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OZET

Bilimsel muhakeme becerileri hakkinda yapilan ¢calismalarin derinlemesine incelenmesinin ve bu incelemeler sonucunda yol
gosterici bir haritanin olusturulmasinin gerekliligi diisiiniilmektedir. Bu ¢alismada, bilimsel muhakeme becerisi ile ilgili
ulusal lisansiistii tezler incelenerek genel bir cerceve olusturulmasi amaglanmistir. Arastirmanin érneklemini Yiikksekdgretim
Kurulu (YOK) Ulusal Tez Merkezi veri tabanindan erisilebilen Tiirkiye genelindeki 74 ulusal lisansiistii tez olusturmaktadr.
Bu tezler, nitel arastirma yontemlerinden tematik igerik analizi kullanilarak analiz edilmistir. incelenen ulusal lisansiistii

tezler 13 tema altinda analiz edilmistir: “yil”, “tez tird”, “egitim alam”, “arastirma tasarimi/yontem modeli”, “deneysel
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arastirma tiirdt”, “6grenme yontemi”, “6rneklem tiirii”, “6rneklem biiytikliigii”, “veri toplama ydntemleri/araglar1”, “veri analiz
teknigi”, “arastirmaya dahil edilen bilimsel muhakeme becerileri”, “sonuclar” ve “6neriler”. Bulgular, tezlerin cogunun 2019
yilinda yazildigini ortaya koymustur. Tez tlrlerinin ¢gogunlugu yiiksek lisans tezi, egitim alanlarinin en stk matematik egitimi
oldugu goriilmiistiir. En sik arastirma tasarimi/yontem modeli deneysel, en sik yar1 deneysel tasarim ise deneysel arastirma
tiridiir. Ortaokul 6grencileri en sik kullanilan érneklem tiirtiydii ve 6rneklem biiyiikliikleri ¢ogunlukla 0-25 arasindadir.
Testler en sik kullanilan veri toplama yontemleri/araglariydi ve gecerlilik en ¢ok kullanilan veri analiz teknigiydi.
Arglimantasyona dayali 6grenme en ¢ok tercih edilen 6grenme yontemiydi. Arastirmada en sik ele alinan bilimsel muhakeme
becerisi, 6zellikle matematiksel muhakeme becerilerine odaklanan matematiksel muhakemedir. Sonuglar ve tartismalar,
dgrencilerin bilimsel muhakeme becerilerindeki gelismeleri siklikla vurguladi. Onerilerde, arastirmacilara genellikle bilimsel

muhakeme becerilerini gelistirmeyi amaglayan uygulamalar gelistirmeleri tavsiye edilmektedir.
Anahtar Kelimeler: Bilimsel Muhakeme Becerileri, Tematik Analiz, Ulusal Lisansiistii Tezler

Etik Kurul izni Tarih / Say1: Bu calisma yazar tarafindan etik kurul onay1 gerektirmeyen bir calisma olarak beyan
edilmistir.

UZUN OZET

Amac ve Onem

Bilimsel muhakeme becerileri, uluslararasi egitim alaninda yaygin olarak karsilasilan 6nemli bir konu olarak kabul
edilmektedir (Abate ve digerleri, 2024; Getahun, 2023; Krell ve digerleri, 2020; Osborne, 2013). ilgili ulusal alanyazin
incelendiginde fen egitiminde bilimsel muhakeme becerileri ile ilgili yapilan ¢calismalarin az sayida ve amaglarinin ise
muhakeme becerilerinin tespit edilmesi ve gelistirilmesi yoniinde gergeklestirildigi gériilmiistiir (Aydin ve Kaptan,
2014; Ceylan ve Bozkurt, 2017; Dogru Oral ve Bozkurt, 2021; Fettahlioglu, 2018; Gokee ve Saragoglu, 2018; Kara ve
Kefeli, 2018; Kocagiil Saglam ve Unal Coban, 2020; Kocagiil ve Unal Coban 2022a, 2022b, 2023; Ozdeniz ve digerleri,
2023; Polat ve Emre, 2020; Sert Cibik ve Emrahoglu, 2008; Sasmaz Oren ve Tezcan, 2008; Yaman, 2005; Yiiksel, 2019;

1 Bu ¢alisma, birinci yazarin ikinci yazar danismanliginda yiiriittiigi “Bilimsel muhakeme becerileri ile ilgili ulusal lisansiistii tezlerin tematik
icerik analizi” baglikli yiiksek lisans tezinden iretilmistir.

