequence of goal
orientations. Limitations are determined by how the context is constructed and created
by the goal orientation of the individuals who interact with each other (Lyra & Valsiner,
1998, p. 192). Hence, it can be said that limitations are shaped by both the constructed
contexts and the goal orientations.

The child moves with dynamic interaction around him/herself through co-
constructivist interactions. As the child grows, such contexts and the nature of social
others playing an essential role in the child’s emotional-sociocognitive development
will also change. The child plays an active role in the process of developing his/her
culture. However, it is embedded in the cultural canalization process, put forward by the
constructed contexts. The child uses the elements of shared culture as an input to
develop his/her culture. It creates a personal type that changes as internal psychological
orientations on this input. As shown in Figure 1, the mutual co-construction between
personal and collective culture emerges through internalization-externalization (Lyra &
Valsiner, 1998, p. 192). During this process, interpersonal interaction has a significant
role since it contributes a lot to cultural forms.

Culture can be seen as an organizational form that directs the next state of
human structure. The focus of co-construction leads to restructuring hierarchical
organization within structures (Geert et al., 1994, p. 279-280). It is crucial to structure a
goal-oriented individual who acts in consciously constructed surroundings and interacts
purposefully with other people (Valsiner, 1996). The process of human development is
dynamically goal-oriented. Accordingly, any participant can create a goal, try to achieve
it, change previously targeted goals, or abandon these goals altogether. Being goal-
oriented does not mean that goals can be maintained statically. This only emphasizes the
future constructivist orientation of psychological processes (Geert et al., 1994, p. 279).
In other words, culture has a crucial role in the developmental flow of the human being,
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and human development is a goal-oriented process. In such an environment where the
people interact with others purposefully, constructing people who have motivation is a
significant aim of co-constructivism. In this perspective, culture and motivation are
embedded since there should be a negotiation between the child and the others’ goal
orientation.

Instead of passively receiving information, children interpret their experiences
genius by reorganizing their mental structures in increasingly difficult ways to make
sense of their worlds. According to symbolic interactionism and sociocultural theory,
learning occurs through social activity and is mainly hidden in society and society’s
knowledge, perspective, and beliefs. People structure their knowledge through personal
experiences and conversations with others and social experience and interaction
(Reusser, 2001). Thus, personal development and acculturation are not to be socially
alone in structuring knowledge but to structure it together in the cultural and social
field. In plenty of settings, many learning is a social activity and a cultural sharing. The
child develops his/her knowledge within other individuals who feel belonging to a
culture. From this perspective, knowledge does not stand alone in every individual’s
mind. It is dispersed among individuals who have common interactions and
conventions. Co-constructivism can be seen as an adult + child interaction or an
interaction between a child and someone more capable. From the cognitive point of
view, co-constructivism can be seen as a common understanding of two or more
individuals as collaborators or a solution to a problem. At the heart of the concept of co-
constructivism lie two co-existing activities. These are solving the problem in a
collaborative way and structuring and maintaining a common problem area. Co-
constructivism requires individuals to acquire, maintain and update a degree of mutual
understanding. The best way to support co-constructivist learning is about designing
effective collaborative learning environments. Teachers’ role in co-constructivist
classrooms is to guide students and help them engage in authentic and task-oriented,
constructed social interactions (Reusser, 2001).

The majority of studies focus on the ideas of the students and teacher candidates
about the constructivism approach. There are also a few scale development studies
measuring the constructivist learning environment (e.g. Agbuba, 2010; Bay et al., 2010;
Bukova-Giizel & Alkan, 2005; Evrekli et al., 2009; Yesilyurt, 2012). In this context, the
most used scale has been CLES (Constructivist Learning Environment Questionnaire)
by Taylor and Fraser (1991). The scale has been updated and developed many times
(Taylor et al, 1994). This scale was adapted to Turkish by Kiiciikkozer et al. (2012).
Tenenbaum et al. (2001) focused on seven categories in the constructivist learning
environment scale they developed. Fer and Cirik (2010) studied this scale’s language
equivalence, validity, and reliability and adapted it to Turkish. Arkiin and Askar (2010)
developed a 7-point Likert-type scale to assess the constructivist learning environment
to obtain the opinions of university students on the face-to-face constructivist learning at
the higher education level. So, the developed scales aim to measure constructivist
learning in general. However, none of these studies addresses co-constructivism,
especially in science courses at secondary school education.

It has been proven by many studies that preparing learning environments in
which students will learn concepts in a meaningful way, rather than encouraging
memorization, is much more effective in learning science subjects. The co-constructivist
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approach aims to foster active participation, intense interaction, and culture sharing
through social motivation. The focus of science teaching is to enable the students to
recognize nature and the environment. The students should acquire unique knowledge
about nature and structure them in their minds to achieve the aims of science learning.
To construct the facts about nature, they must observe, conduct experiments and interact
with nature. The co-constructivist learning environment allows all these aims of Science
teaching. Social constructivist science teaching aims to develop students’ scientific
thinking skills and, in this way, share, agree, and discuss with their classmates. The
learning environment, content, and objectives of Science teaching are designed
accordingly. It is accepted that knowledge is acquired in a social environment in
constructivist science teaching. If the students work in groups, they share their
knowledge with their friends and form a discussion environment; if necessary, they
analyze or review this information by conducting experiments. Students build their
knowledge and understandings depending on prior information and the sociocultural
setting they find themselves. In these sociocultural settings, they are expected to connect
learning with everyday contexts. They are expected to reveal current ideas as well as
alternative ones (Eastwell, 2002).

The purpose of the scale is to find out whether there are any applications of co-
constructivism in Science courses in terms of the interaction and relationship between
student and student. One of the basic skills of the Science curriculum is cultural
expression and awareness. In accordance with this skill, the students are supposed to
fully understand their own culture, respect cultural differences, and have a positive
attitude towards them (MEB, 2018, p. 6). From this point of view, co-constructivism
gains importance in Science courses, as well.

Method

Multilevel mixed design, one of the mixed methods, has been used since the
study aims to develop a scale to measure co-constructionist environment in the 7™ and
8" Grade Science courses. As the study aims to develop a scale for Science courses, 7%
and 8" Grade students’ opinions about the co-constructionist environment of Science
courses will be more suitable since they have been learning science for one or two years
at the secondary education level. Multilevel mixed designs can be either parallel or
sequential designs. In these designs, mixing happens through multiple levels of analysis,
as gquantitative or qualitative data are analyzed and combined to answer related aspects
of the same research question or related questions (Teddlie & Tashakkori, 2009, p. 136).
In this study, literature research and interviews were carried out before writing the items
of the scale. In this respect, a parallel design was used while collecting data from
literature and interviews. Quantitative data were collected for factor analysis, and
interview questions were created from the scale in terms of the related aspects of the
same research to enhance the validity and reliability of the scale.

Participants

The study group of this research, who attended the pilot test, consists of 136
females (57.1%) and 102 males (42.9%), a total of 238 students studying at three
different secondary schools in Afyonkarahisar. 137 of the students are 7" Grade
students, and 101 of them are 8" grade students. The sampling method and the features
of samples used are given in Table 1.
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Table 1
Sampling Method and Samples
Data Collection Tool Sampling Method Samples
Interview Form 5 secondary school students (71"

Convenience Sampling and 8" Grades)

Literature research Convenience Sampling Books and articles
Pre-test application Convenience Sampling 10 secondary school students
(for item comprehensibility) (7" and 8" Grades)
Pilot test application Convenience Sampling 238 secondary school students
(for item analysis) (7" and 8" Grades)
Structured interview questions Convenience Sampling 12 7" Grade students
Test re-test reliability Convenience Sampling 68 secondary school students

(7" and 8™ Grades)

According to Table 1, secondary school students were asked open-ended
questions about co-constructivism related to Science courses to create the item pool.
Open-ended questions were asked to five students studying in 7" or 8" Grade.
Secondly, the literature on co-constructivism was reviewed to write items related to the
scale. The theoretical background about co-constructivism was obtained from the
sources, and key concepts have been determined. After creating the item pool, ten
secondary school students gave feedback on the comprehensibility of the items. After
making necessary corrections, the 47-item scale was applied to 238 7" and 8" grade
students in three different secondary schools in Afyonkarahisar in the first term of 2017-
2018. To strengthen the validity and reliability of the scale, interview questions were
prepared in line with the factor analysis findings, and they are asked to twelve 7" grade
students.

Ethical Procedures

Ethical approval and written permission were obtained from the Social and
Humanities Scientific Research and Publication Ethics Board of Afyon Kocatepe
University in Turkey with the decision dated 22.02.2021 and numbered 2021/111.
Ethical rules were followed at each stage of the research. The participants took part in
the study voluntarily.

Findings

Development of the Scale

This scale, which was developed to evaluate the co-constructivist environment in
the Science courses, is 5 point Likert type. Likert-type scales are developed by using the
item analysis approach. A particular item is evaluated in the item analysis approach
based on the differences between high and low score items. Items that best meet such a
difference test are included in the final measurement tool. Thus, Likert-type scales
contain many sentences expressed from the most positive to the most negative attitude
towards the given subject (Kothari, 2004, p. 84). According to the suggestions of
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Carpenter (2018) with regard to the development of a scale, the steps below were
followed:

Theory and Research

The structure and meaning of a construct should be pre-specified by theory.
According to the literature review and conceptual definitions, researchers analyzed the
items of each factor to determine the most suitable concept label such as co-design, co-
work, collaboration, culture sharing, interaction, common knowledge, relationship with
real life. Potential dimensions and items were determined by considering the objectives
of the 6™ and 7" Grade Science curriculum. To create and validate items, researchers
conducted a qualitative study. Through interviews, secondary school students about the
activities related to co-constructivism were asked open-ended questions related to
Science courses. An item pool consisting of 47 items was created for this scale. Twenty-
six of them included the objectives of the 7" Grade curriculum. Four of them included
the objectives of the 6" Grade curriculum. Seventeen of them were created through the
common subjects of the 6™ and 7" Grade curriculum. The item pool was created
considering the interaction and relationship between student and student, one of the co-
constructivism dimensions. The other dimensions are the relationship between mother
and child or student and teacher or learning in teams. Each item was written depending
upon the literature and the 6th and 7th grade Science curriculum objectives. 6" Grade
Science curriculum covers the subjects as follows: Solar system and eclipse, systems
and health in our body, force and motion, matter and heat, sound and features,
conduction of electricity whereas 7" Grade Science curriculum covers the subjects such
as Solar system and beyond, cells and divisions, force and energy, pure substance and
mixtures, the interaction of light with matter, reproduction, growth, and development in
living things, electrical circuits. The items in the scale were tried to written considering
each subject in the curriculums. Open-ended questions were asked to five students
studying in 7" or 8" Grade.

Interviews and expert feedback are critical in the item generation and dimension
identification process. Expert feedback was used for item refinement to eliminate
complex wording/language and vagueness in questions/biased questions. After the item
pool was created, 59 items were evaluated by three experts to have their opinions. These
experts examined the items whether they were written according to the objectives stated
in the Science curriculum. 11 items that were not suitable for the 6 and 7" Grade
Science curriculum were removed from the scale, and six misunderstood items were
corrected. Items were marked as “I always do” (5 points), “I often do” (4 points), “I
occasionally do” (3 points), “I rarely do” (2 points), and “I never do” (1 point). The high
score obtained from the scale indicated that the respondent agrees with the items. In
other words, getting a high score from the scale indicated that the participant agrees that
a co-constructivist environment exists in Science courses, while getting a low score
means the opposite of this view.

To refine questionnaire questions and the design of the scale, a pre-test was
applied to a group of ten secondary school students to identify problems in terms of
language and expression. After this pre-test, one unsuitable item was removed from the
scale. Then, the remaining items were checked for content validity, showing a basis for

© 2021 AKU, Kuramsal Egitimbilim Dergisi - Journal of Theoretical Educational Science, 14(4), 665-696



674 Ijlal OCAK & Nilda HOCAOGLU

the literature, and the scale was applied to 238 7" and 8" Grade students in three
different secondary schools in Afyonkarahisar for pilot testing.

Determine Sampling Procedure

In this step, researchers decided on an appropriate sample size. Gorsuch (1983)
states the required sample size for factor analysis as follows: “The minimum ratio is 5
individuals for each variable” (Thompson, 2004, p. 24). The sample size in this study is
suitable for factor analysis (n=238).

Examine Data Quality

Researchers checked for missing data and deleted a few cases since most
responses contained missing data or only the same answer.

Verify the Factorability of the Data

Bartlett test is the most useful way to determine whether variances are equal
(Singh, 2007, p. 102). Kaiser-Meyer-Olkin (KMO) coefficient and Barlett sphericity test
were used to determine the suitability of the data for factor analysis (Biiyiikoztiirk,
2012, p. 126). Accordingly, the KMO result of the items being .95 and Barlett test value
being .00 significant (x>=7886; sd=1081; p<.01) showed that the data were suitable for
factor analysis. If KMO is higher than .70, it indicated that a sufficient number of
samples were available for each factor (Leech et al., 2005, p. 80).

Conduct Exploratory (Common) Factor Analysis

Exploratory factor analysis was conducted to determine the construct validity of
the scale. The findings of exploratory factor analysis were presented orally by the
researchers (Ocak & Hocaoglu, 2018a). Exploratory factor analysis aims to determine
the number of common factors affecting a group of measures and the strength of the
relationship between each observed measure and factor (DeCoster, 1998).

Select Factor Extraction Method

In this study, principal component analysis was used as a factoring technique to
facilitate interpretation.

Determine the Number of Factors

To determine the factor number, eigenvalues greater than one rule were taken
into account. Items with an Eigenvalue (initial eigenvalue) greater than 1.00 were
included in the scale. As in Table 2, 5 factors explain 64.371% of the total variance.
This value is above 41%, which is the acceptable value (Kline, 1993).
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Table 2
Explanation of the Total Variance of the Co-constructivism Scale

Initial Eigenvalues

Extraction Sums of Squared Rotation Sums of Squared

Loadings

Loadings

Explained  Total Explained Total Explained Total
Item Total Variance Variance Total Variance Variance Total Variance Variance
1 11.857 43.914 43914 11.857 43.914 43914 4.092 15.156 15.156
2 1.774 6.569 50.483 1.774 6569 50.483 3.977 14.730 29.886
3 1.392 5.157 55.640 1.392 5157 55.640 3.668 13.587 43.473
4 1.233 4.566 60.206 1.233 4566 60.206 3.111 11.521 54.994
5 1.125 4.165 64.371 1.125 4165 64.371 2532 9377 64.371
6 841 3.115 67.486
7 816 3.023 70.509
8 673 2.494 73.002
9 .646 2.392 75.394
10 616 2.281 77.676
11 .585 2.168 79.844
12 567 2.099 81.942
13 493 1.825 83.767
14 469 1.737 85.503
15 451 1.671 87.174
16 443 1.639 88.814
17 394 1.459 90.273
18 .380 1.407 91.679
19 .355 1.316 92.996
20 347 1.284 94.279
21 297 1.099 95.379
22 275 1.019 96.398
23 248 918 97.315
24 209 776 98.091
25 191 .706 98.797
26 169 .625 99.423
27 .156 577 100.000
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According to Table 2, the variance explained by the 1% factor is 43.914%; by the
2"¢ factor is 6.569%; by the 3™ factor is 5.157%; by the 4™ factor is 4.566% and by the
5™ factor is 4.165%.

Rotate Factors

The rotation process was performed using the varimax method because the
varimax method examines the columns of the factor loadings matrix to achieve a
meaningful structure. This method also ensures that fewer variables make the most
factor variances (Tavsancil, 2010). In Table 3, the rotated components matrix belonging
to the Co-constructivism scale is given.

Table 3
Rotated Components for the Co-constructivism Scale

Components

Items 1 2 3 4 5

| prepare a project with my friends on the development

of the chemical industry in Turkey. 097

I design a tool with my friends for reducing the effect

of water resistance. 689

I design a tool with my friends for reducing the effect

A .689
of air resistance.

I share with my friends local naming for organs given

in different regions of Turkey. 650

I research with my friends the most frequent system
diseases (circulatory system, digestive system, etc.), .600
which are seen in different regions of Turkey.

I design an original lighting system with my friends. .595

I discuss with my friends about heat insulation of the

buildings in terms of family and country economy. 741

I research with my friends the precautions related to

the stove and natural gas poisoning. 740

| prepare a presentation with my friends on domestic

and liquid waste. .686

| prepare a presentation with my friends on the

importance of heat insulation of the buildings. /684

| prepare a presentation with my friends on the

importance of social solidarity for organ donation. 632

| prepare a presentation with my friends on the

importance of Green Crescent. 603

I discuss with my friends the effect of water resistance

in real life. 742

© 2021 AKU, Kuramsal Egitimbilim Dergisi - Journal of Theoretical Educational Science, 14(4), 665-696



Developing Co-constructivism Scale at Science...

677

I discuss with my friends the effect of air resistance on
the design of different vehicles.

I discuss with my friends the effect of air resistance in
real life.

I discuss with my friends the effect of water resistance
on the design of different vehicles.

I give examples of the effects of air resistance from my
surrounding.

I discuss the examples I gave about Kinetic energy with
my friends.

| associate the relation between cell-tissue-organ-
system-organism with another topic in real life.

I discuss with my friends the relation between cell-
tissue-organ-system-organism by giving examples
from current issues.

I share with my friends the idioms about our culture on
the concepts of mass and weight (e.g., comparing the
weight of 1 kg gold and 1 kg cotton)

I give examples of changing cell structures with the
development of the microscope.

I discuss with my friends about organ donation in
terms of the importance of social solidarity.

| give examples about recyclable items on home waste.

I give examples of non-recyclable items on the home
waster.

I share with my friends examples of a homogeneous
mixture.

| identify the factors affecting the dissolution rate by
conducting an experiment with my friends.

718

711

.678

.613

466

.766

716

676

611

.564

.827

750

.584

463

In Table 3, the factor loads of 27 items in the scale vary between .46 and .82.

Retain and Delete Items Based on a Priori Criteria

Factor loads less than .30 are considered low, while those higher than .40 are
considered high (Leech et al., 2005, p. 83). Items whose factor loads are less than .40
have been considered to be omitted. However, since there is no factor load lower than
.40, the item cannot be removed with this method. The items should have a high load
value in one factor and a low load value in the other. The difference between two high
load values is expected to be at least .10 (Biiyiikoztiirk, 2012, p. 124). In this study, this
was also taken into account when determining the factors. Accordingly, 20 items (item
27, 42, 35, 43, 38, 22, 30, 41, 18, 29, 7, 21, 19, 31, 11, 28, 37, 10, 23 and 9) were
omitted. After the items were removed, the scale became a 5-factor and 27-item scale.
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Present Results

The Cronbach Alpha value of the scale is a=.950. If this value is .70 or higher, it
is an indicator that the test scores are reliable (Biiylikoztiirk, 2012, p. 171). The test-
retest reliability was also examined to see the reliability based on score stability over
time with 68 participants. The result is r=.932. It can be said that the scale is reliable
since the result is close to 1.

According to Table 3, factors are named based on the content of the items. The
1% factor was named “collaborative design”. When the items included in the 1% factor
are examined, it is understood that two or more individuals came together to work
collaboratively or solve problems. For example, when the items like “I prepare the
project with my friends”, “I design a tool with my friends”, “I do a research with my
friends” are taken into account, it is seen that students come together and try to solve the
existing problem by combining their knowledge, skills and abilities and co-construct
their knowledge. The concept of co-constructivism means that individuals solve a
common problem together and establish mutual understanding. The 2" factor was
named “collaborative work”. The items in this factor are generally expressions such as
“I prepare a presentation with my friends,” which include group work and aim for
students to learn together. For this reason, the 2" factor was named “collaborative
work”. The 3 factor was named “social experience and interaction”. The items in this
factor are related to the behaviors in environments that require more interaction and
where students will experience sociality. Students’ discussing a topic with other
students requires interaction. The 4" factor was named “sharing culture”. The items in
this factor are mostly related to giving examples of culture (example of the relationship
among cell-tissue-organ-system-organism), cultural sharing (expressions about mass
and weight), and explaining the situations caused by the culture (social importance of
organ donation). The 5™ factor was named as “relating with real life”. When the content
of the items in this factor is examined, giving examples of recyclable or non-recyclable
items causes students to connect with real life and find real examples.

In Table 4, the total correlation values of the items, item remainder correlation
values, and t-test results of 27% lower and upper groups are given.