2 Ars. Gor., Kahraman Maras Siitcii imam Universitesi, melisayilmaz@ksu.edu.tr 0000-0003-0424-2106
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Yiiksel ve Ates, 2017; Yiiksel ve Ates, 2019; Yiiziiak ve Dokme, 2019). Bu alana gosterilen ilginin artis1 géz 6niine
alindiginda, bu ¢alismanin bulgular1 arastirmacilar ve egitimciler acisindan karsilastirmali analizlere ve uluslararasi
diizeyde yapilacak tartismalara degerli bir katki sunabilir. Ayrica bu ¢alisma, Tirkiye’deki bilimsel muhakeme
arastirmalarini derinlemesine analiz ederek uluslararasi literatiirde gorece eksik olan boélgesel baglamlara 1sik
tutmay1 amaglamaktadir. Dolayisiyla tasidigi 6nem kapsaminda, bilimsel muhakeme becerileri hakkinda yapilan
calismalarin derinlemesine incelenmesinin ve bu incelemeler sonucunda yol gosterici bir haritanin olusturulmasinin
gerekliligi diistiniilmektedir. Bu dogrultuda gerceklestirilen bu ¢alismada “Bilimsel Muhakeme Becerileri” icerigini
sunan ulusal lisansiistii tezlerin giincel bir bakis acisi ile degerlendirilmesi yapilarak var olan arastirmalarin tek bir
kaynak altinda toplanmasi saglanmistir. Ayrica bu ¢alismada amaglarin ortaya konmasi i¢in tematik icerik analizi
yontemi kullanilmis ve bu sayede yapilan ¢alismalarin kapsam cesitliliginin artmasi, yeni 6l¢eklerin ve alternatif
degerlendirme araglarinin tasarlanmasi, program, ders kitaplar1 ve etkinliklerde dolayli olarak degil dogrudan
bilimsel muhakeme becerilerine vurgu yapilmasinin saglanmasi hedeflenmistir. Bu arastirmanin amaci, bilimsel
muhakeme becerileri ile ilgili ulusal lisansiistii tezlerin tematik icerik analizi yoluyla incelenmesidir. Bu dogrultuda
gerceklestirilen bu ¢alismada bilimsel muhakeme becerileri ile ilgili yazilmis ulusal lisansiistii tezlerin incelemesinde
asagida verilen arastirma sorulari ele alinmistir:

¢  Bilimsel muhakeme becerileri ile ilgili ulusal lisansiistii tezlerin y1l, tez tiirii ve egitim alanlarina gore dagilimi
nasildir?

¢  Bilimsel muhakeme becerileri ile ilgili ulusal lisansiisti tezlerin arastirma desen/y6ntem modeli, deneysel
arastirma turd, o6rneklem tiirii, 6rneklem biiyiikligi, veri toplama yontemi/araci, veri analiz tekniklerine gore
dagilimi nasildir?

e  Bilimsel muhakeme becerileriile ilgili ulusal lisansiistii 6grenme yontemi ve arastirmaya dahil edilen bilimsel
muhakeme becerilerine gore dagilimi nasildir?

. Bilimsel muhakeme becerileriile ilgili ulusal lisansiistii tezlerin sonug ve tartisma ve 6nerilerine goére dagilimi
nasildir?