Table 4

Item Analysis of the Co-constructivism Scale (Validity-Reliability Results)
Items Varimax Factor Item Total Item Remainder  t-test results of 27%  p value

Load Correlation Correlation lower and upper
groups

Item36 .697 .602 .636 10.409 .000
Item17 .689 .646 .678 12.508 .000
Item16 .689 .665 .695 12.553 .000
Item33 .650 .675 .705 13.955 .000
Item32 .600 .676 .706 12.293 .000
Item34 .595 .614 .649 12.686 .000
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Item45

Item46

Item47

Item44

Item40

Item39

Item13

Item14

Item12

Item15

Item6

Item8

Item4

Item5

Item3

Item?2

Iteml

Item25

Item26

Item20

Item24

741

.740

.686

.684

.632

.603

142

718

711

.678

.613

466

.766

716

.676

611

.564

827

750

.584

463

.628

.633

672

711

741

.691

.642

644

.646

.688

578

.585

410

577

575

.613

.566

.594

.612

.602

.632

.662

.667

.702

738

765

721

674

.676

.678

718

.614

.622

456

.614

611

.647

.603

.631

.648

.637

.664

13.418

13.402

13.645

15.526

18.463

16.721

12.628

11.354

11.730

15.082

10.708

10.305

7.063

10.616

10.826

12.060

10.476

11.148

11.910

11.091

11.684

.000

.000

.000

.000

.000

.000

.000

.000

.000

.000

.000

.000

.000

.000

.000

.000

.000

.000

.000

.000

.000

According to Table 4, item-total correlation values are between .410 and .741,
and item remainder correlation values are between .456 and .765. Accordingly, it is
possible to say that the items are good items since the item-total correlation coefficient
r>.30 (Biyiikoztirk, 2012, p. 171). Another way of item analysis is comparing the
average scores given to each item by the extreme groups (upper group-lower group)
(Tavsancil, 2010, p. 55). The differences between the item average scores of the lower
27% and upper 27% groups created according to the total scores of the test were found
to be significant (p<.01). This shows that the test has internal consistency (Biiyiikoztiirk,

2012, p. 171).

In Table 5, means, standard deviation, and correlations coefficients of the sub-

factors of the Co-constructivism Scale are given.
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Table 5
Means, Standard Deviation and Correlations Coefficients of the Sub-factors
Factor N X SD p value 1 2nd 3 4h 5t

1tFactor 238 13.74  6.28 .000 1 714 653 561  .638
2" Factor 238 15.02  6.65 .000 714 1 632 564  .660
39 Factor 238 16.67  6.31 .000 653 632 1 624 611
4" Factor 238 1442  5.04 .000 561 564 624 1 530
5% Factor 238  10.64  4.37 .000 638 .660 611 530 1

According to Table 5, it is observed that there is a significant and moderate
relationship between the factors. The correlation coefficient being between .70-1.00
indicates a high-level relationship; .70-.30 indicates a medium relationship, and .30-.00
indicates a low-level relationship (Biiyiikoztiirk, 2012, p. 32). In Table 6, the alpha
coefficients of the sub-factors of the co-constructivism scale are given.

Table 6
Internal Consistency Coefficients of Sub-Factors of the Co-constructivism Scale
Factors Alpha
1. Collaborative Design .850
2. Collaborative Work .852
3. Social Experience and Interaction .856
4. Sharing Culture .874
5. Relating with Real Life .868

According to Table 6, the alpha coefficient of the 1% factor is .850; the alpha
coefficient of the 2" factor is .852; the alpha coefficient of the 3™ factor is .856; the
alpha coefficient of the 4" factor is .874, and the alpha coefficient of the 5" factor is
.868.

Confirmatory Factor Analysis

Confirmatory factor analysis (CFA) is performed to test hypotheses or validate
theories about previously accepted factors (Urbina, 2004, p. 174). The items in the
factor named as “co-design” are shown as al-a6; the items in the factor named as
“collaborative work” are shown as bl-b6; the items in the factor named as “social
experience and interaction” are shown as cl-c6; the items in the factor named as
“sharing culture” are shown as d1-d5, and the items in the factor named as “relating
with real life” are shown as el-e4. CFA was performed by considering the answers of
134 samples. The subscale and composite scale reliability of coefficients of this model
tested with CFA was calculated.
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Confirmatory Factor Analysis First Level

The path diagram of the co-constructivism scale is given in Figure 2, and the t
values for the latent variables to explain the observed variables are shown on the
arrows. According to Schermelleh-Engel et al. (2003), if t values exceed 2.58, it is
significant at the .1 level. The parameter estimates of the co-constructivism scale are
significant at the .01 level. The chi-square value is 606.38, and the df value is 314.
Accordingly, »%/df is 1.93. The fact that this ratio is less than 3 in large samples
indicates that the level of compliance is perfect (Kline, 2011). RMSEA value is .084,
which is an acceptable value. Values less than .07 for RMSEA indicate a good fit level
(Steiger, 2007).

When the error variances of the observed variables in Figure 2 were examined, it
was seen that the error variances were at an acceptable level. The explanatory properties
of the items with very high error variance decrease at that rate (Capik, 2014). In this
case, even the items with the highest error variance (.92) were included in the analysis
(Kline, 2011).

Figure 2
Error Variances in the Path Diagram of the Co-Constructivism Scale 1 Level
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Table 7

The Goodness of Fit Indexes of the Co-constructivism Scale according to the Structural
Model

Goodness of fit indexes Values of Co- Perfect fit values Acceptable fit values
constructivism Scale

x2/df 1.93 0< y2/df <2 2<y2/df<3
RMSEA .084 0 <RMSEA <.05 .05 <RMSEA <.08
Comparative Fit Index (CFI) 91 97 <CFI<1.00 95<CFI<.97
Standardized RMR .064 0 <SRMR <.05 .05<SRMR <.10
Goodness of Fit Index (GFI) 75 95 <GFI<1.00 .90 < GFI < .95
Adjusted Goodness of Fit .70 .90 < AGFI<1.00 .85 < AGFI1<.90
Index (AGFI)
NNFI .90 .97 <NNFI<1.00 95 <NNFI<.97

According to Table 7, x?/df ratio is 1.93. This demonstrates the value of a good
fit. If this ratio is less than 3, it shows that the level of compliance is perfect (Kline,
2011). RMSEA value is .084. Brown (2015) recommends that the RMSEA value should
be close to or less than .06. Accordingly, the RMSEA value is at an acceptable level.
The value of CFI is .91. If this value is greater than .90, the model has an acceptable
level of good fit (Kline, 2011). The value of SRMR is .064. According to Table 7, this
value is also acceptable goodness of fit. GFI, AGFI, and NNFI values are seen to have
poor fit according to the goodness of fit index. Although not all indexes show perfect
results, the ratio of y2/df and RMSEA value are among the goodness of fit index.
Accordingly, these findings confirm the factor structure of the co-constructivism scale.
In Figure 3, error variances of the 2" level of the co-constructivism scale in the path
diagram are given.

When the error variances of the observed variables in Figure 3 were examined, it
was seen that the error variances were at an acceptable level. The explanatory properties
of the items with very high error variance decrease at that rate (Capik, 2014). In this
case, even the items with the highest error variance (0.93) were included in the analysis
(Kline, 2011).
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Figure 3
Error Variances in the Path Diagram of the Co-constructivism Scale 2" Level
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In Table 8, the scale development process is given in brief.
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Table 8
Development of the Scale

Development of the Scale

1. Theory and Research

a. Conceptual Definitions

b. Potential Dimensions

c. ltem Pool

d. Interviews and Expert
Feedback

e. Pre-test application

The most suitable concept labels such as co-design, co-work,
collaboration, culture sharing, interaction, common
knowledge, relationship with real life were identified.

Potential dimensions and items were determined by
considering the objectives of the 6™ and 7" Grade Science
curriculum. Through interviews, secondary school students
were asked open-ended questions related to the activities
related to co-constructivism.

An item pool consisting of 47 items was created for this scale.
26 of them included the objectives of the 7" Grade
curriculum. 4 of them included the objectives of the 6™ Grade
curriculum. 17 of them were created through the common
subjects of 6™ and 7™ Grade curriculum.

Open-ended questions were asked to five students studying in
7t or 8™ Grade. The answers given to these questions guided
the researchers while writing the items of the scale. After the
item pool was created, 59 items were evaluated by three
experts to have their opinions. 11 items that were not suitable
for the 6" and 7" Grade Science curriculum were removed
from the scale and six misunderstood items were corrected.

A pre-test was applied to a group of ten secondary school
students to identify problems in terms of language and
expression. After this pre-test, one unsuitable item was
removed from the scale. The remaining items were checked
in terms of content validity, showing a basis for the literature,
and the scale was applied to 238 7™ and 8™ Grade students in
three different secondary schools in Afyonkarahisar for pilot
testing.

2. Determine Sampling Procedure

The sample size in this study is suitable for factor analysis (n=238).

3. Examine Data Quality

Researchers checked for missing data and deleted a few cases since most responses contained

missing data or only the same answer.

4. Verify the factorability of the data

The KMO result of the items being .95 and Barlett test value being .00 significant (x=7886;

sd=1081; p<.01) showed that the data we

re suitable for factor analysis.

5. Conduct exploratory (common) factor analysis

Exploratory factor analysis was

conducted.

6. Select factor extraction method

Principal component analysis was used as a factoring technique to facilitate interpretation.

7. Determine the number of factors
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Eigenvalues greater than one rule was taken into account.

8. Rotate factors

The rotation process was performed using the varimax method.

9. Retain and delete items based on a priori criteria

The difference between two high load values is expected to be at least .10 (Biiyiikoztiirk,
2012, p. 124). Accordingly, 20 items were omitted.

10. Present results

The Cronbach Alpha value of the scale is «=.950. The test-retest reliability was also
examined to see the reliability based on score stability over time with 68 participants. The result is
r=.932. Item-total correlation values are between .410 and .741, and item remainder correlation values
are between .456 and .765. The differences between the item average scores of the lower 27% and
upper 27% groups created according to the total scores of the test were found to be significant (p<.01).
Factors are named based on the content of the items they contain. The alpha coefficient of each factor
has been calculated.

11. Confirmatory Factor Analysis (CFA)

CFA was performed by considering the answers of 134 samples. The parameter estimates of
the co-constructivism scale are significant at the .01 level. The chi-square value is 606.38, and the df
value is 314. Accordingly, x*/df is 1.93. RMSEA value is .084, which is an acceptable value.

Interview Questions

Criterion-related validity determines how well a test score may be used to infer
an individual’s most likely position on a measure of interest—the criterion being the
measure of interest (Cohen & Swerdlik, 2009, p. 180). The validity of the test content
shows to what extent the items or questions in the data collection tool represent the
appropriate universe or content area. This validity requires experts to examine the tool’s
content (McMillan & Schumacher, 2001, p. 239-242). In this respect, a relationship may
arise between the sub-factors of the scale and the interview questions. Thus, a
qualitative study was conducted to increase the validity of the scale called “Co-
constructivism” at Science courses.

For this reason, to support the quantitative findings previously obtained with
qualitative findings, interviews were conducted with 7" Grade students regarding co-
constructivism in Science courses. Interviews were conducted with twelve secondary
school students selected with appropriate sampling method using a structured interview
form consisting of eight questions under five main headings compromisingly with the
five sub-factors of the scale. At this stage, it was aimed to measure the consistency of
the answers given by the students for the “Co-constructivism” scale through
interviewing them over the general theme of the sub-factors. At the same time, it was
intended to determine how well the scale measures the desired situation and obtain a
general framework by gaining from the students’ experiences whether the applications
of co-constructivism theory have been put into practice in Science courses.

Descriptive analysis was used to analyze the data. The five main questions
prepared for the interviews were accepted as five main themes. Students’ views were
analyzed and interpreted in line with these themes. Each main part in the interview form
was considered as the main theme. The answers of the students were typed and coded
under the main themes. Then, researchers determined the similarities and differences of
the codes and made thematic coding by bringing together the codes related to each
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other. Thus, the main themes and sub-themes under them were revealed. Codes were
organized under sub-themes. The following steps were followed to create the questions
in the structured interview form:

To examine in detail the crucial findings that emerged in the analysis of
quantitative data, the questions in the interview form were created.

- After the questions were formed, expert opinion was received from two experts
to determine the correctness of the questions in terms of language and expression.

- The questions have been reshaped according to the suggestions of the experts.

- Five students were interviewed to determine the comprehensibility of the
questions as a pre-application.

- Accordingly, any misunderstandings were corrected, and it was recorded how
long the students’ answering of the questions would take.

- After pre-application, the interview questions took their final form.

- The structured interview form consists of 8 open-ended questions forming five
sub-themes. These five sub-themes reflect the sub-dimensions in the scale, and the
questions are related to these sub-dimensions.

To ensure the reliability of the study, it was worked with a co-observer other
than the researchers. Co-observer is a faculty member who has qualitative studies at the
Department of Curriculum and Instruction. The co-observer was asked which theme and
sub-theme each code belonged to for the themes and categories that emerged. The
frequency and percentage values that the researchers and co-observer made for the
coding were calculated to obtain the consensus agreement between the researchers and
co-observer. In qualitative studies, it is a reliable method to encode more than one
person and control the coding by another person (Miles & Huberman, 1994, p. 64).
Miles and Huberman’s (1994) reliability formula (Reliability = [Consensus /
(Consensus + Disagreement)] x 100) was used to determine the agreement between the
researchers’ and co-observer’s analyses, and the result was calculated as 88%.

One of the criteria of validity in qualitative research is reporting the data in
detail and explaining how the researcher reached the results (Yildirrm & Simsek, 2013).
To ensure the validity of the study, it was reported in detail how the data collection tool
was formed, how the data were collected and reported, and how the results were
reached. In addition, students’ answers for each theme and sub-themes are provided as
examples.

In the first sub-question of the first question, the students were asked whether
they designed a vehicle with their friends in the Science course and how effective their
thoughts were in this design. In the other sub-question of the first question, the students
were asked whether they prepared a project with their friends in the Science course and
how the task sharing was done among them. The findings obtained regarding these
questions are given in Table 8, together with their frequencies. In addition, sample
answers for each sub-theme are given below.
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Table 8
Students’ Views on the Questions in the Main Theme of “Co-constructivism”

Main Theme: Collaborative design

Sub-themes Codes f

Vehicle Design Lack of application (S1, S2, S4, S7, S10, S11, S12)
Individual study (S3, S5, S9)
Influence of the student’s ideas (S6, S8)
Joint decision (S6, S8)

Project Preparation Lack of application (S3, S5, S6, S7, S8, S10, S11)
The project’s being elective (S9, S12)

N N NN NN w N

Task sharing (S2, S4)
Individual study (S1) 1

The students were asked questions about ‘“vehicle design” and “project
preparation”, which are sub-themes, under the main theme of “co-constructivism”.
According to the “vehicle design” sub-theme, most students (f=10) stated that they did
not design a vehicle with their friends. Three of them said that they designed a vehicle
individually. The answers given by the students are as follows:

S11: “I did not design a vehicle with my friends.” (lack of application)

S3: “We made an electrical circuit. Everyone did it by him/herself.”
(individual study)

S6: “My thoughts were also influential while designing it, and also we made a
joint decision.” (Influence of the student’s ideas and joint decision)

According to the “project preparation” sub-theme, most students (f=9) stated that
they did not prepare a project with their friends. Two of them stated that they did not
prepare a project because they did not take a project assignment in the Science course.
The answers given by the students are as follows:

S7: “We did not prepare a project.” (lack of application)

S12: “I did not take part in a project because it was elective.” (the project’s
being elective)

S4: “Task sharing was made in the procurement of the materials. Also, one of
us poured the mineral water, the other shredded the biscuit. Our teacher gave
these tasks to us.” (task sharing)

In the first sub-question of the second question, the students were asked whether
they took part in research with their friends in the Science course and contributed to
them. In the other sub-question of the second question, the students were asked whether
they prepared a presentation with their friends in the Science course and what they
learned from their friends if they prepared a presentation. The findings obtained
regarding these questions are given in Table 9 together with their frequencies:
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Table 9

Students’ views on the questions in the main theme of “collaborative work”

Main Theme: Collaborative work

Sub-themes Codes f
Research and Lack of application (S2, S3, S4, S5, S8, S9, S11) 7
Contributions Different ideas (S6, S12) 2

Success (S1) 1
Permanence (S1) 1
Correction of mistakes (S6) 1
Resource support (S7) 1
Participation (S10) 1
Completing the deficiencies (S12) 1
Presentation Preparation  Lack of application (S1, S3, S5, S6, S7, S8, S9, S10, S11, S12) 10
New knowledge (S2, S4) 2

Under the main theme of “collaborative work”, the students were asked
questions about the sub-themes of doing research and its contributions and preparing
presentations. According to the sub-theme of research and contributions, more than half
of the students (f=7) stated that they did not research with their friends. Students who
researched with their friends stated that they learned different ideas the most (f=2). The
answers given by the students are as follows:

S8: “We did not research with friends.” (lack of application)

S6: “I took part in a research. I learned different ideas and my friends
corrected my mistakes.” (different ideas and correction of mistakes)

S1: “We did a research about life and discoveries of a scientist. What I learned
through working cooperatively became more permanent since | remembered
them in the exam. And I passed the exam.” (success and permanence)

According to the sub-theme of preparing a presentation, most of the students
(f=10) stated that they did not prepare a presentation with their friends in the Science
course. The answers given by the students are as follows:

S12: “I did not prepare any presentation with my friends.” (lack of
application)
In the third question, the students were asked what effect their participation in

class discussions in the Science course had on their learning. The findings related to this
question are given in Table 10.
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Table 10

Students’ Views on the Questions in the Main Theme of “Social Experience and
Interaction”

Main Theme: Social experience and interaction

Sub-themes Codes f
Positive New knowledge (S1, S3, S6, S9, S11) 5
Better comprehension (S3, S5, S9) 3

Fast learning (S1) 1

A different point of view (S4) 1

Correction of mistakes (S8) 1

Lack of application No class discussions (S2, S12) 2
Neutral No effect (S7, S10) 2

Under the main theme of ““social experience and interaction”, the students were
asked about the effects of classroom discussions on learning. Most of the answers are
positive (f=11). Two of the students stated that they did not discuss in the classroom,
while the other two stated that the discussions did not affect learning. The answers
given by the students are as follows:

S1: “I learn different and new information from my friends.” (new knowledge)

S5: “The more my friends give examples, the better I understand the subject.”
(better comprehension)

S2: “There is no discussion in the classroom.” (no class discussions)
S10: “Some discussions are not effective.” (no effect)

In the fourth question, the students were asked which examples of our culture
related to the subject they covered in the Science course. The findings were given in
Table 11.

Table 11

Students’ views on the questions in the main theme of “sharing culture”

Main Theme: Sharing culture

Sub-themes Codes f

Existence of the application Vegetables and fruits (S1)
Elements (S2)
Natural disasters (S11)

© | »r P

Lack of application Lack of examples (S3, S4, S5, S6, S7, S8, S9, S10, S12)

Under the main theme of “sharing culture”, the students were asked what
examples they emphasized on the subject. Most of the students (f=9) stated that
examples of our culture were not given. The answers given by the students are as
follows:
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S3: “I do not remember whether we gave any examples.” (lack of examples)
S11: “Examples of natural disasters in Afyon were given.” (natural disasters)

In the first sub-question of the fifth question, the students were asked about the

effects of these real life examples on learning, and in the other sub-question, the effects
of experiments on learning were asked. The findings are given in Table 12.