Yontem
Bu aragtirmada nitel arastirma yaklagimi olan tematik analiz yéntemi kullanilmistir. Arastirmada tezlere YOK Ulusal

» o«

Tez Merkezi veri tabani araciligiyla ulasilmistir. “Bilimsel muhakeme becerileri”, “bilimsel muhakeme”, “muhakeme
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becerileri”, “muhakeme yetenegi”, “orantisal diisiinme becerileri”, “nedensel muhakeme”, “korelasyonel diisiinme”,
“olasilikl diisiinme”, “orantisal diisiinme” ve “iliskisel diisiinme” arama kelimeleri tercih edilmistir. Arastirmada 74
lisansiistii tezi tizerinde inceleme yapilmistir. Tematik igerik analizi yapilmak tizere bazi 6l¢iitlere karar verilmistir.
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Bu olgiitler “yil”, “tez tird”, “egitim alani”, “arastirmanin desen/yontemi”, “deneysel arastirma tiirii”, “6grenme

»n o« »n o« o«

yontemleri”, “6rneklem tiri”, “6rneklem sayisi”, “veri toplama yontemleri/araglar1”, “verilerin analizi”, “arastirmaya
dahil edilen bilimsel muhakeme becerileri”, “sonug-tartisma” ve “6neriler” olmak {izere 14 tanedir. Temalar uzman
goriisiine sunulmustur. Temalarin belirlenmesinde iki uzman (Fen Egitimi Alaninda Ogretim Uyesi) goriisii alinmistir.

Uzman goriislerinde uyusmayan kisimlar tespit edilmis ve ortak karara basvurularak tutarhlik saglanmstir.

Sonug ve Taritsma

Bilimsel muhakeme becerileri ile ilgili ulusal lisansiistii tezlerin yillara gére dagilimi incelendiginde, ilk tez
¢alismasinin 2007 yilinda yapildig1 ve en fazla tezin ise 2019 yilinda yazildig1 elde edilmistir. Bunun sebebi Tiirkiye’'de
2018 yilinda fen 6gretim programinda degisikliklere gidilmis olmasi, farkli tema ve becerilerin miifredata dahil
edilmis olmasi olabilir (MEB, 2018). Bilimsel muhakeme becerileri ile ilgili ulusal lisansiistii tezlerin tez tiiriine gore
dagilimi incelendiginde 49 ¢alismanin ytksek lisans, 25 ¢alismanin ise doktora diizeyinde oldugu tespit edilmistir.
YOK ulusal tez merkezinde yer alan yiiksek lisans tezleri doktora tezlerine gére daha fazladir (Yiiksekogretim Kurulu
Baskanligi [YOK] Ulusal Tez Merkezi, 2024). Bilimsel muhakeme becerileri ile ilgili ulusal lisansiistii tezlerin egitim
alanina gore dagilimi incelendiginde matematik egitimi alaninda yapilan ¢alisma sayisinin en fazla oldugu, onu takip
eden egitim alaninin ise fen bilgisi egitimi oldugu elde edilmistir. Bilimsel muhakeme becerileri ile ilgili ulusal
lisansiistii tezlerin arastirma desen/ydntem modeline gore dagilimi incelendiginde en fazla kullanilan arastirma
desen/yontem modelinin deneysel oldugu, onu takip eden arastirma desen/yontem modellerinin sirasiyla tarama,
durum, karma ve iliskisel oldugu sonucuna ulasilmistir. Bilimsel muhakeme becerileri ile ilgili ulusal lisansiistii
tezlerin 6rneklem tiirtine gore dagilimi incelendiginde en fazla ¢alismanin ortaokul dgrencileri ile yapildig: tespit
edilmistir. Bilimsel muhakeme becerileri ile ilgili ulusal lisansiistl tezlerin 6rneklem biiyiikliigiine gére dagilimi
incelendiginde en fazla ¢alismanin 0-25 kisi araliginda, ikinci en fazla ¢alismanin 51-75 kisi aralifinda yapildigi elde
edilmistir. Bilimsel muhakeme becerileri ile ilgili ulusal lisansiistii tezlerin veri toplama yontemlerine/araglarina gére
dagilimi incelendiginde en fazla kullanilan test, en az ise anket oldugu tespit edilmistir. Daha sonra sirasiyla dokiiman,
goriisme/miilakat, gézlem ve 6lcek kullanildig goriilmiistiir. Bilimsel muhakeme becerileri ile ilgili ulusal lisanstisti
tezlerin veri analiz teknigine gore dagilimi incelendiginde en fazla kullanilan veri analiz tekniginin gecerlik ve
giivenirlik oldugu daha sonra ise betimsel istatistik ve normallik testlerinin kullanildig1 elde edilmistir. Bilimsel
muhakeme becerileri ile ilgili ulusal lisansiistii tezlerin 6grenme yontemlerine gore dagilimi incelendiginde 29 farklh
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6grenme yonteminin kullanildig1 ve en fazla argiimantasyona dayali 6grenme yonteminin kullanildig: tespit edilmistir.
Bilimsel muhakeme becerileri ile ilgili ulusal lisansiistii tezlerin arastirmaya dahil edilen bilimsel muhakeme
becerilerine gore dagilimi incelendiginde sirasiyla en fazla matematiksel muhakeme becerileri ve Lawson bilimsel
muhakeme becerilerinin tercih edildigi elde edilmistir. Daha sonra sirasiyla informal muhakeme becerileri, Lohman
ve Hagen bilimsel muhakeme becerileri ve s6zel muhakeme becerilerinin kullanildig1 tespit edilmistir. Bilimsel
muhakeme becerileri ile ilgili ulusal lisansiistii tezlerin sonug ve tartismalarina gére dagilimi incelendiginde en fazla
ulasilan sonug ve tartisma 6grencilere yonelik temasindaki “bilimsel muhakeme becerilerinin gelistigi” olmustur.
Bilimsel muhakeme becerileriile ilgili ulusal lisansiistii tezlerin 6énerilerine gore dagilimi incelendiginde en fazla 6neri
arastirmacilara yonelik temasindaki “bilimsel muhakeme becerilerini gelistirmeye ydnelik uygulamalarin
hazirlanmas1” olmustur.
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ABSTRACT

Given its importance, there is a perceived necessity to conduct an in-depth examination of studies on scientific reasoning
skills and to create a guided map based on these examinations. This study aims to establish a general framework by examining
national postgraduate theses related to scientific reasoning skills, revealing their current state, and updating any hidden or
misunderstood skills. The research sample includes 74 national postgraduate theses from Tiirkiye, which are accessible
through the National Thesis Center database of the Council of Higher Education (CoHE). These theses were analyzed in-depth
using thematic content analysis, a qualitative research method. The examined national postgraduate theses were analyzed
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across 13 themes: “year”, “thesis type”, “field of education”, “research design/method model”, “type of experimental
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research”, “learning method”, “sample type”, “sample size”, “data collection methods/tools”, “data analysis technique”,
“scientific reasoning skills included in the research”, “results” and discussions”, and “recommendations”. The findings
revealed that most of these were written in 2019. The predominant thesis type was a master's thesis, and the most common
field of education was mathematics education. The most frequent research design/method model was experimental, with
quasi-experimental design being the most common type of experimental research. Middle school students were the most
frequent sample type, with sample sizes most commonly ranging from 0-25. Tests were the most frequently used data
collection methods/tools, and validity was the most employed data analysis technique. Argumentation-based learning was
the preferred learning method. The most addressed scientific reasoning skill in the research was mathematical reasoning,
specifically focused on mathematical reasoning skills. The results and discussions frequently highlighted improvements in
students' scientific reasoning skills. The recommendations often advised researchers to develop applications aimed at
enhancing scientific reasoning skills.

Keywords: National Graduate Theses, Scientific Reasoning Skills, Thematic Content Analysis
Ethical Committee Date / Number: This study was declared by the author as a study that does not require ethics

committee approval.

1. Introduction

The word “reasoning” means making impartial decisions by considering the existing information
(Erdem, 2011). Aluparmak and Ozis (2005) define reasoning, a fundamental ability, as the process of
drawing conclusions from judgments, facts, or propositions. This process involves examining events
comprehensively, generating various options, and making decisions based on logical evaluation (Hardman
& Macchi, 2003). To logically assess the current situation, it is crucial to question it with an understanding
of "what and why did I do" in terms of cause and effect (Oz & Isik, 2017). In this context, Zimmerman (2000)
refers to the skills used in the inquiry process as reasoning skills. Reasoning is the process of "seeking a
way to solve a problem (Tiirk Dil Kurumu (Turkish Language Society) [TDK], 2024)." Therefore, reasoning
skills can also be referred to as scientific reasoning skills.