Table 12

Students’ Views on the Questions in the Main Theme of “Relating with Real Life ”

Main Theme: Relating with real life

—h

Sub-themes Codes

The effects of examples from real life  Facilitating of comprehension (S1, S6, S7, S8, S11, S12)

Transfer to real life (S4, S10)
Correction of mistakes (S3)
Positive effect (S2)

Permanence (S5)

The effects of experiments on learning Facilitating of learning (S3, S4, S8, S10, S11)

Permanence (S2, S5, S7, S12)
Positive Effect (S1, S9, S12)
Responsibility (S9)

Success (S10)

) S = T B = =S CREYC )

The biggest effect of real life examples was facilitating students’ understanding

of the subject (f=6). The answers given by the students are as follows:

S8: “I learn the subject better with examples. When the teacher asks what the
subject is, | think of examples first, not the subject. Considering the example, 1
also learn the explanation of the subject”. (facilitating of comprehension)

S10: “We gave examples of the mixture of tea, water, and soil. | told my
mother whether the ingredients in the meals are homogeneous or
heterogeneous”. (transfer to real life)

The biggest effect of the experiments on learning was to facilitate learning (f=6)

and ensure the subject’s permanence (f=4), respectively. The answers given by the
students are as follows:

S2: “When we do experiments, what I learn becomes more permanent.”
(permanence)

S10: “Participating in the experiments of the subjects, covered on the days
when [ wasn’t attending school, at other times helped me learn those subjects. [

learned through the experiment and got a high grade from the exam.’
(success)
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Discussion and Conclusion

This study aimed to develop a scale to measure the co-constructionist
environment in the Science courses. As a result of the exploratory factor analysis, the
scale has become a five-dimensional scale. Accordingly, the first factor (collaborative
design) consists of 6 items and explains 43.914% of the total variance. The second
factor (collaborative work) consists of 6 items and explains 6.569% of the total
variance. The third factor (social experience and interaction) consists of 6 items and
explains 5.157% of the total variance. The fourth factor (sharing culture) consists of 5
items and explains 4.566% of the total variance. Finally, the fifth factor (relating to real
life) consists of 4 items and explains 4.165% of the total variance. Thus, the scale
consisting of 27 items and five factors explains 64.371% of the total variance. While the
Cronbach Alpha coefficient of the scale is .950, the Alpha coefficients of the factors are
as follows; .850, 852, .856, .874, and .868. Accordingly, the scale shows internal
consistency with its factors. Item total, item remainder, and item discrimination indexes
were examined for each item. In the item discrimination analysis, the difference
between the item average scores of the lower 27% and upper 27% groups formed
according to the total scores of the test was analyzed through an independent sample t-
test, and the difference was found to be significant (p<.01). In line with these findings,
the validity of the items on the scale is high. Confirmatory factor analysis was
conducted to obtain the accuracy of the factors obtained from the exploratory factor
analysis, and the confirmatory factor analysis results confirm the factor structure.
Therefore, the developed scale can be used to measure the co-constructivist
environment in the Science courses. The factor structure obtained from the exploratory
factor analysis was confirmed by the confirmatory factor analysis results
(RMSEA=.084; AGFI=.70; SRMR=.064; CFI=.91; NNFI=.90, x*/df=1.93). Moreover,
items created after literature research were verified statistically.

The scale consists of five sub-factors: “collaborative design”, “collaborative
work”, “social experience and interaction”, “sharing culture,” and “relating with real
life”. The content of these sub-factors is in line with the concepts of co-constructivism
as they are suggested as the main points of social constructivism in the study of
Eastwell (2002). According to the “collaborative design” sub-factor items, students are
expected to structure their knowledge and design new products together. The
developing person is an active and constructive individual in a collective culture (Lyra
& Valsiner, 1998, p. 187). While designing a new product or preparing a project with
his/her friends, he/she establishes a dynamic relationship with others. Knowledge does
not occur in the student alone but is formed by structuring with others (Reusser, 2001).
Since the 6th and 7th Grade curriculum subjects such as force, motion and energy;
conduction of electricity and electrical circuits; light and matter are suitable for
designing a tool, co-constructivism serves well for this aim of Science courses.

The second sub-factor, named “collaborative work,” consists of the activities
that students come together and do. Co-constructivism requires collaborative
compromise. Two or more people are expected to come together and work
collaboratively to build a common understanding (Reusser, 2001). In their scale
development study, Johnson and McClure (2004) found five sub-factors to determine
the constructivism environment. These are personal fitness, student compromise, joint
control, critical voice, and uncertainty. Among them, the closest concept to co-
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constructivism is student compromise. Cooperative learning lies at the heart of
constructivism. Collaborative work is also one of the cornerstones of the theory of co-
constructivism. In parallel with the study of Johnson and McClure (2004),
“collaborative work” was found as one of the sub-factors forming the scale in this study.
Conducting experiments in a school requires students to work in teams in a responsible
and kind manner because students are able to share their ideas and discuss possible
alternatives in a comfortable way. Co-constructivist environments make collaborative
work possible in Science courses.

Items in the “social experience and interaction” sub-factor are generally
composed of items that students come together and prepare a presentation. Students
interact while preparing a presentation and collectively make a decision for each part of
the presentation. Knowledge occurs between individuals who have common interactions
and conventions. Social theory, called co-constructivism, covers peer interaction and
higher-order thinking skills that vary according to the characteristics of social
interaction (Reusser, 2001). Dialogue between students is a crucial variable of co-
constructivism theory (Daws, 2005). Some studies in the field of Science (Marinopoulos
& Stavridou, 2008; Pilatou & Stavridou, 2008) found that knowledge is structured in a
social environment, and collaborative learning environments facilitate learning of
Science courses. Strong engagement and active participation are significant features of
co-constructivist theory. Through interaction with others, students will have different
perspectives on issues related to science and technology as they share information with
their peers. In this respect, this sub-factor of the Co-constructivism Scale in Science
courses contributes to the objectives of Science teaching.

Items in the sub-factor named “sharing culture” include transferring culture to
the classroom and exchanging culture with others. While structuring knowledge, the
cultural field is structured together. Many learnings occur as a result of cultural sharing
(Reusser, 2001). It is critical for science teachers to understand the fundamental,
culturally-based worldviews that students bring to class and how culture supports these
viewpoints. Science education is only successful if science can find a place in students’
cognitive and cultural environments (Cobern, 1998). As the students have different
cultural characteristics, they reflect different cultural aspects to the classroom, and
teachers should benefit from these multicultural features of the students in a positive
way. One of the ways to benefit from these cultural features is to blend culture sharing
within the course activities. Applying the principles of co-constructivism facilitates
culture sharing through social motivation, so the items in this sub-factor make it more
concrete.

Items in the last sub-factor, “relating with real life” require giving examples
from real life experience and conducting experiments. Through such activities, students
relate their learning experiences to real life. Among the concepts that create co-
constructivism, there is the relationship between learning experiences and real life
(Reusser, 2001). For this reason, in a classroom in which a co-constructivist
environment is provided, students should give real-life examples. Therefore, activities
should be task-oriented, and the materials used and the types of assessment should be
authentic. In Ozgiir's (2008) study, a scale was applied to students and teachers to
determine the constructivist environment. One of the sub-factors is related to learning
about life. It includes the item as “students can give interesting examples about science
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and technology in daily life, thanks to what they learn in the course”. This aspect of
Ozgiir’s (2008) study overlaps with one of the findings of this study. The items in this
sub-factor were aimed to make students associate them with real life by giving
examples from the subjects they learned about science. Science teaching aims to make
students relate what they learn to everyday contexts, so teachers should relate science
subjects to real life to make sense in students’ minds. Moreover, in a classroom where
the co-constructivist approach is adopted, students may easily find themselves in real-
life situations.

Structured interview forms have eight questions under five main topics: the sub-
factors of the previously developed scale (Ocak & Hocaoglu, 2018a). According to the
qualitative questions related to the sub-factor as “collaborative design” of the scale,
students have stated that they rarely design an instrument and prepare a project with
their friends. According to the data about the sub-factor as “collaborative work”,
students have indicated that they rarely research and prepare presentations with their
friends. According to the question related to the sub-factor called “social experience and
interaction”, students have mentioned that whole-class debates positively affect their
learning. According to the question related to the sub-factor as “sharing culture”, many
students have stated that examples about culture were not given. According to the
questions about “relating with real life”, students mentioned that they gave examples
about real life, and these examples and the experiments have facilitated learning and
understanding most. It has been found that the qualitative results of this study have been
mostly overlapped with the quantitative results of the study by Ocak and Hocaoglu
(2018b). Hereunder, it is possible to say that the validity and reliability of the scale
called “Co-constructivism” at Science Lessons of secondary education, which was
previously developed, has been ensured by the quantitative data, and the result is high.

The skills that Science courses want to develop in students (e.g., analytical
thinking, entrepreneurship, communication, teamwork) are parallel with the main
principles of co-constructivist learning. Therefore, if the teachers follow the principles
of co-constructivism, science learning will be more meaningful and permanent for the
students. This scale, “Co-constructivism” at Science Lessons of secondary education, is
a beneficial tool for determining how well a school atmosphere adheres to a co-
constructivist epistemology in terms of collaborative design, collaborative work, social
experience and interaction, sharing culture, and relating Science subjects with real life.

Implications

The roles of teachers in a co-constructivist environment are to guide students
and support them in engaging them in authentic and task-oriented, structured social
interactions. The items in this scale are restricted to the objectives of the 6" and 7%
Grade Science curriculum. Therefore, the objectives of Science curriculums at the
secondary education level can be considered for further scale development studies. For
further research, the environment of co-constructivism at Science courses can be
examined in terms of the interaction and relationship between students and teachers.
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ABSTRACT: This research aimed to lay bare pre-service teachers’ experience of History and Philosophy of Science
courses. Being a phenomenological design, this research has 19 pre-service teachers (age range 19-22 years; 10 male,
9 female) in its research group. Semi-structured interviews were used to collect data for the study. Seven open-ended
questions prepared by the researchers regarding this research were directed at the pre-service teachers. This data was
analysed by content analysis within the frame of descriptive phenomenology. At the end of this research, pre-service
teacher experiences of History and Philosophy of Science were gathered under the following main themes: “In my
opinion, the History and Philosophy of Science course...,” “What kind of teaching I would do if it were me?” and
“Have my Expectations Been Met?” It was determined that pre-service teachers support constructivist teaching, they
use positive expressions concerning the course’s educative and directive aspects, and they made some suggestions.
One view that has come to the fore in the research was that a pre-service teacher should complete this course. It can
be suggested that pre-service teachers should complete this course for their proficiency and personal growth.

Keywords: A history of science, phenomenological approach, philosophy of science, pre-service teachers, qualitative
research.

OZ: Bu arastirmada, ogretmen adaylarmin bilim tarihi ve felsefesi dersi deneyimlerinin ortaya ¢ikarilmasi
amaglanmstir. Fenomenoloji deseninin benimsendigi arastirmanin ¢aligma grubunu 19 &gretmen adayi (yas araligt
19-22; 10 erkek, 9 kadin) olusturmaktadir. Aragtirmanin verileri, yari-yapilandirilmig goriigme teknigi araciligiyla
toplanmigtir. Aragtirmanin amacina yonelik aragtirmacilar tarafindan hazirlanmig olan yedi agik uglu soru 6gretmen
adaylarina yoneltilmistir. Aragtirmada elde edilen veriler betimleyici fenomenoloji gergevesinde igerik analiziyle
¢ozlimlenmistir. Arastirma sonucunda dgretmen adaylarmin bilim tarihi ve felsefesi deneyimleri “Bana Gore Bilim
Tarihi ve Felsefesi Dersi...”, “Ben Olsam Nasil Bir Ogretim Gergeklestirirdim?” ve “Beklentilerim Karsiland1 mi?”
ana temalari altinda toplanmustir. Adaylarin siiregte yapilandirmact 6gretimi destekledikleri, dersin Ggretici ve
yonlendirici yoniiyle ilgili olumlu ifadeler kullandiklart ve ¢esitli onerilerde bulunduklan tespit edilmistir.
Aragtirmada en ¢ok one ¢ikan goriis ise, egitim fakiiltesinden mezun olacak her bir 6gretmen aday1 tarafindan bilim
tarihi ve felsefesi dersinin 6greniminin tamamlamasi gerektigi olmustur. Ogretmen adaylarinin alan yetkinlikleri ve
bireysel gelisimleri acisindan ilgili dersin 6grenimini tamamlamalari gerektigi diisliniilmektedir.

Anahtar kelimeler: Bilim tarihi, bilim felsefesi, fenomenoloji yaklagimi, nitel aragtirma, 6gretmen adaylar.
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Science is defined as an activity that has been used by humankind to explain the
universe. It is also regarded as a process that stems from human curiosity. In this
process, humankind’s place in the universe and its living conditions are explained. In
short, science is a process in which knowledge is generated; and it is a significant aspect
of our cultural and social life (Matthews, 1989). Human values, political and economic
problems, and the aims of education can be discussed thanks to science (Harding, 2017).
However, to do so, there is a need for people who can appreciate the place of science
within the intellectual and social scheme and who have a highly developed
understanding of science. The importance of teaching History and Philosophy of
Science while raising a generation that has a critical approach to scientific knowledge
and discussion has already been emphasised (Petersen et al., 2020). Indeed, related to
several branches of science such as history and philosophy, History and Philosophy of
Science is defined as the story of the birth and development of science (Kampourakis,
2019). In other words, the teaching process of History and Philosophy of Science
involves science’s contribution to society and scientists’ efforts (Gandolfi, 2018). In this
process, it was argued, students realise how science is indeed part of human
development (Chapel, 2004).

History and Philosophy of Science have found their place in education
programmes’ priorities because concepts in education programmes can be taught in an
integrated manner through History and Philosophy of Science (Irzik & Nola, 2014). For
instance, learning History and Philosophy of Science is effective in developing
problem-solving, decision-making skills, and scientific knowledge perception of pre-
service teachers enrolled at faculties of education (Griine-Yanoff, 2014). It is because
science as a concept becomes concrete through the teaching of this course to make sense
of scientific concepts (Matthews, 1989). Similarly, this course gives pre-service
teachers the chance to interpret scientific knowledge’s social and cultural effects. It also
provides them with an environment where they can make sense of concepts, improve
their individual ability to think, learn interdisciplinary knowledge, and make
interdisciplinary connections by learning about scientists’ lives and the historical period
they lived (Williams & Rudge, 2016). In short, it is believed that solutions for problems
in various areas of life can be found “with History and Philosophy of Science courses,”
and students or pre-service teachers can obtain several skills for social and cultural
events (Matthews, 1989). Likewise, a teacher who has studied the History and
Philosophy of Science can easily ensure conceptual change (Wandersee, 1986). In other
words, teachers who have a command of historical developments can foresee possible
difficulties to be faced (Cibik, 2016; Lin et al., 2010). When taught about the historical
context, students learn concepts by making sense of them, and a course enriched by
History and Philosophy of Science improves their attitude towards the topic (Lin et al.,
2010). In short, the literature shows how knowing the History and Philosophy of
Science can enrich learning environments and increase students’ reasoning and critical
thinking (Clough, 2011). At this point, it is important to note that pre-service teachers’
views of and attitudes towards History and Philosophy of Science courses are
significant (Teixeira et al., 2012). Determining what their views and attitudes are would
contribute to the field since these pre-service teachers are the ones who would transfer
their knowledge of History and Philosophy of Science to the next generation (Kokkotas
et al., 2009). Consequently, with all these expressions, the effect of the History and
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Philosophy of Science courses was thus emphasised; most importantly, it is evident that
this course should be integrated into the education programs (Gandolfi, 2020). In this
respect, it is known that with the update in teacher training undergraduate programs in
Turkey in 2018, History and Philosophy of Science courses are included in general
knowledge elective courses. This course enabled pre-service teachers to have an opinion
of disciplines different from their own such as mathematics, philosophy, literature,
politics, and geography. Moreover, such a course is also aimed at making students
appreciate the interconnectedness and the united nature of human success stories
(Hodson, 2019; Matthews, 1989). For instance, in a study carried out by Giiney and
Bakanay (2018), it was determined that pre-service teachers’ interests in their fields
increased when they had the opportunity to establish a connection between the things
they learned in History and Philosophy of Science courses and their fields. The study
noted that pre-service teachers thought that communication was better, and the whole
course ran much smoother when it was enriched by History and the Philosophy of
Science. Moreover, pre-service teachers expressed that they lack the necessary
knowledge of how to relate History and Philosophy of Science with their fields because
they did not have a separate History and Philosophy of Science course. In this respect, it
was revealed that teaching programs need a course that focuses solely on the History
and Philosophy of Science and that this course should be compulsory for every pre-
service teacher. Similarly, Yenikalayct and Yiiksel (2020) also consulted pre-service
teachers’ opinions on the History and Philosophy of Science. Their study asked pre-
service teachers open-ended questions on Ancient Greece, Medieval Europe and
Scholastic Thought, Islamic cultural geography, Mesopotamia, Renassaince Europe, and
the Age of Enlightenment. At the end of the study, it was found out that pre-service
teachers have incomplete or incorrect information even about the History and
Philosophy of Science related to their fields because there was little room for the
History and Philosophy of Science in teaching programs. In the study, it was voiced out
that pre-service teachers need the teaching of a separate History and Philosophy of
Science course to get rid of their incorrect or incomplete knowledge. In conclusion,
based on the studies carried out in Turkey in recent years, it can be argued that History
and Philosophy of Science courses are a necessity; they would provide a significant
advantage for pre-service teachers in their professional lives, and therefore, the views of
pre-service teachers who have this experience would give a new impulse to the field.

Aim

This research aims to lay bare pre-service teachers’ experience of History and
Philosophy of Science courses. To this end, the History and Philosophy of Science
course, which has been offered as an elective for the first time, was selected; and the
views of pre-service teachers from different disciplines were examined with a
phenomenological outlook. The study sought an answer to the question: “How do pre-
service teachers make sense of their experience of the History and Philosophy of
Science course?”
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Method

Research Design

This research was designed in the phenomenology design because it focused on
how pre-service teachers make sense of their personal experience and the nature of
making sense of things (Christensen et al., 2015; Patton, 2014). Phenomenology design
provides rich ideas about how pre-service teachers make sense of their experience
(Smith & Osborn, 2015). Moustakas (1994) also argues that the contexts and situations
affecting the phenomena can be determined, and expertise can easily be put forth
(Creswell, 2013). In this respect, this study aimed to determine how pre-service teachers
make sense of and experience the History and Philosophy of Science course and
determine their views of this course. Therefore, it was decided that descriptive
phenomenology would explain this situation because it aimed to describe pre-service
teachers’ perceptions, ideas, and experiences while revealing their knowledge.
Individuals’ experiences could be approached using descriptive phenomenology
(Weinberg et al., 2018).

In the study, the experiences of the pre-service teacher were evaluated through
descriptive phenomenology irrespective of the subjective convictions of the researchers.
The meaning of their experiences and how their experiences were interpreted by
themselves were investigated without reducing them to a biological entity (Vagle, 2018,
p. 28). This study aimed to make visible the invisible aspects of pre-service teachers’
experiences; it did not aim to put forward or confirm any theory while doing this. The
investigation process progressed by employing an unbiased and critical perspective. As
such, lived experiences could be described (Dahlberg et al., 2008). In short, the study
used the descriptive phenomenology research design planned by Giorgi (2009, p. 166)
by turning Edmund Husserl’s transcendental phenomenology into a research method.

Study Group

The researchers applied at the Ethics Committee of a Turkish state university
where the research was planned to be realised. After receiving a positive response from
the said committee, the researchers contacted the pre-service teachers enrolled in the
History and Philosophy of Science course at this university’s education faculty. Study
group of this research was determined by the voluntary participation of pre-service
teachers who enrolled in the History and Philosophy of Science course during the Fall
semester of the 2020-2021 academic year. The 19 pre-service teachers (age range 19-
22; 10 Male, 9 Female) were sophomores at the education faculty. Five of these pre-
service teachers’ study Guidance and Psychological Counselling, four of them study
Science Education, three of them study Computer and Instructional Technology
Education, two of the study Primary School Mathematics Education, two of them study
Biology Education, one of them study Chemistry Education, one of them study Physics
Education and one of them study Mathematics Education. There are various views on
the number of people in a study group in phenomenology research in literature. Based
on Dukes and Polkinghorne, Creswell (2014) argues that the number of participants can
vary between 3 and 25 while Dukes (1984) suggests 3-10 people and Polkinghorne
(1989) offers 5-25 people as participants. In this respect, this study considered the
literature and the voluntary participation of 19 pre-service teachers. These pre-service
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teachers elected the History and Philosophy of Science course and experienced the
History and Philosophy of Science in their natural learning processes.

History and Philosophy of Science Course

In this study, the teaching was carried out by being faithful to the History and
Philosophy of Science course, which is part of the teacher training undergraduate
program and aims to teach concepts holistically with the History and Philosophy of
Science. Therefore, during the course period, science was mentioned in the old age, the
middle age, the new era, the modern era, the Hellenistic era, the renaissance, Islam, the
novel, and ancient Greece. The History and Philosophy of Science course were taught
each subject for a semester according to the following four steps (Seker et al., 2013):

Interest step: In this step, pre-service teachers were attracted to the course with
biographical stories about scientists. For instance, Blaise Pascal (1623-1662) was made
into account as follows: “Pascal’s genius manifested when he was rather young. When
he was 12, he started drawing circles and equilateral triangles. Although he did not
know the geometry, he discovered that the sum of the triangle’s interior angles equals
two right angles. As a child, he asked his father, “What does geometry study?” His
father replied, “It studies drawing shapes correctly and examines the relationship
between parts of those shapes.” Based on this answer, Pascal secretly formulated
geometry theories and started to prove them. Finally, his father noticed his son’s talent,
and he gave him Euclid’s elements and Apollonius’ conics.