Scientific reasoning skills are recognized as "a tool for engaging in discussions aimed at drawing logical
conclusions” (Sperber, 2000) and as "mental skills that enhance students' capacity for critical thinking"
(Dokme, 2019). In essence, they denote the abilities required to solve problems scientifically and to express
students' inquiries accordingly (Bruckermann et al., 2022; Hadi et al., 2021; Reith & Nehring, 2020;
Woulandari et al.,, 2025). Researchers have articulated the attributes of scientific reasoning skills through
diverse perspectives in their studies, resulting in various categorizations (Kocagiil Saglam, 2019). Various
researchers have developed different classifications of scientific reasoning skills (Figure 1).

1 This study was derived from the master’s thesis entitled “Thematic content analysis of national graduate thesis related to scientific reasoning
skills”, conducted by the first author under the supervision of the second authors.

2 Res. Assit.,, Kahraman Maras Siitcii imam University, melisayilmaz@ksu.edu.tr 0000-0003-0424-2106
3 Assoc.Prof.Dr., Zonguldak Biilent Ecevit University, fulya.zorlu@beun.edu.tr == 0000-0001-8167-0839
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Figure 1. Classifications of scientific reasoning skills

From 1978 to 2013, these skills represent essential and tangible components of broadly defined
scientific reasoning abilities. Lawson’s studies (1978, 1985, 1995) emphasize cognitive development
through reasoning types such as hypothetical, proportional, and correlational thinking, with a gradual
expansion to include conservation principles. Zimmerman (2007) focuses on the procedural and
metacognitive aspects of scientific reasoning, including hypothesis testing, variable control, and evaluation
of results. Han (2013) integrates both cognitive and logical reasoning processes—such as inductive,
deductive, and causal reasoning—highlighting the complexity and interconnection of these skills in
scientific inquiry. Zimmerman (2007) and Han (2013) have delineated the current dimensions of skills
assessed by Lawson. There are also scientific reasoning skills classified with different sub-dimensions in
the literature. Lohman and Hagen (2003) formed these skills from three sub-components: numerical, which
refers to understanding the relationships between numbers and solving patterns; verbal, which refers to
drawing conclusions and establishing relationships between concepts; and spatial reasoning, which refers
to visualizing and analyzing the direction, location, and relationships of shapes. Ates (2019) mentioned
four sub-components: abductive, which is to suggest a possible cause based on observation, inductive,
which is to reach a general conclusion from specific observations, deductive, which is to deduce a special
case from a general rule, and deductive and inductive reasoning, which is to use deduction and induction
together. These skills encompass reasoning abilities such as hypothetical, proportional, probabilistic,
correlational, inductive, and deductive thinking, as well as the control of variables, understanding of
conservation principles, and combinational reasoning—all fundamental to scientific inquiry and problem-
solving (Dékme, 2019).

Science education programs published between 2018 and TCEM (Tiirkiye Century Education Model)
have emphasized the cultivation of life skills such as problem-solving, analytical thinking, creative thinking,
critical thinking, and decision-making (Kartal & Oztiirk, 2023). When reviewing pertinent studies, it
becomes clear that scientific reasoning skills are pivotal to the core objectives of science education. Science
courses serve as crucial platforms for developing these skills (Diola et al.,, 2025; Rantong & Sarnkong, 2025;
Varl;, 2018). Consequently, in science instruction, there is an emphasis on processes that involve
structuring knowledge and applying reasoning through activities such as research, inquiry, and exploration.
Laboratory practices are particularly conducive to exploring socio-scientific issues, interdisciplinary
concepts, projects, and designs (Baba, Zorlu & Zorlu, 2022; Ding Bilgin & Zorlu, 2023; Ozdeniz, 2021; Zorlu
& Sezek, 2019, 2020; Zorlu & Zorlu, 2022). The 2018 Science Curriculum also advocates for a research and
inquiry-based learning approach with an interdisciplinary focus. The curriculum's specific goals emphasize
adopting a scientific research methodology, understanding the creation and evolution of scientific
knowledge, and its application in new research. Socioscientific issues are used to enhance reasoning
abilities, foster scientific thinking habits, and develop decision-making skills (MoNE, 2018). However, the
curriculum does not explicitly highlight scientific reasoning skills within the life skills category. This
underscores the importance of explicitly incorporating targeted skill instruction to promote awareness and
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understanding of expected scientific reasoning abilities (Kocagiil Saglam, 2019). The 2024 The Century of
Tirkiye Education Model has integrated reasoning skills into its framework of learning outcomes (MoNE,
2024a). These skills are viewed as integral components of broader competencies, encompassing abilities
such as inductive, deductive, and analogical reasoning. Specifically within the domain of science, the
curriculum emphasizes the development of skills like inductive and deductive reasoning (MoNE, 2024b).