Socio-cultural Step: In the socio-cultural step, the aim was to correlate science
and society’s history and philosophy. Social repercussions of the scientists’ work were
examined in terms of science, culture, and technology. For instance, of course, the
printing machine invented by Johannes Gutenberg in 1436 was relatively primitive at
the beginning. However, it was still highly significant as a tool in initiating mass
printing. Then, this invention was discussed in the course in terms of science, society,
and technology.

Epistemological Step: At this step, methods scientists use in generating scientific
knowledge were introduced to pre-service teachers, and the objective was for students
to understand the changeability of science. During this introduction, the lecturer was
present in the classroom as a guide. At this point, for instance, a video about Galileo
Galilei (1564-1642) was shown to students (Link:
https://www.youtube.com/watch?v=LPG8XNFLRsk). Science tells that a previously
moving object would stop if it is left on its device; its movement can be maintained only
by a push or pull from an external force. The video shows that Galileo subscribes to a
contrary view and contends that “A moving object would maintain its movement at a
monotonous speed when it is freed from external factors.” Galileo tried to prove this to
his audience, especially to the professors whose courses he was enrolled in, by throwing
lead pieces of different weight from the Pisa Tower. In this respect, the process in which
Galileo exhibited the changeability of science and discovered two significant laws of
physics was presented to the students via this video.

Conceptual Step: In this final step, by creating discussion opportunities, students
were enabled to realise the similarities between the conceptual structures they formed
during the learning process of this course and the concepts they have developed in their
minds before concerning the History and Philosophy of Science. At the same time, pre-
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service teachers supported structuring their field knowledge and discussing ideas
through group studies.

Data Collection and Application

Data of this research were collected by semi-structured interview technique. In
qualitative studies, interviews are called “purposeful chats,” and here, the aim was to
reveal the pre-service teacher experience (Merriam, 2009). First, seven open-ended
questions prepared by the researchers regarding this research were directed at the pre-
service teachers. The questions were finalized in line with expert opinions. To reach
rich discourse, interactive interviews were carried out with the pre-service teachers; a
thorough examination of pre-service teachers’ experiences was aimed by asking flexible
in the questions and providing additional questions (Burns & Peacock, 2019).
Interviews were realised one-on-one following the last week of the semester, with three
weeks on the place, days, and hours determined by the pre-service teachers themselves;
they took about 50-55 minutes. In this process, each pre-service teacher was met twice.
All interviews were audio-recorded with the permission of pre-service teachers. Data
were analysed after these audio recordings were transmitted to digital media.

In the interviews, the following questions were asked:

e Could you please explain what the History and Philosophy of Science courses
mean for you?

e How would you, as a pre-service teacher, define the place of History and
Philosophy of Science courses in education? Explain in detail.

¢ In your opinion, what is the appropriate way to teach the History and Philosophy
of Science course? Explain in detail.

e Keeping in mind your educational journey, what teaching level do you think is
appropriate for the History and Philosophy of Science course? Explain in detail.

e Has taken the History and Philosophy of Science course made you notice that
you have erroneous thoughts that you thought were true? Explain in detail.

e Have your expectations concerning the History and Philosophy of Science
courses been met in the process? Explain.

e What quality can a lecturer teaching History and Philosophy of Science have for
teaching to be effective? Explain.

Data Analysis

Qualitative data obtained in this research were analysed by content analysis
within the framework of descriptive phenomenology. Analysis steps utilised in the
study can be found in Figure 1.
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Figure 1
Data Analysis Steps

Creating the
Codes

Classifying the
codes under
sub-themes

Presenting the
sub-theme
under the main
themes

As shown in Figure 1, interviews conducted with the pre-service teachers were
transcribed; these transcriptions were read and re-read. Then, expressions of a similar
nature were brought together to create codes. For instance, “I think the past should be
recreated in the course environment by sample case texts. | think simulations and
demonstration experiments can be employed to do so (PT#5)”, along with similar
expressions by pre-service teachers showed that case studies, demonstration
experiments, video shows, experiments, simulations, questions and answers,
discussions, and group studies techniques should be utilised in the teaching of the
History and Philosophy of Science courses. When these views gathered similar
expressions, codes such as case studies, demonstration experiments, video shows,
experiments, simulations, questions and answers, discussions, and group studies were
formed. Then, these codes were classified under sub-themes in a meaningful way,
taking into account the characteristics of these codes. Because the codes given in the
sample support constructivist teaching, it was decided that the codes should be gathered
under the ‘Constructivist Teaching’ sub-theme. Finally, sub-themes were presented
under the main themes to indicate what each section meant to be easily understandable
by the reader. To this end, the constructivist teaching sub-theme was presented under
the main theme titled “What Kind of a Teaching Would I do If It Were Me?”” Formed as
such by the researchers, the codes, sub-themes, and main themes were constantly
revised during the process. The codes, sub-themes, and the main themes determined by
the researchers were presented to experts who are specialised in content analysis for
qualitative studies; two experts who hold PhDs in the field were asked to code the data.
Thus, looking at the harmony and consistency between the researchers and the field
experts, final themes, sub-themes and codes were decided; and a consensus about the
schematic demonstration given in the findings section was also reached. As a result of
data analysis, content analysis, three themes and several subthemes under these themes
were reached. To support the research findings, pre-service teachers’ views were
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presented in the relevant section directly in the form of quotations. In the presence of
direct quotes, personal information about the participants was not used for ethical
reasons; instead, each pre-service teacher was given a code (PT1, PT2, ...., PT19)
(Creswell, 2013; Yin, 2014).

Validity and Reliability Studies

In the study, believability, transferability, consistency, and confirmability
dimensions were handled within the context of validity and reliability. In this respect, a
literature survey was carried out to ensure believability, and a conceptual framework
was formed. Detailed information about the participants and all stages of the study were
presented, expert opinion was consulted, thereby helping readers decide on the
believability of the expressions. Pre-service teachers were informed about the aim of the
study; confidentiality was emphasised so that pre-service teachers would feel safer and
more comfortable during the interviews. Moreover, reliable data were obtained by
having a prolonged interaction with the pre-service teachers. To ensure the
transferability of the study, interviews and the analysis steps were explained in detail.
Likewise, the study group, data collection tool, the process, and the data analysis were
defined to make sense for the reader. Data obtained in the study were presented
objectively by providing direct quotations; the relationship between the processes was
also explained.

Moreover, the study was raised easily to comprehend by supporting it with
figures and using accessible language (Creswell, 2014). For consistency, the data of the
research and the conclusion should be consistent. To this end, interviews were recorded
while they were being carried out face to face. Then the data set were coded first by
multiple researchers and then by experts; accord between them was checked. When
codings differed, a consensus was reached going over it together. In other words,
inconsistencies in codes, sub-themes, and the main theme so that there is unity in data.
Finally, within the scope of confirmability, data of the study, free of personal
assumptions and biases, were confirmed by the conclusions reached by the survey.
Relevant associations were drawn with the literature, and the findings were presented to
the reader. Moreover, data analysed by the researchers were stored digitally to access
whenever necessary (Creswell & Poth, 2018).

The Researchers’ Role

In this research, the aim was to describe pre-service teachers’ experience, and it
was conducted by researchers with the knowledge of qualitative research in a curious
process. In this process, researchers were open-minded, flexible, accommodating,
patient, and emphatic; they were also determined, insistent, and curious. They
conducted this research with the objectivity expected from a researcher doing
descriptive phenomenology. Researchers, both proficient in their field and good
listeners, were consistent and treated the pre-service teachers warmly and candidly.
They listened to their expressions carefully, always keeping their values in mind.
Moreover, they provided an environment in which pre-service teachers could answer
questions honestly and comfortably. In conclusion, the researchers displayed a sensible
and sensitive attitude in managing the process (Smith & Osborn, 2015).
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Ethical Procedures

Pre-service teachers were briefed about the ethical issues and the voluntary
nature of participation before the interviews started. They were informed that they could
conclude the interview any time they liked. They do not have to answer any question;
they do not want to answer so that their identity or any information related to their
identity will never be revealed. The data obtained from the interviews will be kept
confidential. This research was found ethically appropriate with the decision numbered
35853172-600 at the meeting held by Hacettepe University’s Ethics Commission on 10
November 2020.

Findings
Findings obtained from the interviews were determined by the teaching process
of the History and Philosophy of Science courses they have experienced. Pre-service
teachers’ perception of the study was gathered under three main themes. These themes
are “In My Opinion, The History and Philosophy of Science Course...,” “What Kind of
a Teaching Would I Do If It Were Me?” and “Have My Expectations Been Met?”
(Figure 2).

Figure 2
Preservice Teachers’ Experience of History and Philosophy of Science Courses

In my opinion, the History and
Philosophy of Science course....

History and Philosophy
of Science Course

Have my expectations been What kind of teaching
met? would | do if it were me?

The themes determined in the research put forth how pre-service teachers make
sense of the History and Philosophy of the Science courses, how they think the study
should be taught, and what their expectations are. The content of these themes is given
in detail below.

In My Opinion, The History and Philosophy of Science Course...: Before
and After the Course

In this theme, pre-service teachers underlined what the History and Philosophy
of the Science courses mean for them. “In My Opinion, The History and Philosophy of
Science Course...” central theme was handled under two dimensions in this research.
These were “before course” and “after course.” Codes for these subthemes were also
determined. Sub-themes and regulations concerning the central theme “In my opinion,
the History and Philosophy of Science course...” can be found in detail in Figure 3.
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Figure 3
Subthemes and Codes Concerning the Central Theme “In My Opinion, The

History and Philosophy of Science Course...”

In My Opinion, The History and Philosophy of
Science Course...

After Course

Before Course

* Guiding
* A necessary course to learn
* Satisfying curiosity
* Acquiring general knowledge
* Developing a viewpoint for science
* Realising false facts
* Completing incomplete knowledge
* Associating science with today’s world

* Guiding
* Intriguing and
compelling

Level of Teaching

* From primary school onward
* From secondary school onwards
* From undergraduate level onwards

Before course, pre-service teachers indicated that the History and Philosophy of
Science course would guide and were curious about the course. Examples of pre-service
teachers’ views on them before course subtheme can be found below: (PT: Preservice
Teacher, #: Number):

“History and Philosophy of Science courses remind me how and in what conditions science has

progressed. | took this elective course, thinking that it would guide me because | have wanted
to know more about the relationship between History and the Philosophy of Science and

today’s world (PT#4).”
“... I have always wanted to learn about the History and Philosophy of Science, experience,
inventions, and make sense of all of these. | have always been intrigued by how scientists
developed their ideas or how events were grounded in science’s philosophy (PT#19).”
Pre-service teachers’ views revealed that they are willing to learn in this course
and curious about its content. They maintained that they acquired some general
knowledge thanks to this course and could relate scientific advancements in today’s
world.
After course, pre-service teachers still contended that this course was instructive;
they also mentioned that their curiosity was satisfied. They maintained that this course
contributed to their general knowledge and improved their perception of science. They
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also indicated that they could complete their incomplete knowledge and realised they
had specific false facts. It was determined that pre-service teachers had different views
on when this course should be taught: their opinions varied from primary school to an
undergraduate degree. Their ideas are presented below:

“A teacher should have general knowledge, answer students’ questions, and be proficient in
their field; so, | can say that a pre-service teacher should take this course. | do believe this
course satisfies one’s sense of curiosity (PT#14).”

“Everything in life stems from philosophy. In this course’s teaching, we should first determine
our philosophy of education and then after forming models, teach about scientists by mixing
our teaching with history. For instance, we cannot teach a student about the theory of evolution
before we teach them about science history. The student will not understand it if they cannot
differentiate between a thesis and a hypothesis. In other words, this course should be taught
based on science. This course may raise a generation who can relate scientific history to today
and generate new ideas (PT#1).”

“Thanks to this course, one can learn how scientists think and how science is done. This course
can change our science view by showing us how some of our knowledge is based on false
facts. | realised how much incomplete understanding | had in this course. | thought many of the
inventions occurred in the West but learned that some of them indeed happened in the East
(PT#8).”

“This is an essential course taught to students progressively from the primary school social
studies course. This course applies to all fields of life. In the primary school level, information
may be limited to the first age so that topics become more attractive, and students are intrigued.
More in-depth teaching can be done at the secondary school and undergraduate levels
(PT#16).”

“Students who have already decided on their field at the secondary school level can be briefed
about this course’s content, and they can be taught how they can obtain scientific knowledge in
their areas. It can be ensured that students deepen their understanding without any mistrust of
science and jointly analyse the birth philosophy and history of science (PT#11).”

“Mentally mature students can focus on this course more efficiently and more willingly; that is
why | think this course should be taught at the undergraduate level. This would enable more in-
depth learning of topics and lecturers will more efficiently conduct the study with students who
can quickly answer questions (PT#7).”

Pre-service teachers’ expressions reveal that this course is essential; pre-service
teachers think that each pre-service teacher should have sufficient knowledge of History
and Philosophy of Science.

What Kind of a Teaching Would | Do If It Were Me?: Constructivist
Teaching

Pre-service teachers regarded the teaching of History and Philosophy of Science
courses in a single dimension. They argued that the teaching of this course should be
done according to constructivist theory. Subthemes and codes concerning the central
theme “What Kind of a Teaching Would | Do If It Were Me?” were given in detail in
Figure 4.
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Figure 4

Subthemes and Codes Concerning the Central Theme “What Kind of a Teaching
Would I Do If It Were Me?”

What Kind of a Teaching Would I Do If It Were
Me?

Constructivist Teaching

* Case Study
* Demonstration Experiment
* Video show
* Experiment
* Simulation
* Question & Answer
* Discussion
* Group Study

Traditional Teaching

* Lecture

Pre-service teachers emphasised that the teaching of History and Philosophy of
Science should be done according to constructivist theory; they specified that such
learning should be realised by using case studies, demonstration experiments, video
shows, experiments, simulations, question and answers, discussions and group studies.
Pre-service teachers also indicated that traditional teaching methods could also be
utilised in certain parts of the course. Pre-service teachers’ views are as follows:

“In this course, students should be included in the process, and there should be frequent group
studies. In my opinion, the level should not rely only on lecturing, but it can, of course, be done
at specific points. Moreover, videos about scientists’ inventions can be shown or experienced
environment through experiments (PT#12).”

“l think the past should be recreated in the course environment by sample case texts. | think
simulations and demonstration experiments can be employed to do so (PT#5).”

“Pre-service teachers enrolled in this elective course can be given a plan appropriate for their
discipline. Scientists appealing to pre-service teachers can be examined and what they changed
and what their viewpoint was can be focused on. Instead of a detailed lecture on these
scientists’ inventions, their contribution to science should be the focal point. Interesting
questions can be used as an introduction, and then the course should continue with questions
and answers. Examples from daily life can help create a discussion environment. As such,
everything can be handled with a critical perspective (PT#17).”

Pre-service teachers’ expressions indicate that they take constructivist theory to
teach for the History and Philosophy of Science courses; they also support learning by
doing and experiencing.
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Have My Expectations Been Met?: Positive Expressions, Suggestions, and
Characteristics of the Lecturer

It was determined that pre-service teachers explained their History and
Philosophy of the Science course and their expectations of this course in a positive
expression. Pre-service teachers also listed the necessary qualities required of the
lecturer of this course. Pre-service teachers’ names were presented under the central
theme “Have My Expectations Been Met?” Subthemes were determined as “Positive
Expressions”, “Suggestions”, and ‘“Characteristics of the Lecturer.” Subthemes and
codes determined in the research were explained in detail in Figure 5.

The views of pre-service teachers presented under the “Positive Expressions”
subtheme reveal that this course met their expectations because pre-service teachers
underlined the educative aspect of this course; they also mentioned that learning
occurred by doing and experiencing rather than by rote and that the use of different
teaching methods and techniques ensured permanent education. Moreover, they said
they learned while at the same time having fun. Pre-service teachers’ views are as
follows:

“l was never bored in this course, and | think exciting points were adequately emphasised. |

willingly came into the classroom and learned while having fun. Using different teaching
methods and techniques made the subject even more comprehensible (PT#18).”

“This is not a course in which you learn things by rote. Thus, | believe things should be known
by doing, experiencing, and activities. | can say that this course was fun and useful for me
because of its teaching process (PT#5).”
In the guiding dimension, pre-service teachers indicated that the lecturer adopted
the role of a guide. Moreover, they underlined that the lecturer’s guiding role created a
healthy discussion environment, taking advantage of having pre-service teachers from
different disciplines. Various activities enabled many of the pre-service teachers to have
information outside of their field. About the instructive dimension, pre-service teachers
also mentioned that they could relate things to daily life. Their views are as follows:

“Under the lecturer’s guidance, | had the opportunity to have in-course discussions with friends
from other disciplines. | learned from my friends about things | have had no idea about before.
I can say that a course consisting of students from different disciplines is an advantage
(PT#7).”

“l have always wanted to learn about the History and Philosophy of Science from A to Z, and |
did thanks to this course. | noticed examples from daily life in particular; under our lecturer’s
guidance, | can now relate what | know of everyday life (PT#10).”
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Figure 5

Subthemes and Codes Concerning the Central Theme “Have My Expectations
Been Met?”

Have My Expectations Been Met?

Positive Expressions o
Characteristics of the

Lecturer

Educative

* Learning by experiencing
and doing

Professional
* Proficiency in

Personal
* Critical thinking

* Permanent learning by * Ability to empathise their field
using different teaching * Being open-minded * Guide
methods and techniques * Having good * Ability to

utilise different
teaching methods
and techniques

* Learning while having fun communication skills

* Having the ability to
assess events
objectively

Instructive

* Guide
* Ability to relate
events to daily life

Suggestions

* Increasing course hours

* Reducing the use of lecturing as a
method of teaching

* Giving homework so that students

have prior knowledge of the topic

Under the “Suggestions” subtheme, pre-service teachers’ suggestions for this
course were presented. Pre-service teachers said that the course content was loaded, and
the duration was short; they underlined that the course hours should be increased
because two hours a week was not enough. As they mentioned before, they thought
lecturing should be done only minimally in this course; they maintained that having
prior knowledge of topics before coming to class would affect their learning. In other
words, they believed that coming to the course prepared would help them make sense of
the issues and enable them to be more active in the process. Some examples of pre-
service teachers’ views are as follows:

“l think the course content is loaded and the duration limited; we had to rush through the

topics, and thus we did not have enough time to internalise some concepts: they remained at
the surface level and were not fully learned (PT#1).”
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“l think we should be given a type of homework before the course to come to the class
prepared. | think this would help us make sense of the topics more efficiently, and we can
participate in the process more actively. For example, we can watch an extract from a movie or
read a book about the subject or study as a group before the course (PT#15).”

Pre-service teachers had constructive views, and they believed the course hours

of this elective course should be increased.

Finally, pre-service teachers thought that the lecturer’s characteristics were as
useful to the teaching process as their professional qualities. In the professional
dimension, pre-service teachers indicated that the lecturer should be proficient in their
field, instructive, and should have the ability to use different teaching methods and
techniques. The personal characteristics dimension said the lecturer should have critical
thinking skills and empathise, be open-minded, communicative, and objective. Pre-
service teachers’ views are as follows:

“The first thing is, the lecturer should be proficient in the field; only then can permanent
learning be ensured. | also believe that the lecturer should utilise different teaching methods
and techniques to be fun and educative. Hence, students became active participants in the study
(PT#3).”

“| think personal qualities are as important as professional proficiency to teach this course. |
mean, a person who can think critically and can empathise, who is open-minded and objective,
can conduct this course more effectively (PT#13).”
Pre-service teachers’ views revealed that the lecturer’s field did not make any
difference; having specific professional and personal characteristics was considered
more important.