Research based on inquiry-based science education has been observed to enhance scientific reasoning
skills (Beck & Blumer, 2012; Benford & Lawson, 2001; Choowong & Worapun, 2021; Erlina et al., 2018;
Gerber etal,, 2001; Zimbardi et al., 2013). However, upon reviewing relevant national literature, it has been
noted that studies focusing on scientific reasoning skills in science education are limited in number, and
their objectives mainly revolve around identifying and developing these skills (Aydin & Kaptan, 2014;
Ceylan & Bozkurt, 2017; Dogru Oral & Bozkurt, 2021; Fettahlioglu, 2018; Gok¢e & Saracoglu, 2018; Kara &
Kefeli, 2018; Kocagiil Saglam & Unal Coban, 2020; Kocagiil & Unal Coban 2022a; Kocagiil & Unal Coban,
2022b; Ozdeniz vd., 2023; Polat & Emre, 2020; Sert Cibik & Emrahoglu, 2008; Sasmaz Oren & Tezcan, 2008;
Yaman, 2005; Yiiksel, 2019; Yiiksel & Ates, 2017; Yiiksel & Ates, 2019; Yiiziak & Dokme, 2019). Therefore,
given its importance, there is a perceived necessity to conduct an in-depth examination of studies on
scientific reasoning skills and to create a guiding map based on these examinations. In this study, national
postgraduate theses are evaluated to consolidate contemporary research on "Scientific Reasoning Skills"
into a comprehensive source. Thematic content analysis was employed to elucidate the objectives and
broaden the scope of these studies. In this context, the evaluation of scientific reasoning skills usage and
the critical assessment of research outcomes are expected to make a substantial contribution to the
relevant literature. Furthermore, this assessment is anticipated to serve as a guiding framework for future
studies, offering direction to researchers in the field. Ergiin et al. (2023) examined studies focusing on
scientific reasoning skills with a similar method. However, this study provided depth analysis by revealing
the sub-dimensions of different scientific reasoning skills in detail with the thematic analysis method from
qualitative research approaches. Scientific reasoning skills are widely accepted as an important issue
encountered in the field of international education (Abate et al., 2024; Getahun, 2023; Krell et al., 2020;
Osborne, 2013). Considering the increasing interest in this field, the findings of this study can make a
valuable contribution to comparative analyses and international discussions for researchers and educators.
In this study, the examination of national postgraduate theses related to scientific reasoning skills
addresses the following research questions:

1. Whatis the distribution of national postgraduate theses related to scientific reasoning skills by year,
thesis type, and field of education?

2.  What is the distribution of national postgraduate theses related to scientific reasoning skills by
research design/method model, type of experimental research, sample type, sample size, data collection
method/tool and data analysis technique?

3.  What is the distribution of national postgraduate theses related to scientific reasoning skills by
learning method and scientific reasoning skills included in the research?

4. What is the distribution of national postgraduate theses related to scientific reasoning skills by
results, discussions, and recommendations?

2. Method

2.1. Ethics Committee Approval

The sample of research consists of documents, not humans or living beings. Ethics committee approval
is not required for research involving document review.

2.2. Research Design

In the study that investigated national postgraduate theses focusing on scientific reasoning skills, the
researchers employed thematic analysis, a qualitative research method. Thematic content analysis aims to
enhance comprehension of research conducted within a particular field by conducting detailed
examinations within predefined themes and frameworks. This method involves critically evaluating
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studies, addressing gaps in the literature, consolidating information from existing studies into a cohesive
analysis, and identifying trends based on the findings (Au, 2007; Calik & Sozbilir, 2014; Dogankollu, 2022).
Thematic content analysis was selected for this study to explore the effective utilization of scientific
reasoning skills. The data collection and analysis process in the study is structured into three stages (Figure
2). The first stage involves defining the research questions and selecting the relevant graduate theses. The
second stage includes reading and analyzing the theses to identify themes and codes. The third stage
focuses on presenting the findings and drawing conclusions.

Determining Selecting
the topic and postgraduate
writing I theses to be
problem included in

questions the study

Reading Common
selected themes
theses creation
Synthesizing
common
themes
Reporting the
process and
findings

Figure 2. Stages followed in thematic content analysis (Polat & Ay, 2016).

2.3. Data Collection Process

Access to national postgraduate theses focusing on scientific reasoning skills was facilitated through
Database of the National Thesis Center of the Council of Higher Education (CoHE). The most recent access
date for these theses was 11.11.2023. Theses not aligned with thematic integrity were excluded based on
specific search keywords related to scientific reasoning skills (f = 9), scientific reasoning (f = 5), reasoning
skills (f = 37), reasoning ability (f = 14), proportional reasoning skills (f = 2), causal reasoning (f = 2),
correlational reasoning (f= 1), probabilistic reasoning (f = 2), proportional reasoning (f= 1), and relational
reasoning (f = 1). Theses retrieved through these keywords were further validated to ensure relevance to
the field of education and teaching. A total of 74 postgraduate theses were thoroughly reviewed.
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2.4. Data Analysis

Criteria were established for conducting thematic content analysis, encompassing 14 specific aspects
including search keywords, year of publication, thesis type, educational field, research
design/methodology, type of experimental research, learning methods, sample type, sample size, data
collection methods/tools, data analysis techniques, scientific reasoning skills studied, results-discussion,
and recommendations. Data from the reviewed studies were organized and summarized using Microsoft
Excel. To establish themes such as "Research Design/Methodology," "Type of Experimental Research,"
"Learning Methods," "Sample Type," "Sample Size," "Data Collection Methods/Tools," and "Data Analysis,"
a comprehensive review of various sources was conducted, and a pool was created (Biiyiikoztiirk et al.,
2020; Cresswell, 2017; McMillan & Schumacher, 2010; Tanri6gen, 2021). The theme regarding the
"Inclusion of Scientific Reasoning Skills in Research” was derived from multiple sources, and a pool was
created (Han, 2013; Lawson, 1978, 1985, 1995; Zimmerman, 2007). Themes related to "Results" and
"Recommendations” were formulated based on the analysis of the theses. These themes were presented
to experts for their evaluation and feedback. Two experts, both faculty members specializing in Science
Education, were consulted to finalize and validate the themes. In the experts’ views, inconsistent parts were
determined and consistency was ensured by applying a common decision. In order to determine the
reliability in determining the themes and codes, the formula “Reliability = Consensus / (Consensus +
Disagreement) x 100” was applied (Miles & Huberman, 1994). The similarity between the two coders for
two experts was calculated as 1853 / (185 + 1853) x 100 = 90.90%. According to this value, reliability was
ensured in determining the themes and codes.

3. Results

3.1. Findings for Research Question “What is the distribution of national postgraduate theses related to
scientific reasoning skills by year, thesis type, and field of education?”

18
16
14
12

10

Frequency

Figure 3. Distribution of theses according to “Publication Year”

When Figure 3 is examined, the highest number of studies were conducted in 2019 (16), while the
fewest were conducted in 2007, 2008, and 2013 (1 each).
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Figure 4. Distribution of theses according to “Publication Type”

When Figure 4 is examined, 49 were master dissertations and 25 were doctoral dissertations.

Fields of Education

Social Studies Education

Physics Education

Educational Measurement and Evaluation
Child Development and Education
Primary School Teaching Education
Educational Programs and Instruction
Math Education

N
o
N
w

30

o
(O3]
[any
o

15
Frequency

Figure 5. Distribution of theses according to “Fields of Education”

When Figure 5 is examined, within the doctoral dissertations, the highest number were in the field of
mathematics education (10), followed by science education (5), educational programs and instruction and
primary school teaching education (3 each), preschool education (2), and physics education and social
studies education (1 each). The highest number were conducted in mathematics education (28), while the
fewest were conducted in biology education, educational measurement and evaluation, educational
program development, physics education, special education, social studies education, and Turkish
education (1 each).