Discussion, Conclusion, and Suggestions

This research aimed to lay by pre-service teachers’ experience of History and
Philosophy of Science courses. At the end of the study, pre-service teachers’ knowledge
was collected under several themes, namely, “In My Opinion, The History and
Philosophy of Science Course...,” “What Kind of a Teaching Would | Do If It Were
Me?” and “Have My Expectations Been Met?” In the theme titled “In My Opinion, The
History and Philosophy of Science Course ...,” pre-service teachers expressed their
opinions before and after the course. In the article titled “What Kind of a Teaching
Would I Do If It Were Me?” It was seen that pre-service teachers supported
constructivist teaching. Finally, in the theme titled “Have My Expectations Been Met?”
It was seen that pre-service teachers used positive expressions for the educative and
instructive aspect of the course. They talked about the lecturer’s characteristics, before
course the History and Philosophy of Science course, the pre-service teachers listed
among their reasons for electing this course. They thought this course was instructive
and interested in taking this course. Since this was an elective course on general
knowledge, it was evident that pre-service teachers willingly and curiously elected it.
Indeed, it could be evinced that pre-service teachers wanted to understand the scientific
process (Suprapto et al., 2019). After teaching, pre-service teachers’ views were still
complimentary, and they indicated that this course was instructive and that it was able
to satisfy their curiosity. Niaz (2016) also mentioned that it resulted from the fact that
pre-service teachers now knew the emergence of scientific knowledge and scientists’
characteristics. It was thought that pre-service teachers objectively handled science, and
having an increased interest in scientific studies might have been useful here (Fusti &
Gilbert, 2000).
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Additionally, pre-service teachers underlined how they acquired general
knowledge and how their perception of science improved. This finding was compatible
with the literature; raising pre-service teachers’ awareness for this course was regarded
as the cause of such development (Dougherty & Moore, 2019). Similarly, after this
course, pre-service teachers completed their incomplete knowledge and realised the
false facts that assumed to be true. As was also discussed in the literature, pre-service
teachers associated the History and Philosophy of Science with the West (Song & Kim,
1999). Considering the level of education, the pre-service teachers’ lack of prior
knowledge of science in Islam, which is indeed part of their own culture, should be
inquired. Pre-service teachers must know the importance of their own culture within the
world culture and the history of civilisation; they are expected to have an increased
interest in the History and Philosophy of Science, being inspired by scientists’
contributions (Gandolfi, 2018).

It was revealed in this research that pre-service teachers’ level of knowledge
increased with the History and Philosophy of Science courses; pre-service teachers
expressed how they had a cognitive change once they realised their mental
contradictions. Cibik’s study (2016) supported this finding, which argued that pre-
service teachers could associate science with daily life. In other words, pre-service
teachers could now make connections between science and society, and they could find
solutions to problems by using technological advancements (Gandolfi, 2020). The most
frequently underlined expression in this research was that a pre-service teacher should
take this course. Although this was an elective course, pre-service teachers could
recommend taking it for personal development and professional proficiency. Indeed,
after taking this course, pre-service teachers would be able to poke their own students’
curiosity, enrich their in-course presentations, have lectures by creating contextual
relations between concepts, and support their students in seeing the totality of a content
(Fouad et al., 2015; Nouri et al., 2019). Pre-service teachers supported the use of
constructivist teaching in the teaching of this course. It is believed that using
constructivist teaching in this course would have an enormous effect on the cognitive
development of pre-service teachers (Biachtold & Munier, 2019). Pre-service teachers
themselves argued how utilising constructivist teaching would result in permanent
learning; they maintained that different teaching methods and techniques should be
employed to run the process. Other research also arrived at the same conclusion (Farris
et al., 2019); research in the literature shows that pre-service teachers do not want to be
taught in a monolithic manner; instead, they support learning that is realised by inquiry,
encouraging creative ideas and through in-course interaction (Lagin-Simsek, 2019). In
this respect, pre-service teachers indicated that the lecturer should use different
techniques such as case studies, demonstration experiments, simulations, group studies,
question and answer sessions, and discussions. Besides pre-service teachers’
expressions, there is evidence in the literature that constructivist teaching methods and
techniques are useful in making sense of scientific knowledge (Norris et al., 2005). In
the literature, it was also argued that constructivist teaching might increase the interest
in the History and Philosophy of Science courses; a sense of curiosity may be poked by
asking questions related to the subject, motivation can be improved, and students can
become more active in the problem-solving process (Klassen, 2009).
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In addition to these, pre-service teachers indicated that traditional teaching
methods such as lecturing could be used in some parts of teaching along with
constructivist teaching. However, pre-service teachers repeatedly emphasised how rote
learning has no place in this course and showed that they do not support traditional
instruction. Indeed, since this course requires conceptual and procedural knowledge, it
can only be secured by innovative applications (Biachtold & Munier, 2019). Pre-service
teachers also argued that the History and Philosophy of Science courses could be taught
at various levels, beginning with primary school. It was indicated that the teaching of
History and Philosophy of Science could be used beginning with social studies courses
in primary schools; it could be done at the secondary school level in explaining how
scientific knowledge is obtained and about the birth of science, and it could be used at
the undergraduate level in in-depth learning. Several studies in the literature also
contend that this course, which is believed to be appropriate for different teaching
levels, should be provided for students in education programmes (Kim & Irving, 2010).
In other words, the objective is to teach students how they can search for knowledge and
have a theoretical basis. Another goal is ensuring that students learn the process of
scientific research and the emergence of scientific knowledge. Moreover, arriving at
conclusions about learning and reporting it and raising awareness about scientific
research methods are among the desired outcomes (ingeg et al., 2016; Rudge & Howe,
2009).

Another result obtained from this research is that pre-service teachers learned by
doing and experiencing things by having fun. The use of different teaching methods and
techniques ensured permanent learning. Pre-service teachers mentioned the lecturer’s
instructive role; they maintained that they could now relate daily life things. Some
conclusions were drawn in the literature about teaching History and Philosophy of
Science based on constructivist theory (Béachtold & Munier, 2019; Garik et al., 2015;
Hadzigeorgiou, 2006). Moreover, the research underlined that the lecturer created a
lively discussion environment using the fact that there were students from different
disciplines in the course, which ensured that the pre-service teachers could know
outside of their areas via various activities. It shows that the lecturer’s instructive role
created an opportunity for pre-service teachers’ academic success to increase; the
lecturer helped for meaningful and permanent learning by giving students confidence
and motivation (Nouri et al., 2019). It was determined in this research that pre-service
teachers regarded the characteristics of a lecturer in two aspects. They indicated that the
lecturer’s unique features are as important as their professional proficiency.
Professionally, the lecturer was expected to be proficient in their field, instructive, and
use different teaching methods and techniques. Personally, the lecturer was expected to
have skills in critical thinking, empathising, open-mindedness, communication, and
being objective. Pre-service teachers’ expressions revealed that this course’s lecturer
should have multiple qualities (Cross, 1916). Sarton (1930) also focused on the point
and argued that the most critical factor in teaching History and Philosophy of Science is
the lecturer because he believed that an inappropriately provided education would have
devastating results. In this respect, this course should be taught by individuals capable
of thoroughly explaining things.

Finally, pre-service teachers argued that the content of this course was packed
while the duration was limited. It can be suggested at this point that the number of
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course hours should be increased instead of omitting certain parts of the content (Emren
et al., 2019). Another result of the research was that pre-service teachers believed that
prior knowledge would be useful in their learning before coming to the course. Pre-
service teachers’ level of experience concerning History and Philosophy of Science is
insufficient. Indeed, most of their prior knowledge comes from media or popular books
(Ma & Wan, 2017; Metz et al., 2007). That is why pre-service teachers expressed that
they could be given homework in the form of group work or based on an extract from a
book or a movie before the course; it was determined that this was how they wanted to
improve their prior knowledge levels. In other words, pre-service teachers believed that
coming to the class prepared would ensure more permanent learning and more active
course participation. These pre-service teachers’ suggestions aim to increase education
quality (Ma & Wan, 2017).

Limitations

Consequently, this research laid bare the pre-service teacher experience of
History and Philosophy of Science courses. Participants of this research consisted of
pre-service teachers who took the History and Philosophy of Science course for the first
time in a state university. In this sense, the study reflects the views and experience of a
limited group. Moreover, this research has a known limitation due to its research design,
which does not allow its conclusions to be generalised. The difficulty of getting rich
data, data analysis, determining a research group, and the researcher’s experience also
create limitations. To obtain rich data from pre-service teachers, interviews were held
immediately following the course’s teaching to minimise memory issues. The research
aimed to keep in mind when determining the research group; pre-service teachers were
selected only if they had experienced the History and Philosophy of Science course. In
the data analysis, the whole data was examined about the formed themes, without losing
sight of a holistic viewpoint. Finally, it can be argued that researchers have knowledge
and experience in planning and running qualitative research (Creswell & Creswell,
2018). The research problem could be rehandled with more participants and through
qualitative and mixed research approaches in prospective studies to overcome these
limitations. The research problem can be discussed within the frame of different
variables using various assessment tools and methods. Moreover, a comparative
analysis of pre-service teachers’ views and experiences and teachers who have taken
this course would shed light on the field differently.

Implications

This study laid bare that teaching the History and Philosophy of Science is
necessary for pre-service teachers’ field proficiencies and personal growth. However, it
also became evident that the teaching process of this course should be improved. In this
regard, it is thought that in the faculties of education that teach the History and
Philosophy of Science, it is necessary to develop teaching materials for the course, to
simplify the rich content to be included in the curriculum in a planned manner, and to
take into account the difficulty of appreciating the conditions of a time that may be so
significantly different from today. For this, a dynamic interaction should be ensured
between the lecturer, the curriculum, and the teaching materials to be used. The
instructors are expected to carry out practical teaching, being aware of the difference
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between the planned and the implemented course process, and using curriculum
materials and additional/guide materials. It is thought that exciting and interactive
activities that would support in-class interaction should be specially included in the
teaching materials (Ma & Wan, 2017; Nouri et al., 2019). Moreover, it is believed that
the inclusion of this course in the teacher training programs in Turkey since 2018 will
increase the number of sources to be designed in this field, and these sources should be
adapted to the teaching process.
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ABSTRACT: This study examined the relationships among teacher leadership, teacher self-efficacy and teacher
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schools in Altindag, Ankara, who were determined through a random sampling method. The data were collected
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adopted in the study. The data were analyzed through quantitative analysis techniques, including descriptive statistics,
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was shown to predict self-efficacy and performance significantly. The findings pointed out that teacher leadership
behaviors were an important concept involved in teacher self-efficacy and performance.
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* Corresponding Author: Asst. Prof. Dr., Silleyman Demirel University, Isparta, Turkey, yenerakman@sdu.edu.tr,
https://orcid.org/0000-0002-6107-3911

Citation Information
Akman, Y. (2021). The relationships among teacher leadership, teacher self-efficacy and teacher performance.
Kuramsal Egitimbilim Dergisi [Journal of Theoretical Educational Science], 14(4), 720-744.

Copyright © 2021 by AKU
ISSN: 1308-1659


http://dergipark.org.tr/akukeg
http://dergipark.org.tr/akukeg
http://dergipark.org.tr/akukeg
https://orcid.org/0000-0002-6107-3911
mailto:yenerakman@sdu.edu.tr
https://orcid.org/0000-0002-6107-3911

The Relationships among Teacher Leadership... 721

In the 20th century, school leadership research mostly focused on the behaviors
of school administrators that gained power from their legal positions. Today, however,
teacher leadership has been the subject of many studies as an important concept
(Blackman, 2010; Carver, 2010; Hunzicker, 2012; Jacobson, 2011; Katzenmeyer &
Moller, 2009; Leonard et al., 2012). Specified as a reflection of democratic participation
in school, distributed leadership is particularly considered to influence the decision-
making process. In fact, some researchers stated that distributed leadership was the basis
of teacher leadership (Frost, 2008; Gronn, 2000, p. 324; Pounder, 2006). Teachers
should be given the opportunity to leave the classroom setting and cooperate with their
environment to realize and develop their leadership capacities (Dozier, 2007). Similarly,
teacher leadership is an opportunity for teachers to be a part of the decision-making
process (Donaldson & Johnson, 2007). These necessitate a versatile view on
administration and the need for the participation of different voices in the administration
of today’s schools rather than traditional leadership approaches. The participation of
stakeholders in administrative processes is considered to contribute to school efficiency.
It is also stated that teacher leaders have the willingness, knowledge, and skills to
initiate the process of change in schools (DiRanna & Loucks-Horsley, 2001; Hunzicker,
2012).

It is well-established that administrators and colleagues significantly affect
teachers’ leadership behaviors. The positive climate in schools might encourage teacher
leader candidates to participate in administrative processes. In this process, the support,
guidance, and trust provided especially by school administrators can increase teachers’
willingness to take responsibility. School administrators play an important role in the
development of teacher leadership (Buckner & McDowelle, 2000). For instance,
Diamond and Spillane (2016) stated that teacher leadership largely depends on the
leadership approaches of administrators. Teacher leader candidates are appreciated for
their innovative practices, support for their colleagues, sensitivity to school problems
and efforts to be a part of the solution. Thus, teachers’ courage and multifaceted
responsibility skills might improve. This is considered to increase the self-efficacy and
self-confidence of teacher leader candidates and encourage their performance behaviors
in time. As a psychological construct, self-efficacy is believed to be affected particularly
by school administrators’ approach to leadership, teachers’ level of participation in
decisions, and interpersonal cooperation (Guo et al., 2011; Shachar & Shmuelevitz,
1997; Skaalvik & Skaalvik, 2007).

Additionally, the positive interaction between school administrators and teachers
was observed to facilitate the emergence of leadership behaviors of teachers by
increasing teacher motivation (Lieberman & Friedrich, 2010). Similarly, teacher
motivation plays an important role in leadership skills (Reeves & Lowenhaupt, 2016).
These indicate the importance of motivation on teachers’ self-efficacy beliefs and
leadership behaviors. Performance is another construct positively related to motivation.
Research has shown that employees with higher motivation also have higher
performances (Akman, 2018; Woessmann, 2011). Self-efficacy, in particular, can be
regarded as one of the antecedents of teacher leadership. Teacher leaders affect and
direct their environment in many ways and enable new practices to become widespread
throughout the school. It is also acknowledged that teachers who are monitored and
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have an impact on their environment have high educational performances (Hunzicker,
2012).

In this study, the development of teacher leadership is considered to contribute
to the educational processes in schools. Also, teacher leadership points to a partially
informal process facilitating a more friendly work environment with other teachers. In
this environment, it can be asserted that leader teachers who guide and train their
colleagues with expert knowledge might support their development. Therefore, this
might direct teacher development in schools to an alternative other than just individual
efforts or formal in-service training processes cooperated between colleagues. It is
established that teachers who feel their instructional qualifications enhance during the
informal education process have strengthened self-confidence and self-efficacy.
Additionally, teachers who have mastered their fields in terms of expertise and
pedagogy are predicted to improve in terms of effectiveness and performance and
considered to raise the students’ academic success. In the literature, it has been observed
that high teacher self-efficacy increases teacher performance and student academic
success (Olsen, 2008; Wahlstrom & Louis, 2008). In addition, the adoption of the
teacher leadership approach in schools suggests that the workload of school
administrators might reduce. For example, school administrators can solve problems
informally through teacher leaders instead of directly intervening in some problems
among teachers. This can therefore be time-saving for school administrators.

Moreover, teacher leadership is an approach that affects not only teachers but
also all employees developmentally. It turns stagnation into a dynamic process. As a
result, it is an approach that encourages the cooperation and competence of all
employees. Teachers can be regarded as role models for students. For this reason, the
approach should become widespread so that it affects both employees and students.
Recent years have witnessed a growing interest in teacher leadership reflecting the
democratic participation in school administration in Turkey. Determining the
perceptions about teachers’ potential leadership development is therefore deemed
significant.

Teacher Leadership

Despite different conceptualizations, teacher leadership is an approach based on
developing other teachers’ educational practices by influencing them (Katzenmeyer &
Moller, 2009). Different perspectives have enabled teacher leadership to be examined
extensively and considered as an umbrella term. In the literature, teacher leaders are
expressed with various titles such as coach, coordinator, and headteacher (Neumerski,
2012). In this process, the teacher leadership initiative tried to determine the basic
competences for teacher leadership. Over time, different standards have been developed
for teacher leadership. In addition, various certificate and diploma programs have
become widespread. It has even been considered a criterion in teacher evaluations in
some states in the USA (Colorado Department of Education, 2015; Danielson, 2014).

Moreover, some events on teacher leadership were organized. For instance, “The
National Teacher Leadership Initiative” was launched by the National Education
Association, wherein the competences of teacher leaders were discussed. Furthermore,
the Center for American Progress held an event titled “Teacher Leadership” (Wenner &
Campbell, 2017). Crippen and Willows (2019) defined teacher leaders as individuals
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who inspire, encourage, and empower their colleagues. It was emphasized that
distributed and collaborative leadership approaches were at the core of teacher
leadership (Frost, 2008; Gronn, 2000, p. 324; Pounder, 2006). Teacher leadership is
therefore expressed as a more dynamic and spontaneous phenomenon rather than static
by structure. In other words, it can be asserted that the construct develops in an informal
context. This can also facilitate the emergence of potential leaders among teachers.
Also, teacher leadership develops continuously and has an informal leadership role
(Frost, 2008; Pounder, 2006). York-Barr and Duke (2004) specified that teacher
leadership is a different form of leadership that focuses on cooperation rather than
authority. Similarly, teacher leadership is associated with the democratization of
schools, teacher learning and the culture of cooperation in schools (Muijs & Harris,
2003). It can further be emphasized that teacher leaders exhibit transformational
leadership qualities and direct other teachers to various activities that might ensure the
development of schools (Pounder, 2006).

It is acknowledged that teacher leaders affect other teachers by sharing
innovative learning experiences, providing community service, mentoring, participating
in workshops, contributing to the solution of in-school or environmental problems, and
connecting with universities (Crippen & Willows, 2019; Petrie, 1995; Reeves &
Lowenhaupt, 2016). These practices can be considered teachers’ getting out of the
classroom and expanding their area of influence. According to Danielson (2006), the
capacity of teachers to influence, direct and motivate their colleagues and other
employees lie at the center of teacher leadership. Therefore, teacher leadership was
expressed as an instrument enhancing teacher professionalism and student achievement
indirectly (Crowther et al., 2009; Leithwood et al., 2010). As the official leaders of their
schools, school administrators play a critical role in the development of teacher leaders.
School administrators with an approach and a visionary perspective deprioritizing the
hierarchical status relations might try to achieve the school’s objectives in a collective
understanding with teachers (Andrews & Lewis, 2007). Besides, Lieberman and
Friedrich (2010) declared that teachers might have higher motivation and exhibit active
leadership behavior when they express their views freely and administrators endorse
their views. In addition, teachers’ self-confidence increases when school principals
share their experiences with teachers, showing that they trust, support, and encourage
teachers (Buckner & McDowelle, 2000).

Katzenmeyer and Moller (2009) suggested that teacher leaders exhibit leadership
behavior in four different areas: (i) school management, (ii) student activities, (iii)
official tasks, and (iv) teacher leadership. Some researchers examined the construct in a
three-dimensional structure in cooperation with organization, profession, and colleagues
(Beycioglu & Aslan, 2010; York-Barr & Duke, 2004). Teacher leadership consists of
four dimensions: (i) the source of legitimacy of leadership, (ii) support to do the job, (ii)
the purpose of the teacher influence, and (iv) the method of influence (Berg & Zoellick,
2018). Addressing teacher leadership with different perspectives in the literature makes
it difficult to define and determine which dimensions it comprises. This demonstrated
the need for leader behavior in practice and changes in the process of being a leader.
Some researchers have accordingly discussed teacher leadership in the context of the
individual’s practical behavior and identity acquisition process. The practical process
concentrates on teacher activities, such as creating a culture of success, enhancing the
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learning environment, and encountering barriers to the school structure (Crowther et al.,
2009; York-Barr & Duke, 2004). On the other hand, identity acquisition indicates the
experiences in the leadership process, such as personal experiences, development of
trust, social roles, and interactions (Gonzales & Lambert, 2001). The approach in this
study mostly focuses on the practical behaviors of teachers within the context of teacher
leadership dimensions.

Teacher leadership was extensively discussed in previous studies. Prevalent
discussion points were the effects of teachers’ classroom practices, experiences,
motivations, professional development programs, teacher quality, or burnout on
leadership skills (Cheng & Szeto, 2016; Reeves & Lowenhaupt, 2016; Snoek &
Volman, 2014). It can be asserted that the studies examining teacher leadership in
Turkey have also increased. In these studies, data collection tools were developed to
measure the perception of the construct (Beycioglu & Aslan, 2010). The studies also
sought to determine the opinions of teachers about the construct (Beycioglu & Aslan,
2012; Kiling & Recepoglu, 2013) and its relationship with different types of
organizational behaviors such as motivational language (Demir, 2014), leader-member
exchange (Oztiirk & Sahin, 2017), classroom management tendencies (Ontas & Okut,
2017) and school effectiveness (Cansoy & Parlar, 2018).

Teacher Self-Efficacy

Teachers are one of the most critical elements behind student achievement.
Despite the significance of teachers’ professional and cultural competences and
expertise to cultivate qualified students, their psychological status might also influence
educational efficiency. Self-efficacy can be defined as a construct involved in the
psychology of teachers in the school environment. Studies have shown that self-efficacy
is a contemporary construct despite being examined for the last few decades (Bandura,
1977, 1997; Cheung, 2008; Hipp & Bredeson, 1995; Kacar & Beycioglu, 2017;
Skaalvik & Skaalvik, 2007; Tschannen-Moran & Johnson, 2011). The basis of the self-
efficacy construct comes from the Social Cognitive Theory put forward by Bandura
(1977). Self-efficacy is defined as an individual’s belief in their abilities in the process
of successfully performing an action (Bandura, 1977). Tschannen-Moran et al. (1998)
asserted that self-efficacy is the belief in teachers’ ability to organize and perform the
assigned practices to complete a teaching task in school. In other words, the self-
efficacy perceptions of teachers might imply teachers’ relationship with various factors
such as teaching strategy, methods and techniques, approach to environmental
organization, classroom management skills and interaction with students.

Research pointed out that teacher self-efficacy is related to individual
differences and school characteristics (Hoy & Woolfolk, 1993). Factors such as school
climate, leadership styles of school administrators, the decision-making structure of
schools, teachers' professional experiences, and teacher collaboration were related to
teacher self-efficacy (Guo et al., 2011; Hipp & Bredeson, 1995). Studies in the
literature found that professional experience positively affects self-efficacy (Cheung,
2008; Wolters & Daugherty, 2007). In addition, it was observed that the strong
interaction between the internal stakeholders of schools and the influence of teachers on
various decisions enhanced the self-efficacy of teachers (Moore & Esselman, 1992;
Shachar & Shmuelevitz, 1997). Since schools are socially dominant institutions,
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interpersonal relations can affect their functioning. In this sense, a sincere working
environment is considered to provide a supportive school climate, wherein teachers
might increase their multifaceted competences with a mutual understanding. Similarly,
it was reported that school administrators who supported teachers contributed to their
self-efficacy by establishing trust- and respect-based relationships (Skaalvik &
Skaalvik, 2007).

Bandura (1997) asserted that vicarious experience, verbal persuasion,
psychological arousal, and mastery experience affected teachers’ self-efficacy beliefs.
Vicarious experience is the observation of positive or negative experiences by following
the lesson taught by an expert teacher. VVerbal persuasion is the verbal interactions about
teacher’s performance or success. Psychological arousal is the sense of efficacy, either
of anxiety or excitement, gained as a result of an activity. Mastery experience is the
experiences gained in the process of a course taught by the teacher (Tschannen-Moran
et al., 1998). Previous research showed that the perceptions of teacher candidates about
their talents are influenced by the quality of supervision (verbal persuasion) and
experiences of teaching skill (mastery experience) (Yeung & Watkins, 2000). It was
also emphasized that the verbal persuasion attempts (inter-individual relationship) of
administrators and colleagues contributed significantly to the self-efficacy beliefs of
young teachers (Tschannen-Moran & Johnson, 2011). In fact, research showed that in
the beginning years of teaching, self-efficacy beliefs changed frequently, and positive
interpersonal interactions enhanced the self-efficacy of young teachers (Bandura, 1997).
In line with these findings, positive interactions with administrators and colleagues in
the school environment might be claimed to enable teachers to express themselves more
comfortably. Teachers can thus become a guide in their environment by discovering and
revealing their hidden powers. Considering the relationship between interpersonal
relations, teacher leadership and self-efficacy at school, addressing the related
constructs together is deemed important.

Teacher Performance

The existence of organizations depends on their ability to achieve their goals
through effective and efficient practices. Quality education can be achieved through the
interaction and harmony of numerous elements, including teacher performance.
Performance is expressed as the behavior of an employee to achieve a specific goal
(Campbell et al., 1990). According to Ozdemir (2014), teacher performance is the
behaviors that teachers exhibit by integrating their knowledge, skills, and motivation to
achieve organizational goals. Performance is an organizational behavior influenced by
various factors that can be individual (e.g., experience, knowledge, skill, age, etc.) or
environmental (e.g., administrative approach, organizational climate, colleagues,
characteristics of job, etc.). High performance is rooted in the harmonious relationship
between the mentioned factors (Weightman, 2004, p. 160-161). In the literature, Cerit
(2012) stated that performance is related to leader-member interaction, while Pitts
(2009) pointed out that qualified internal communication increases performance. Also,
some researchers have emphasized that performance is positively affected in
organizations with clear goals, duties, authorities, and responsibilities (Babin & Boles,
1996). In addition, Akman (2018) stated that the motivation and performance of
teachers increase in schools with high organizational justice.
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Moreover, significant relationships between job satisfaction and performance
were found in a meta-analysis study including 312 studies (Judge et al., 2001).
Furthermore, Dilbaz-Saymn and Arslan (2018) noted that professional development,
organization of the learning environment, interaction in the classroom, contribution to
the development of students, interaction with the environment and being a role model
are the factors to be observed in evaluating teacher performance. When the factors
affecting performance are considered holistically, it is safe to say that performance is
affected by personal and environmental factors, whether in schools or different sectors.
The approach of self-efficacy and teacher leadership in the present study can also be
considered in the context of both individual and environmental factors.

Studies indicated that teacher performance was associated with school
administrators’ leadership approaches and leadership adjustment (Abu Nasra & Arar,
2019; Cerit, 2012; Cheng, 2013; Korkmaz, 2005; Ozdemir & Géren, 2017; Tuytens &
Devos, 2012). While examining the construct, most researchers based performance on
transformational leadership theory (Bass, 1985), leader-member exchange theory
(Graen, 1976) and social change theory (Blau, 1964). These theories propose that
performance might improve in a leader-employee relationship with a just social sharing.
According to two factor theory, the performance of employees is affected by meeting
their psychological needs such as autonomy, empowerment, and personal development
(Herzberg et al., 1959). In the process of teacher empowerment, teachers’ perceptions of
self-efficacy and their levels of participation in decisions play an important role (Bogler
& Nir, 2012). These explanations show that the presence of teachers in an environment
enabling them to take the initiative while performing their duties positively affects
various behavioral outcomes. It also points out the importance of the school
administrators creating a supportive environment.

The Relationship among Teacher Leadership, Teacher Self-Efficacy and
Teacher Performance

Teacher leaders can be regarded as informal leaders in schools. It can be
maintained that leader teachers affect other teachers just as school administrators affect
teachers. It is acknowledged that increasing the instructional competence of their
colleagues is among the missions of teacher leaders. Teachers who are instructionally
well-endowed are considered to have increased self-confidence. Various studies on this
subject have shown that teacher self-efficacy is associated with teaching quality (Guo et
al., 2012; Klassen & Tze, 2014). For instance, Allinder (1994) stated that teachers with
a strong sense of self-efficacy are more open to new ideas and more willing to apply
new methods to meet students’ needs. In addition, Day et al. (2016) noted that the
instructional leadership or transformational leadership displayed by school
administrators alone is insufficient to explain teacher self-efficacy. Furthermore, it was
emphasized that teacher leadership might raise teacher self-efficacy by improving other
teachers, school and instructional management.

Various studies regarded teacher self-efficacy as a variable that positively affects
teachers’ performance (Caprara et al., 2006; Skaalvik & Skaalvik, 2010; Tims et al.,
2012). To exemplify, Saks (1995) pointed out that self-efficacy is the primary
determinant of performance. The reason for the increase in performance may be the
willingness of teachers who feel competent in any subject to exert sufficient effort

© 2021 AKU, Kuramsal Egitimbilim Dergisi - Journal of Theoretical Educational Science, 14(4), 720-744



The Relationships among Teacher Leadership... 727

concerning their duties. Additionally, teachers with strong self-efficacy were claimed to
work harder, especially in difficult times (Tschannen-Moran & Hoy, 2001). Therefore,
it can be seen that the high self-efficacy of teachers also increases their performance
(Elliott et al., 2010; Olsen, 2008; Schunk & Ertmer, 1999). The mentioned arguments
indicate direct relationships among the variables.

Most studies have shown that quality leadership positively impacts employee
performance (Abu Nasra & Heilbrunn, 2015; Chen & Kanfer, 2006). Transformational
leadership significantly affects performance in studies on leadership and performance
(Fernet et al., 2015; Vigoda-Gadot, 2007). Considering that teacher leaders exhibit
transformational leadership qualities (Pounder, 2006), significant relationships between
performance and teacher leadership might be predicted. Namely, both types of
leadership indicate active practices and emotional interactions (Bass, 1985). It can be
argued that the innovative educational approaches expected from teacher leaders,
proactive behaviors towards the solution of problems, and sincere cooperation between
individuals support these views. This also indicates that teacher leaders take more
responsibility in in-school practices. In this sense, it was emphasized that teachers who
have quality interactions with school administrators voluntarily perform higher
responsibilities (Moss et al., 2009). Also, school administrators’ approach to leadership
and cooperative behaviors with teachers was positively associated with teacher self-
efficacy (Guo et al., 2011).

Purpose

This study aimed to reveal the relationships among teacher leadership, teacher
self-efficacy, and teacher performance. In this regard, the following research questions
were addressed:

1. What is the level of teachers’ perceptions of teacher leadership, self-efficacy and
performance?

2. Are there statistically significant relationships among teacher leadership, self-
efficacy, and performance?

3. Is organizational development (OD) a significant predictor of self-efficacy and
performance?

4. Is professional development (PD) a significant predictor of self-efficacy and
performance?

5. Is collaboration with colleagues (CwC) a significant predictor of self-efficacy
and performance?

Method

This study focused on the relationships among teacher leadership, teacher self-
efficacy, and teacher performance. Data were analyzed by quantitative methods in this
study, adopting a relational survey model.

Sample

The study was carried out in state (K12) schools in Altindag, Ankara. According
to the data from Ankara Provincial Directorate of National Education [APDNE], 4689
teachers work in these institutions (APDNE, 2020). The research was conducted with
the sample selected from the population formed by teachers. While determining the
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number of teachers to be included in the sample, a table of sample size was used.
Reaching at least 333-357 teachers with 5% tolerance was deemed sufficient for the
representation of the population (Cohen et al., 2007, p. 104). The participants were
determined by convenient sampling. In this regard, considering the possibility of data
loss, 500 teachers were aimed to reach, but the feedback was received from 401
teachers. 199 of the participants in the sample were women (49.6%) and 202 were men
(50.4%). In addition, 108 of them work in primary school (26.9%), 186 in secondary
school (46.4%) and 107 in high school (26.7%).

Data Collection Tools

In this study, teachers’ perceptions of teacher leadership were determined
through “Teacher Leadership Scale” developed by Beycioglu and Aslan (2010).
Perceptions of self-efficacy were ascertained through “Teacher Self-efficacy Scale”
adapted to Turkish by Karaoglu (2019). Perceptions of performance were identified
through “Job Performance Scale” adapted by Col (2008).

Teacher Leadership Scale (TLS)

Teachers’ perceptions of teacher leadership were measured by TLS, made up of
25 items and a three-factor structure (OD, PD and CwC). The scale was developed in a
five-point Likert style. With the exploratory factor analysis (EFA), all dimensions of the
scale whose structure validity was tested explained 57.23% of the total variance. In
addition, the Cronbach’s Alpha coefficient indicated the reliability of the scale (OD:
.87; PD: .87; CwC: .92). Some of the sample items in the scale were as follows:
“Willingness to collect information and prepare reports about the school” and “Giving
confidence to students”. Analyses were repeated on the current dataset. As a result of
the CFA, the t values of items 5, 4, and 6 were found to be insignificant. These items
were therefore excluded from the dataset. Moreover, a correlation was established
between items 24-25 in line with the modification indices. Goodness of fit values
achieved as a result of the final CFA indicated the validity of the scale at an acceptable
level [2=754.04; df=169; y2/df=4.46; AGFI=.80; RMSEA=.08; CFI=.93; NFI=.90].
Cronbach’s alpha reliability coefficients were calculated .65 for OD, .84 for PD, .70 for
CWC with an overall value of .92. Given the analyses, the TLS was proved to be a valid
and reliable data collection instrument.

Teacher Self-Efficacy Scale (TSES)

TSES consists of 12 items under three dimensions (i.e., student engagement,
teaching strategies and classroom management). As a result of the CFA analysis of the
original scale, the goodness of fit values was calculated as: y2=326.69; df=50;
x2/df=6.53; GFI=.95; RMSEA=.07; CFI=.97; NFI=.97. Cronbach’s alpha coefficients of
the scale showed that the scale was a reliable data collection instrument (student
engagement: .73, teaching strategies: .75, classroom management: .74, and overall: .88).
The scale has such items as: “How much can you try to control behavior that disrupts
the order of the class?” and “How much effort can you make to ensure that your
students comply with classroom rules?” Validity and reliability analyses of the scale
were repeated. Since the t value of item 1 was not significant (t: 1.74) according to the
CFA, it was removed from the dataset, and the analysis was repeated. Modification
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suggestions were applied in order not to reduce the content validity in the second CFA.
As a result of the second CFA, a correlation was established between error items 11-12
and error items 6-5, considering the modification indices. Following this analysis, the
goodness of fit indices was: y2=167.88; df=42; 2/df=3.99; AGFI=.89; RMSEA=.08;
CFI=.94; NFI=.92. In the analysis, y2/df value was found above the specified range.
More than one fit indices were found as a result of the CFA. In this process, all indices
were evaluated together instead of a single indice while determining the fit (Joreskog &
Sorbom, 1993). Reliability analysis indicated the reliability of the scale (student
engagement: .70, teaching strategies: .69, classroom management: .82 and overall: .84).
Validity and reliability analyses showed that TSES was a valid scale.

Job Performance Scale (JPS)

The scale consists of four items. The Cronbach alpha reliability coefficient of the
JPS was calculated as .82. Validity and reliability analyses were also repeated on the
existing dataset. Since the t value of item 1 was insignificant (t: .46) as a result of the
CFA, the analysis was repeated by removing it from the dataset. Perfect goodness of fit
indices were achieved after the second CFA (y2=.0; df=0; AGFI=1.0; RMSEA=.00;
CFI=1.0; NFI=1.0). In addition, the reliability coefficient of the scale was found to be
.70. As aresult, it was established that the JPS is a data collection instrument that can be
used in the current study.

The Procedures and Data Analysis

The data were collected in June-July, 2020 by reaching teachers through a form
prepared on Google forms. In the study, the perception level of the variables was
analyzed through descriptive statistics (arithmetic mean, standard deviation, etc.). The
level of the relationships among the variables was performed by correlation analysis.
Predictive relations were revealed through regression analysis. The data were first
transferred to the SPSS analysis program. It was then investigated whether the dataset
met the assumptions for multivariate analysis. These assumptions can be expressed as
normal distribution of data, multicollinearity, and lack of autocorrelation among the
variables. For normality assumption, kurtosis and skewness values were examined.
Values between -1.35 and 1.17 for teacher leadership, -1.43 and 1.38 for self-efficacy,
and -.89 and -.02 for performance were calculated. Values between +1.5 indicate
univariate normality. Homoscedasticity was examined for the assumption of
multivariate normality. The presence of homoscedasticity indicates the assumption of
normality. In this context, the scatter plot showing the spread as the same width towards
the middle indicates the homoscedasticity (Tabachnick & Fidell, 2013).
Multicollinearity was tested through VIF and tolerance values. In the study, VIF and
tolerance values were calculated between 2.49 and .40 for OD, 2.89 and .34 for PD and
2.56 and .39 for CwC. In the literature, the VIF value less than 10 and the tolerance
value higher than .2 are interpreted as no multicollinearity (Cokluk et al., 2016, p. 38;
Field, 2005; Kalayci, 2014, p. 267-268). The presence of autocorrelation was also
examined with Durbin Watson (DW) value. Kalayci (2014, p. 268) pointed out that the
DW value between 1.5 and 2.5 indicates no autocorrelation. In the current study, the
DW value was 1.72 for student engagement, 1.87 for teaching strategies, 1.76 for
classroom management, and 2.01 for performance. The findings showed that all the
assumptions were satisfactory. When evaluating the CFA results, special attention was
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paid so that y2/df rate was less than 5, and RMSEA was less than .08 while CFI and
NFI values were higher than .90 (Cokluk et al., 2016, p. 271-272). Intervals were
considered in the interpretation of arithmetic means. The range for the scales was
identified as “very low” for 1.00 and 1.79, “low” for 1.80 and 2.59, “medium” for 2.60
and 3.39, “high” for 4.40 and 4.19 and “very high” for 4.20 and 5.00. In evaluating the
relationships among the variables, the range of 0.0-.30 was considered “low”, .31-.70
“medium” and .71-1.0 “high” (Biiyiikoztiirk et al., 2012, p. 92).

Ethical Statement

This study was conducted with the permission of Social and Human Sciences
Ethics Committee of SDU dated 09/06/2020 issued 91/4.

Findings
The results about teacher leadership, teacher self-efficacy, teacher performance
and arithmetic mean and standard deviation for all dimensions were presented in Table
1.

Table 1

Arithmetic Means and Standard Deviations
Scale Factors X Ss
1.0D 3.89 64
TLS X=3.93 2.PD 4.02 77
3.CcwC 3.88 77
4. SE 3.76 .86
TSES ¥=3.92 5.TS 4.02 81
6.CM 3.98 .86
JPS 7. Perf 4.05 79

N=401 (OD: Organizational development; PD: Professional development; CwC: Cooperation with
colleagues; SE: Student engagement; TS: Teaching strategies; CM: Classroom management; Perf:
Performance)

As Table 1 shows, teacher leadership, teacher self-efficacy and teacher
performance were at a “high” level. Furthermore, a high level of perception was
observed in all factors. The results of correlation analysis about teacher leadership,
teacher self-efficacy and teacher performance were presented in Table 2.
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Table 2
Correlations between Variables
Factors 1 2 3 4 5 6 7
1.0D
2.PD T4 -
3.CwC 70** 75** -
4. SE A0** A0** AB** -
5.TS 52%** B2** 52 AT -
6.CM A48** B2** 52** 36** 56**
7.Perf BL** B4** B57** 52 BL** B5**

**p<.01; N=401 (OD: Organizational development; PD: Professional development; CwC: Cooperation
with colleagues; SE: Student engagement; TS: Teaching strategies; CM: Classroom management; Perf:
Performance)

As Table 2 shows, correlation coefficients of OD with SE (r=.40; p<.01), TS
(r=.52; p<.01), CM (r=.48; p<.01) and perf (r=.61; p<.01); PD with SE (r=.40; p<.01),
TS (r=.62; p<.01), CM (r=.62; p<.01) and perf (r=.64; p<.01); CwC with SE (r=.46;
p<.01), TS (r=.52; p<.01), CM (r=.52; p<.01) and perf (r=.57; p<.01) indicated positive
significant correlations among all factors at a moderate level. Multiple linear regression
analysis results showed the predictability of all dimensions of teacher leadership on self-
efficacy and performance as presented in Table 3.

Table 3
Multiple Linear Regression Analysis Results

Classroom

Student Engagement Teaching Strategies Management Performance
B t R? B t R? B T R? B t R?
.22 40 40 46
oD 169  1.806 116 1.496 .006  .069 327  4.561*
PD .093 1.103 524 7.524* 589  7.957* 357 5.528*
CwC .346 4.380* 091  1.392 145 2.094* 132 2.186*
N=401; *p<.05.

As Table 3 shows, three dimensions of teacher leadership explained 22% of the
total variance (F=38.873, p<.05) regarding teachers’ perceptions of student engagement.
Only CwC (5=.346, p<.05) significantly predicted SE. In terms of TS, all dimensions of
teacher leadership together explained 40% of the total variance (F=89.774, p<.05). It
was found that only PD (5=.524, p<.05) was a significant predictor of TS. Considering
teachers’ perceptions of CM, all dimensions of teacher leadership together explained
40% of the total variance (F=88.415, p<.05). It was also found that PD ($=.589, p<.05)
and CwC (f=.145, p<.05) significantly predicted CM. Finally, all dimensions of teacher
leadership together explained 46% of the total variance (F=112.545, p<.05) in terms of
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teachers’ perceptions of performance. It was further noted that OD ($=.327, p<.05), PD
(p=.357, p<.05) and CwC (=.132, p<.05) significantly predicted performance.

Discussion

In this study, the relationships among teacher leadership, teacher self-efficacy
and teacher performance were examined. The participants were 401 teachers working in
Altindag, Ankara. The findings showed that the perceptions of teacher leadership were
high. Various studies supported this finding (Beycioglu & Aslan, 2012; Cansoy &
Parlar, 2018; Ontas & Okut, 2017). In other words, the perceptions about teacher
leadership were found to be positive. Teachers’ perceptions of professional
development, in particular, were found to be higher in teacher leadership. This can be
interpreted as the teachers’ willingness to communicate effectively with their
colleagues, exhibit behaviors open to learning, follow innovations, and take
responsibility for the development of the school. In addition, the perceptions of
cooperation with colleagues and organizational development were found to be lower
than professional development in the study. This finding was consistent with previous
research findings (Kiling & Recepoglu, 2013; Yigit et al., 2013). It follows that teachers
cooperating with colleagues hold themselves responsible for their development, share
their own experiences to increase their professional competencies, direct and support
them. Teachers’ lower perception of organizational development can be regarded as
avoiding the process of participating in school administration and official tasks and
participating in environmental activities. Participation in the decision-making process
within the organization is a factor that enhances the quality of organizational
functioning. This process might positively affect the individual’s commitment to the
organization and the perception of organizational citizenship. It was asserted that
decisional participation supports organizational development (Aslan & Agiroglu Bakar,
2015). However, the centralized structure of the education system does not considerably
allow the spread of distributed leadership behaviors in school administration. By
holding the authorities and responsibilities, the administration might therefore prevent
other teachers from reaching collaborative opportunities that might enable them to
improve their leadership qualities. This finding was found to be similar to the findings
of previous studies (Sawyer, 2005; York-Barr & Duke, 2004). In addition, teachers’
reluctance to take part in official duties and other environmental activities may result
from intensive teaching activities. Such similar activities mostly do not yield tangible
returns (e.g., certificate of achievement, service score, etc.). They are perceived as a
waste of time and might increase teachers’ reluctance.

This study found that teachers’ perceptions of self-efficacy were high. This
finding accords with previous literature (Demir, 2018; Kutluca, 2018). According to
these findings, teachers expressed their self-efficacy levels as positive. In other words,
teachers believed that they had the skills necessary to achieve a goal. This may indicate
teachers’ ability to reflect the competences forming the basis of the teaching profession,
such as pedagogical-field expertise and general knowledge-ability while performing
their duties related to their jobs.

Similarly, teachers exhibited their performances at a high level in the study. This

finding was also supported by some studies (Ak¢ekoce & Bilgin, 2016; Akman, 2018;
Bakker & Bal, 2010; Biiyiikkgdze & Ozdemir, 2017; Limon & Sezgin-Nartgiin, 2020;
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Ozdemir & Géren, 2017; Ozdemir & Yirmibes, 2016; Ozgenel & Aktas, 2020; Ozgenel
et al., 2020). In studies investigating teacher performance in recent years, mostly high
perception of performance has drawn attention. Various conditions improved in schools
relatively considerably compared to the past might account for this. In other words, the
developments enhancing teachers’ performance can be a relative increase in the
insufficient opportunities for teachers to participate in decisions concerning them
(Burton et al., 2008), increasing the school’s educational power by completing norm
staffing of teachers, facilitation of classroom management thanks to the decrease in
student numbers (Akalin, 2015) and a more intense encounter of students with
technology-based rich learning experiences (Tosuntas, 2017).

The relationships among variables were also examined in this study. The
findings showed that teacher leadership behaviors had significant positive relationships
with student engagement, teaching strategies, classroom management and teacher
performance. The fact that teacher leaders were in cooperation with colleagues can be
considered as a reflection of leadership. Teacher leaders convey their innovative
learning experiences to other teachers by emphasizing cooperation in informal relations
(Muijs & Harris, 2003). This accordingly contributes to teachers’ professional
development and thus to the development of schools (Pounder, 2006). It also positively
affects teachers’ classroom management skills and teaching strategies. It was asserted
that teacher leadership was expressed as an element that increases teachers’
professionalism (Crowther et al., 2009). Similarly, Jackson and Bruegmann (2009)
emphasized the importance of collaboration in helping employees deal with
uncertainties about educational practices at school and in increasing instructional
quality. The changes that leadership creates on the organization and its employees can
be examined in many ways. Leadership behaviors can be viewed as an important
element behind many positive or negative outputs in the organization. In particular, it is
striking that the leadership behaviors of teachers that support the professional learning
process significantly affect teaching quality, student learning and institutional
development (Hallinger et al., 2017; Zheng et al., 2018).

As one of the dimensions of teacher leadership, organizational development was
found to be an important predictor of performance. According to the findings, the
quality of teachers’ behaviors for the development of the school can be viewed as
performance. That is, the behaviors teachers perform voluntarily and in administrative
duties might increase teacher visibility in schools. This may indicate task performance.
Performance has a multidimensional and complex structure, affected by many
individual and environmental factors. In this sense, it may be difficult to know which
dimension of organizational development affects performance. The current study
examined performance in general. However, the relationship in this study can be
handled through contextual performance. According to the literature, contextual
performance is voluntary behavior excluded in the job description of employees. It
supports the psychological and social environment of the organization (Onay, 2011).
Expressions such as voluntariness, effort, optional behaviors and team performance are
frequently emphasized to explain contextual performance (Robbins & Judge, 2012). The
mentioned expressions are the administrative support displayed by the teachers and
participation in the school’s relations with environmental factors, etc., in organizational
development associated with such actions.
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Furthermore, it was found that organizational development did not predict
student engagement, teaching strategies and classroom management among the
variables. This might be due to the fact that organizational development is largely
caused by administrative duties and environmental factors that affect the school. That is,
the dimensions unpredictive of the organizational development emphasized the
educational process in the classroom. It is further linked with such actions as formal-
informal empowerment in the school, making efforts for the recognition of the school in
the society, and exhibiting voluntariness for the participation of environmental factors in
the education process. Moreover, this may imply that teachers mostly direct their
energies to classroom activities and are not very interested in administrative routines in
school. The reason for this may be the perception of waste of time and lack of
motivation for related jobs. To prevent this drawback, teachers’ perceptions can be
raised by developing practices that might encourage teachers who take responsibility for
school business administration and environmental relations by school administrators.

Herzberg et al. (1959) stated that meeting the individual development needs of
teachers is related to their performances. In other words, teacher leaders exhibiting
behaviors towards the professional development of other teachers might be considered
to positively impact their educational efficiency by providing them with new learning
experiences. Similarly, leadership behavior improved teacher performance (Abu Nasra
& Heilbrunn, 2015). Transformational leadership was found to have significant effects
on teacher performance (Fernet et al., 2015). Pounder (2006) asserted that
transformational leadership and teacher leadership had similar behavioral patterns. This
can be acknowledged as a finding that supports the predictability of teacher leadership
on performance in the current research.

Additionally, it was claimed that teachers’ expressing their colleagues’
achievements or high performances promoted self-efficacy development (Tschannen-
Moran & Johnson, 2011). In brief, leader teachers are believed to strengthen teachers’
self-efficacy beliefs through verbal persuasion. Considering that self-efficacy is an
individual’s belief in achieving success, an increase in teachers’ educational skills is
predicted to support their self-efficacy. In addition, no predictive effect was found,
although an indirect interaction was expected between professional development and
student engagement in the study. This may be due to factors related to professional
development. Professional development means having the power to increase the
motivation of teachers, enabling them to discover their potential and having a more
participatory attitude within the school. There is an incentive for teachers to be an
important part of schools. Also, student engagement mostly emphasizes practices for the
positive development of student behavior in the classroom. In other words, it is mainly
related to behavior management.

Moreover, it was found that cooperation with colleagues significantly predicted
such dimensions of self-efficacy as performance, classroom management and student
engagement. The behaviors of teacher leaders to enhance the instructional competence
of their colleagues might also be said to affect the instructional quality of teachers
positively. Various studies on the importance of collaboration among teachers showed
that professional collaboration was a significant predictor of teacher self-efficacy
(Duyar et al., 2013; Sehgal et al., 2017). In this regard, Guo et al. (2012) pointed out
that the quality of teaching had a positive relationship with teachers’ self-efficacy
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perceptions. Supporting these findings, Olsen (2008) also stated that teacher self-
efficacy was positively interacted with teacher performance.

Moreover, Sehgal et al.’s study (2017) was considered important in terms of
providing a holistic perspective to the current study findings. In this study, the
effectiveness of teachers’ self-efficacy perceptions could be increased with the
cooperation between colleagues and the support of school administrators. It was further
found that cooperation with colleagues did not significantly predict teaching strategies.
Cooperation with colleagues indicated a positive interaction with other teachers in terms
of both educational and instructional processes. In this process, CwC was emphasized to
increase the mutual competence of teachers. Instructional strategies mostly refer to the
in-class application process. The lack of predictability among the variables may be due
to the more superficial and formal relations between teachers rather than the cooperation
of teachers towards the implementation process. In other words, cooperation with
colleagues may be realized only through sharing documents (e.g., exam papers, course
materials, reports, etc.). In this case, there may not be interactions related to the applied
teaching process.

Conclusion and Implications

In conclusion, the study showed that teacher leadership was an important
variable to explain teacher performance. In other words, the development of teacher
leadership in schools was highly effective on the development of teachers’ performance.
Teacher leadership was also found to have partial effects on self-efficacy on the basis of
dimensions. To increase the interaction and professional collaboration between teachers,
interdisciplinary interaction can be developed through meetings organized by teachers
in their areas of expertise during out-of-school times. Moreover, a formal (policy
makers) or informal performance system can be created to reveal the leadership
characteristics of teachers. With this system, teachers’ self-confidence and competence
can be enhanced, and the way to contribute to their environment can be paved. This
study was carried out in state educational institutions. Therefore, taking the opinions of
teachers working in private education institutions can provide a holistic view of
leadership, self-efficacy, and performance. In addition, examining the relationship
between teacher leadership and different organizational behavior outcomes such as
motivation, commitment and burnout can contribute to the literature. As another
suggestion, examining how teachers’ leadership tendencies are handled in different
working groups (school principal, student, etc.) and with various research methods may
reveal rich perspectives on the concept.

Limitations

This study has various limitations. First, the study group was located in
Altindag, Ankara, thus making it difficult to generalize the findings. Second, the
teachers’ responses to the scales might be socially desirable, therefore weakening their
objectivity. This might be because teachers made their own self-evaluations when
exhibiting behaviors or attitudes in the scales. Third, more comprehensive findings
might be obtained by qualitative or mixed methods instead of quantitative methods.

© 2021 AKU, Kuramsal Egitimbilim Dergisi - Journal of Theoretical Educational Science, 14(4), 720-744



736 Yener AKMAN

References

Abu Nasra, M., & Arar, K. (2019). Leadership style and teacher performance: mediating
role of occupational perception. International Journal of Educational Management,
34(1), 186-202. https://doi.org/10.1108/IJEM-04-2019-0146

Abu Nasra, M., & Heilbrunn, S. (2015). Transformational leadership and organizational
citizenship behavior in the Arab educational system in Israel: the impact of trust
and job satisfaction. Educational Management Administration & Leadership, 44(3),
80-396. https://doi.org/10.1177/1741143214549975

Akalin, S. (2015). Opinions and needs of mainstream classroom teachers about
classroom management. Ankara Universitesi Egitim Bilimleri Fakiiltesi Ozel Egitim
Dergisi, 16(3), 215-234

Akcekoce, A., & Bilgin, K. U. (2016). Okul miidiirlerinin liderlik stilleri ve 6gretmen
performansi. Cagdas Yonetim Bilimleri Dergisi, 2(2), 1-23.

Akman, Y. (2018). The investigation of the relationships between organisational justice,
work motivation and teacher performance. Cukurova University Faculty of
Education Journal, 47(1), 164-187. https://doi.org/10.14812/cuefd.371642

Allinder, R. M. (1994). The relationship between efficacy and the instructional practices
of special education teachers and consultants. Teacher Education and Special
Education, 17, 86-95.

Andrews, D., & Lewis, M. (2007). Transforming practice from within: The power of the
Professional learning community. In L. Stoll & K. Seashore Louis (Eds.),
Professional learning communities: Divergence, depth and dilemmas (pp. 132-
147). Open University Press.

Ankara i1 Mili Egitim Miidiirliigii (AIMEM) (2020, April 21). Egitim istatistikleri.
Retrieved from http://ankara.meb.gov.tr/www/egitim-istatistikleri/icerik/24.

Aslan, M., & Agiroglu Bakir, A. (2015). The interaction of distributed leadership and
organizational commitment in schools: a qualitative study. Electronic International
Journal of Education, Arts, and Science, 1(2), 1-30.

Babin, B. J., & Boles, J. S. (1996). The effects of perceived co-worker involvement and
supervisor support on service provider role stress, performance and job satisfaction.
Journal of Retailing, 72(1), 57-75.

Bakker, A. B., & Bal, P. M. (2010). Weekly work engagement and performance: A
study among starting teachers. Journal of Occupational and Organizational
Psychology, 83, 189-206. https://doi.org/10.1348/096317909X402596

Bandura, A. (1977). Self-efficacy: toward a unifying theory of behavioral change.
Psychological Review, 84, 191-215. https://doi.org/10.1037/0033-295X.84.2.191

Bandura, A. (1997). Self-efficacy: The exercise of control. W. H. Freeman & Co.
Bass, B. (1985). Leadership and performance beyond expectations. Free Press.

Berg, J., & Zoellick, B. (2018). Teacher leadership: toward a new conceptual
framework. Journal of Professional Capital and Community, 4(1), 2-14.
https://doi.org/10.1108/JPCC-06-2018-0017

Beycioglu, K., & Aslan, B. (2010). Teacher leadership scale: A validity and reliability
study. Elementary Education Online, 9(2), 764-775.

© 2021 AKU, Kuramsal Egitimbilim Dergisi - Journal of Theoretical Educational Science, 14(4), 720-744


https://doi.org/10.1108/IJEM-04-2019-0146
https://doi.org/10.1177/1741143214549975
https://doi.org/10.14812/cuefd.371642
http://ankara.meb.gov.tr/www/egitim-istatistikleri/icerik/24
https://doi.org/10.1348/096317909X402596
https://doi.org/10.1037/0033-295X.84.2.191
https://doi.org/10.1108/JPCC-06-2018-0017

The Relationships among Teacher Leadership... 737

Beycioglu, K., & Aslan, B. (2012). Teachers and administrators’ views on teacher
leadership: a mixed methods study. Educational Administration: Theory and
Practice, 18(2), 191-223.

Blackman, A. (2010). Coaching as a leadership development tool for teachers.
Professional Development in Education, 36(3), 421-441.

Blau, P. (1964). Exchange and power in social life. John Wiley.

Bogler, R., & Nir, A. (2012). The importance of teachers’ perceived organizational
support to job satisfaction: what’s empowerment got to do with it?. Journal of
Educational Administration, 50(3), 287-306.
https://doi.org/10.1108/09578231211223310

Buckner, K. G., & McDowelle, J. O. (2000). Opportunities, and support developing
teacher leaders: Providing encouragement. NASSP Bulletin, 84, 35-41.

Burton, J. P., Sablynski, C. J., & Sekiguchi, T. (2008). Linking justice, performance,
and citizenship via leader-member exchange. Journal of Business Psychology, 23,
51-61. https://doi.org/10.1007/s10869-008-9075-z

Biiyiikgoze, H., & Ozdemir, M. (2017). Examining job satisfaction and teacher
performance within Affective Events Theory. Inonu University Journal of the
Faculty of Education, 18(1), 311-325. https://doi.org/10.17679/inuefd.307041

Biiyiikoztiirk, S., Cokluk, O., & Koklii, N. (2012). Sosyal Bilimler icin istatistik. Pegem
A Yaymcilik.

Campbell, J. P., McHenry, J. J., & Wise, L. L. (1990). Modeling job performance in a
population of jobs. Personnel Psychology, 43, 313-333.

Cansoy, R., & Parlar, H. (2018). Teacher leadership as a predictor of school
effectiveness. Kastamonu Education Journal, 26(3), 925-934.

Caprara, G. V., Barbaranelli, C., Steca, P., & Malone, P. S. (2006). Teachers’ self-
efficacy beliefs as determinants of job satisfaction and students’ academic
achievement: A study at the school level. Journal of School Psychology, 44(6),
473-490. https://doi.org/10.1016/j.jsp.2006.09.001

Carver, C. L. (2010). Mentors coaching principals in instructional leadership: The case
of Rebecca and Ramon. Journal of Cases in Educational Leadership, 13(2), 39-46.
https://doi.org/10.1177/1555458910372653

Cerit, Y. (2012). The relationship between leader-member exchange and classroom

teachers’ performance. Balikesir University Journal of Social Sciences Institute,
15(28), 33-46.

Chen, G., & Kanfer, R. (2006). Toward a systems theory of motivated behavior in work
teams. Research in Organizational Behavior, 217, 223-267.
https://doi.org/10.1016/S0191-3085(06)27006-0

Cheng, A. Y. N., & Szeto, E. (2016). Teacher leadership development and principal
facilitation: Novice teachers’ perspectives. Teaching and Teacher Education, 58,
140-148. https://doi.org/10.1016/j.tate.2016.05.003

Cheng, J. (2013). The effect of kindergarten principals’ leadership behaviors on teacher
work performance. Social Behavior and Personality, 41(2), 251-262.
https://doi.org/10.2224/sbp.2013.41.2.251

© 2021 AKU, Kuramsal Egitimbilim Dergisi - Journal of Theoretical Educational Science, 14(4), 720-744


https://doi.org/10.1108/09578231211223310
https://doi.org/10.1007/s10869-008-9075-z
https://doi.org/10.17679/inuefd.307041
https://doi.org/10.1016/j.jsp.2006.09.001
https://doi.org/10.1177/1555458910372653
https://doi.org/10.1016/S0191-3085(06)27006-0
https://doi.org/10.1016/j.tate.2016.05.003
https://doi.org/10.2224/sbp.2013.41.2.251

738 Yener AKMAN

Cheung, H. Y. (2008). Teacher efficacy: a comparative study of Hong Kong and
Shanghai primary in-service teachers. The Australian Educational Researcher, 35,
103-123.

Cohen, L., Manion, L., & Morrison, K. (2007). Research methods in education (6th
edition). Routledge.

Cokluk, O., Sekercioglu, G., & Biiyiikoztiirk, S. (2016). Sosyal bilimler igin ¢cok
degiskenli istatistik SPSS ve LISREL uygulamalari. Pegem Akademi,

Col, G. (2008). The effects of perceived empowerment on employee performance.
Dogus University Journal, 9(1), 35-46.

Colorado Department of Education. (2015). 2015-16 rubric for evaluating Colorado
teachers. Retrieved from
https://www.d11.org/cms/lib/CO02201641/Centricity/Domain/526/2015_16%20ssp
psychologistrubric.pdf

Crippen, C., & Willows, J. (2019). Connecting teacher leadership and servant
leadership: a synergistic partnership. Journal of Leadership Education, 18(2), 171-
180. https://doi.org/10.12806/VV18/12/T4

Crowther, F., Ferguson, M., & Hann, L. (2009). Developing teacher leaders: How
teacher leadership enhances school success. Corwin Press.

Danielson, C. (2006). Teacher leadership that strengthens professional practice.
Association for Supervision and Curriculum Development.

Danielson, C. (2014). The framework for teaching evaluation instrument (2nd ed.).
Danielson Group.

Day, C., Gu, Q., & Sammons, P. (2016). The impact of leadership on student outcomes:
How successful school leaders use transformational and instructional strategies to
make a difference. Educational Administration Quarterly, 52(2), 221-258.
https://doi.org/10.1177/0013161X15616863

Demir, K. (2014). Teacher leadership culture scale: a study of validity and reliability.
Elementary Education Online, 13(2), 334-344.

Demir, S. (2018). A Study on the relationship between school administrators’
motivational language and teacher self-efficacy. Anemon Journal of Social Sciences
of Musg Alparslan University, 6(2) 177-183.
https://doi.org/10.18506/anemon.384848

Diamond, J. B., & Spillane, J. P. (2016). School leadership and management from a
distributed perspective: A 2016 retrospective and prospective. Management in
Education, 30(4), 147-154. https://doi.org/10.1177/0892020616665938

Dilbaz-Sayin, S., & Arslan, H. (2018). Ogretmen ve okul yéneticilerinin performans 6z
degerlendirme sonuclarmin okul kademesi ve mezuniyet degiskeni acisindan
incelenmesi. Igdir Universitesi Sosyal Bilimler Dergisi, 16, 537-564.

DiRanna, K., & Loucks-Horsley, S. (2001). Designing programs for teacher leaders:
The case of the California science implementation network. ERIC Clearinghouse
for Science, Math, and Environmental Education.

Donaldson, M. L., & Johnson, S. M. (2007). Overcoming the obstacles of leadership.
Educational Leadership, 65(1), 8-13.

© 2021 AKU, Kuramsal Egitimbilim Dergisi - Journal of Theoretical Educational Science, 14(4), 720-744


https://www.d11.org/cms/lib/CO02201641/Centricity/Domain/526/2015_16%20ssppsychologistrubric.pdf
https://www.d11.org/cms/lib/CO02201641/Centricity/Domain/526/2015_16%20ssppsychologistrubric.pdf
https://doi.org/10.12806/V18/I2/T4
https://doi.org/10.1177/0013161X15616863
https://doi.org/10.18506/anemon.384848
https://doi.org/10.1177/0892020616665938

The Relationships among Teacher Leadership... 739

Dozier, T. (2007). Turning good teachers into great teachers. Educational Leadership,
65(1), 54-55.

Duyar, 1., Giimiis, S., & Bellibag, M. S. (2013). Multilevel analysis of teacher work
attitudes: the influence of principal leadership and teacher collaboration.
International  Journal of Educational Management, 27(7), 700-719.
https://doi.org/10.1108/1JEM-09-2012-0107

Elliott, E. M., Isaacs, M. L., & Chugani, C. D. (2010). Promoting self-efficacy in early
career teachers: A principal’s guide for differentiated mentoring and supervision.
International Journal of Educational Administration and Policy Studies, 4(1), 131-
139.

Fernet, C., Trépanierb, S., Austin, S., Gagné, M., & Forest, J. (2015). Transformational
leadership and optimal functioning at work: on the mediating role of employees’
perceived job characteristics and motivation. Work and Stress, 29(1), 11-31.

Field, A. (2005). Discovering statistics using SPSS. Sage Publication.

Frost, D. (2008). ‘Teacher leadership’: Values and voice. School Leadership and
Management, 28(4), 337-352.

Gonzales, S., & Lambert, L. (2001). Teacher leadership in professional development
schools: Emerging conceptions, identities, and practices. Journal of School
Leadership, 11(1), 6-24. https://doi.org/10.1177/105268460101100102

Graen, G. B. (1976). Role-making process within complex organization, in Dunnette,
M. D. (Ed.), Handbook of industrial and organizational psychology (pp. 1201-
1245). Rand Mcnally.

Gronn, P. (2000). Distributed properties: A new architecture for leadership. Educational
Management & Administration, 28(3), 317-338.
https://doi.org/10.1177/0263211X000283006

Guo, Y., Connor, C. M., Yang, Y., Roehrig, A. D., & Morrison, F. J. (2012). The effects
of teacher qualification, teacher self-efficacy, and classroom practices on fifth
graders’ literacy outcomes. The Elementary School Journal, 113(1), 3-24.
https://doi.org/10.1086/665816

Guo, Y., Justice, L. M., Sawyer, B., & Tompkins, V. (2011). Exploring factors related
to preschool teachers’ self-efficacy. Teaching and Teacher Education, 27(5), 961-
968.

Hallinger, P., Liu, S., & Piyaman, P. (2017). Does principal leadership make a
difference in teacher professional learning? A comparative study China and
Thailand. Compare: A Journal of Comparative and International Education, 49(3),
341-357. https://doi.org/10.1080/03057925.2017.1407237

Herzberg, F., Mausner, B., & Snyderman, B. (1959). The motivation to work. John
Wiley.
Hipp, K. A., & Bredeson, P. V. (1995). Exploring connections between teacher efficacy

and principals’ leadership behavior. Journal of School Leadership, 5, 136-150.
https://doi.org/10.1177/105268469500500202

Hoy, W. K., & Woolfolk, A. E. (1993). Teachers’ sense of efficacy and the
organizational health of schools. The Elementary School Journal, 93, 356-372.

© 2021 AKU, Kuramsal Egitimbilim Dergisi - Journal of Theoretical Educational Science, 14(4), 720-744


https://doi.org/10.1108/IJEM-09-2012-0107
https://doi.org/10.1177/105268460101100102
https://doi.org/10.1177/0263211X000283006
https://doi.org/10.1086/665816
https://doi.org/10.1080/03057925.2017.1407237
https://doi.org/10.1177/105268469500500202

740 Yener AKMAN

Hunzicker, J. (2012). Professional development and job-embedded collaboration: How
teachers learn to exercise leadership. Professional Development in Education,
38(2), 267-289.

Jackson, C. K., & Bruegmann, E. (2009). Teaching students and teaching each other:
the importance of peer learning for teachers. American Economic Journal: Applied
Economics, 1(4), 85-108. https://doi.org/ 10.1257/app.1.4.85

Jacobson, S. (2011). Leadership effects on student achievement and sustained school
success. International Journal of Educational Management, 25(1), 33-44.
https://doi.org/10.1108/09513541111100107

Joreskog, K. G., & Sérbom, D. (1993). LISREL 8: Structural equation modeling with
the SIMPLIS command language. Scientific Software International; Lawrence
Erlbaum Associates.

Judge, T. A., Thoresen, C. J., Bono, J. E., & Patton, G. K. (2001). The job satisfaction-
job performance relationship: A qualitative and quantitative review. Psychological
Bulletin, 127(3), 376-40. https://doi.org/10.1037/0033-2909.127.3.376

Kagar, T., & Beycioglu, K. (2017). The investigation of elementary school teachers’
self-efficacy beliefs in terms of various variables. Elementary Education Online,
16(4), 1753-1767. https://doi.org/ 10.17051/ilkonline.2017.342988

Kalayci, S. (2014). SPSS uygulamali ¢ok degiskenli istatistik teknikleri. Ankara: Asil
Yayinlari.

Karaoglu, I. B. (2019). Adaptation of teacher sense of self-efficacy scale short form to
Turkish: a study of validity and reliability. The Journal of Academic Social Science,
7(99), 123-139.

Katzenmeyer, M., & Moller, G. (2009). Awakening the sleeping giant: Helping teachers
develop as leaders. Corwin Press.

Kiling, A. C., & Recepoglu, E. (2013). High school teachers' perceptions on and
expectations from teacher leadership. Kalem Egitim ve Insan Bilimleri Dergisi,
3(2), 175-215.

Klassen, R. M., & Tze, V. M. (2014). Teachers’ self-efficacy, personality, and teaching
effectiveness: A meta-analysis. Educational Research Review, 12, 59-76.
https://doi.org/10.1016/j.edurev.2014.06.001

Korkmaz, M. (2005). Effects of leadership styles and emotions on teachers’
performance. Educational Administration: Theory and Practice, 43, 401-422.

Kutluca, A. Y. (2018). Examination of teacher self-efficacy in terms of motivation and
epistemological and pedagogical belief systems. Cumhuriyet International Journal
of Education, 7(2), 175-192. https://doi.org/10.30703/cije.413053

Leithwood, K., Patten, S., & Jantzi, D. (2010). Testing a conception of how school
leadership influences student learning. Educational Administration Quarterly,
46(5), 671-706. https://doi.org/ 10.1177/0013161X10377347

Leonard, J., Petta, K., & Porter, C. (2012). A fresh look at graduate programs in teacher
leadership in the United States. Professional Development in Education, 38(2),
189-204.

© 2021 AKU, Kuramsal Egitimbilim Dergisi - Journal of Theoretical Educational Science, 14(4), 720-744


https://doi.org/%2010.1257/app.1.4.85
https://doi.org/10.1108/09513541111100107
https://doi.org/10.1037/0033-2909.127.3.376
https://doi.org/%2010.17051/ilkonline.2017.342988
https://doi.org/10.1016/j.edurev.2014.06.001
https://doi.org/10.30703/cije.413053
https://doi.org/%2010.1177/0013161X10377347

The Relationships among Teacher Leadership... 741

Lieberman, A., & Friedrich, L. D. (2010). How teachers become leaders: Learning from
practice and research. Teachers College Press.

Limon, 1., & Sezgin-Nartgiin, S. (2020). Development of teacher job performance scale
and determining teachers’ job performance level. Journal of Theoretical
Educational Science, 13(3), 564-590. http://dx.doi.org/10.30831/akukeg.642340

Moore, W., & Esselman, M. (1992, April). Teacher efficacy, power, school climate and
achievement: A desegregating district’s experience. In: Paper presented at the
Annual Meeting of the American Educational Research Association, San Francisco.

Moss, S. E., Juan, 1., Sanchez, J. I., Brumbaugh, A. M., & Borkowski, N. (2009). The
mediating role of feedback avoidance behavior in the LMX-Performance
relationship. Group & Organization Management, 34(6) 645-664.
https://doi.org/10.1177/1059601109350986

Muijs, D., & Harris, A. (2003). Teacher leadership-improvement through
empowerment? An overview of the literature. Educational Management and
Administration, 31(4), 437-448.

Neumerski, C. M. (2012). Rethinking instructional leadership, a review: What do we
know about principal, teacher, and coach instructional leadership, and where should
we go from here? Educational Administration Quarterly, 49, 310-347.
https://doi.org/10.1177/0013161X12456700

Olsen, E. (2008). Helping teachers believe! An investigation into the relationship
between principal leadership behaviors, organizational supports, and teacher
efficacy belief [Unpublished doctoral dissertation]. University of California.

Onay, M. (2011). Calisanin sahip oldugu duygusal zekasinin ve duygusal emeginin,
gorev performansi ve baglamsal performans tizerindeki etkisi. Ege Akademik Bakaus,
11(4), 587-600.

Ontas, T., & Okut, L. (2017). The relationship between private elementary and middle
school teachers’ leadership behaviors and classroom management tendencies. Inonu
University Journal of the Faculty of Education, 18(1), 98-115. https://doi.org/
10.17679/inuefd.296131

Ozdemir, M. (2014). Egitim érgiitlerinde insan kaynaklar: yonetimi. Am Yaymcilik.

Ozdemir, M., & Géren, S. C. (2017). Mediating role of organizational commitment in
leadership coherence, psychological empowerment and teacher performance
relationship. Elementary Education Online, 16(2), 342-353.
http://dx.doi.org/10.17051/i0.2017.47449

Ozdemir, M., & Yirmibes, A. (2016). Okullarda liderlik ekibi uyumu ve 6gretmen
performanst iligkisinde is doyumunun araci etkisi. Gazi Egitim Fakiiltesi Dergisi,
36(2), 323-348.

Ozgenel, M., & Aktas, A. (2020). The effect of school principal’s leadership styles on
teacher performance. International Journal of Leadership Studies: Theory and
Practice, 3(2), 1-18.

Ozgenel, M., Mert, P., & Parlar, H. (2020). Improving teacher performance: leadership
qualities of school principals as a tool. Istanbul Commerce University Journal of
Social Science, 39, 1127-1148. https://doi.org/10.46928/iticusbe.771119

© 2021 AKU, Kuramsal Egitimbilim Dergisi - Journal of Theoretical Educational Science, 14(4), 720-744


http://dx.doi.org/10.30831/akukeg.642340
https://doi.org/10.1177/1059601109350986
https://doi.org/10.1177/0013161X12456700
https://doi.org/%2010.17679/inuefd.296131
https://doi.org/%2010.17679/inuefd.296131
http://dx.doi.org/10.17051/io.2017.47449
https://doi.org/10.46928/iticusbe.771119

742 Yener AKMAN

Oztiirk, N., & Sahin, S. (2017). Organizational culture and teacher leadership in
educational organizations: mediation role of leader-member exchange. Elementary
Education Online, 16(4), 1451-1468. https://doi.org/
10.17051/ilkonline.2017.342967

Petrie, H. G. (Ed.). (1995). Professionalization, partnership, and power: Building
professional development schools. State University of New York Press.

Pitts, D. (2009). Diversity management, job satisfaction, and performance: Evidence
from U.S. Federal Agencies. Public Administration Review, March, 328-338.

Pounder, J. S. (2006). Transformational classroom leadership: The fourth wave of
teacher leadership? Educational Management Administration & Leadership, 34(4),
533-545. https://doi.org/10.1177/1741143206068216

Reeves, T. D., & Lowenhaupt, R. J. (2016). Teachers as leaders: Pre-service teachers’
aspirations and motivations. Teaching and Teacher Education, 57, 176-187.
https://doi.org/10.1016/j.tate.2016.03.011

Robbins, S. P., & Judge, T. A. (2012). Orgiitsel davranis. Nobel Akademik Yaymcilik.

Saks, A. (1995). Longitudinal field investigation of the moderating and mediating
effects of self-efficacy on the relationship between training and newcomer
adjustment. Journal of  Applied Psychology, 80(2), 211-225.
https://doi.org/10.1037/0021-9010.80.2.211

Sawyer, J. M. (2005). A case study of teacher leadership as a strategy for implementing
change [Unpublished doctoral dissertation]. Boston College.

Schunk, D. H., & Ertmer, P. A. (1999). Self-regulatory processes during computer skill
acquisition: Goal and self-evaluation influences. Journal of Educational
Psychology, 91, 251-260. https://doi.org/10.1037/0022-0663.91.2.251

Sehgal, P., Nambudiri, R., & Mishra, S. K. (2017). Teacher effectiveness through self-
efficacy, collaboration and principal leadership. International Journal of
Educational Management, 31(4), 505-517. https://doi.org/10.1108/IJEM-05-2016-
0090

Shachar, H., & Shmuelevitz, H. (1997). Implementing cooperative learning, teacher
collaboration and teachers’ sense of efficacy in heterogeneous junior high schools.
Contemporary Educational Psychology, 22, 53-72.
https://doi.org/10.1006/ceps.1997.0924

Skaalvik, E. M., & Skaalvik, S. (2007). Dimensions of teacher self-efficacy and
relations with strain factors, perceived collective teacher efficacy, and teacher
burnout. Journal of  Educational Psychology, 99(3), 611-625.
https://doi.org/10.1037/0022-0663.99.3.611

Skaalvik, E. M., & Skaalvik, S. (2010). Teacher self-efficacy and teacher burnout: A
study of relations. Teaching and Teacher Education, 26(4), 1059-1069.
https://doi.org/10.1016/j.tate.2009.11.001

Snoek, M., & Volman, M. (2014). The impact of the organizational transfer climate on
the use of teacher leadership competences developed in a post-initial master’s
program. Teaching and Teacher Education, 37, 91-100.
http://dx.doi.org/10.1016/j.tate.2013.10.005

© 2021 AKU, Kuramsal Egitimbilim Dergisi - Journal of Theoretical Educational Science, 14(4), 720-744


https://doi.org/%2010.17051/ilkonline.2017.342967
https://doi.org/%2010.17051/ilkonline.2017.342967
https://doi.org/10.1177/1741143206068216
https://doi.org/10.1016/j.tate.2016.03.011
https://doi.org/10.1037/0021-9010.80.2.211
https://doi.org/10.1037/0022-0663.91.2.251
https://doi.org/10.1108/IJEM-05-2016-0090
https://doi.org/10.1108/IJEM-05-2016-0090
https://doi.org/10.1006/ceps.1997.0924
https://doi.org/10.1037/0022-0663.99.3.611
https://doi.org/10.1016/j.tate.2009.11.001
http://dx.doi.org/10.1016/j.tate.2013.10.005

The Relationships among Teacher Leadership... 743

Tabachnick, B. G., & Fidell, L. S. (2013). Using multivariate statistics. Boston:
Pearson.

Tims, M., Bakker, A. B., & Derks, D. (2012). Daily job crafting and the self-efficacy —
performance relationship. Journal of Managerial Psychology, 29(5), 490-507.
https://doi.org/10.1108/JMP-05-2012-0148

Tosuntas, S. B. (2017). Factors that affect the interactive whiteboard usage of teachers
and its effect on teacher performance [Unpublished doctoral dissertation]. Eskisehir
Osmangazi University.

Tschannen-Moran, M., & Hoy, A. W. (2001). Teacher efficacy: Capturing an elusive
construct. Teaching and Teacher Education, 17, 783-805.
https://doi.org/10.1016/S0742-051X(01)00036-1

Tschannen-Moran, M., & Johnson, D. (2011). Exploring literacy teachers’ self-efficacy
beliefs: Potential sources at play. Teaching and Teacher Education, 27, 751-761.
https://doi.org/10.1016/j.tate.2010.12.005

Tschannen-Moran, M., Woolfolk Hoy, A., & Hoy, W. K. (1998). Teacher efficacy: its
meaning and measure. Review of Educational Research, 68, 202-248.
https://doi.org/10.3102/00346543068002202

Tuytens, M., & Devos, G. (2012). The effect of procedural justice in the relationship
between charismatic leadership and feedback reactions in performance appraisal.
The International Journal of Human Resource Management, 23(15), 3047-3062.

Vigoda-Gadot, E. (2007). Leadership style, organizational politics, and employees’
performance: an empirical examination of two competing models. Leadership Style,
36(5), 661-683. https://doi.org/10.1108/00483480710773981

Wahlstrom, K. L., & Louis, K. S. (2008). How teachers experience principal leadership:
The roles of professional community, trust, efficacy, and shared responsibility.
Educational Administration Quarterly, 44(4), 458-495.
https://doi.org/10.1177/0013161X08321502

Weightman, J. (2004). Managing people. Chartered Institute of Personnel and
Development.

Wenner, J. A., & Campbell, T. (2017). The theoretical and empirical basis of teacher
leadership: A review of the literature. Review of Educational Research, 87(1), 134-
171. https://doi.org/10.3102/0034654316653478

Woessmann, L. (2011). Cross-country evidence on teacher performance pay. Economics
of Education Review, 30, 404-418.
https://doi.org/10.1016/j.econedurev.2010.12.008

Wolters, C. A., & Daugherty, S. G. (2007). Goal structures and teachers’ sense of
efficacy: their relation and association to teaching experience and academic level.
Journal of Educational Psychology, 99, 181-193. https://doi.org/10.1037/0022-
0663.99.1.181

Yeung, K. W., & Watkins, D. (2000). Hong Kong student teachers’ personal
construction of teaching efficacy. Educational Psychology, 20(2), 213-235.

Yigit, Y., Dogan, S., & Ugurlu, C. T. (2013). Teachers’ views on teacher leadership
behavior. Cumhuriyet International Journal of Education, 2(2), 93-105.

© 2021 AKU, Kuramsal Egitimbilim Dergisi - Journal of Theoretical Educational Science, 14(4), 720-744


https://doi.org/10.1016/S0742-051X(01)00036-1
https://doi.org/10.1016/j.tate.2010.12.005
https://doi.org/10.3102/00346543068002202
https://doi.org/10.1108/00483480710773981
https://doi.org/10.1177/0013161X08321502
https://doi.org/10.3102/0034654316653478
https://doi.org/10.1016/j.econedurev.2010.12.008
https://doi.org/10.1037/0022-0663.99.1.181
https://doi.org/10.1037/0022-0663.99.1.181

744 Yener AKMAN

York-Barr, J., & Duke, K. (2004). What do we know about teacher leadership? Findings
from two decades of scholarship. Review of Educational Research, 74(3), 255-316.
https://doi.org/10.3102/00346543074003255

Zheng, X., Yin, H., & Li, Z. (2018). Exploring the relationships among instructional
leadership, professional learning communities and teacher self-efficacy in China.
Educational Management Administration & Leadership, 47(6), 843-859.
https://doi.org/10.1177/1741143218764176

@@@ This is an Open Access article distributed under the terms of the Creative CommonsAttribution-
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/

© 2021 AKU, Kuramsal Egitimbilim Dergisi - Journal of Theoretical Educational Science, 14(4), 720-744


https://doi.org/10.3102/00346543074003255
https://doi.org/10.1177/1741143218764176
https://creativecommons.org/licenses/by-nc-sa/4.0/
https://creativecommons.org/licenses/by-nc-sa/4.0/