3.2. Findings for Research Question “What is the distribution of national postgraduate theses related to
scientific reasoning skills by research design/method model, type of experimental research, sample type,
sample size, data collection method/tool and data analysis technique?”
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Figure 6. Distribution of theses according to themes "Research Method"

When Figure 6 is examined, the most frequently used method was the experimental method (27), while
the least used was the document review and exploratory mixed method (2). Additionally, within the mixed
research design/method, the mixed research method was the most utilized (7). The quasi-experimental
design was the most used (21), while the true experimental design was the least used (1).
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Figure 7. Distribution of theses according to themes "Sample Type"
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When Figure 7 is examined, the most frequent sample type was middle school students (37), while the
least frequent sample types were parents (1) and documents (1). The discrepancy between the number of
studies reviewed and the total frequency arises from the fact that five studies were coded for both
elementary and middle school, and another five studies used more than one sample type.
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Figure 8. Distribution of theses according to themes "Sample Size"

When Figure 8 is examined, the most frequent sample size was in the range of 0-25 individuals (26),
while the least frequent sample sizes were in the ranges of 201-225, 276-300, 351-375, 451-475, 576-600,
and 776-800 individuals (1 each).
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Figure 9. Distribution of theses according to themes "Data Collection Methods/Tools"

When Figure 9 is examined, the most frequent data collection method/tool was tests (46), while the
least frequent was surveys (4).
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Figure 10. Distribution of theses according to themes "Data Analysis"

When Figure 10 is examined, forty-nine different codes were created under the "Data Analysis" theme.
Among the 74 studies reviewed, the most frequently used data analysis method was validity (64). Given
the necessity for studies to be valid and reliable, 10 of the reviewed studies did not include validity and
reliability data analysis techniques. Following validity and reliability codes, the most frequent data analysis
techniques were descriptive statistics (38) and normality tests (28).

3.3. Findings for Research Question “What is the distribution of national postgraduate theses related to
scientific reasoning skills by learning method and scientific reasoning skills included in the research?”
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Figure 11. Distribution of theses according to “learning method” theme
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When Figure 11 is examined, the most frequently used learning methods were argumentation-based
learning (5), IMPROVE (3), POE (3), educational games (2), problem-based learning (2), and intelligence
games (2). Twenty-three other learning methods were each used in only one study.
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Figure 12. Distribution of theses according to “Scientific Reasoning Skills Included in the Study” theme

When Figure 12 is examined, the most frequently utilized mathematical reasoning skill was
mathematical reasoning itself, appearing in 22 studies, while each of the remaining 35 sub-codes was
employed once. The most used skills from Lawson's framework were control of variables (identifying,
defining, and controlling variables), probabilistic reasoning, and proportional reasoning, each appearing in
14 studies. In contrast, combinatory reasoning, relational reasoning, and theoretical-deductive reasoning
were each employed in only one study. Under the category of Han's scientific reasoning skills, three sub-
codes were identified. It was found that Han's scientific reasoning skills were used in conjunction with
Lawson's scientific reasoning skills in one study. Under the category of Ates's scientific reasoning skills,
four sub-codes were identified and utilized in one study. Lohman and Hagen's scientific reasoning skills
category comprises three sub-codes, observed in a total of two studies. Complexity, perspective, inquiry,
and skepticism were each employed in one study. Verbal reasoning was the most frequently used skill,
appearing in two studies, while verbal analogical reasoning and visual analogical reasoning were each
utilized once. Under the category of other reasoning skills, three different sub-codes were created (Figure
3).

3.4. Findings for Research Question “What is the distribution of national postgraduate theses related to
scientific reasoning skills by results, discussions, and recommendations?”

Table 1. Distribution of theses according to “Results” theme

Code Sub-code Frequency
Students Scientific reasoning skills have developed. 41

Prominent scientific reasoning skills have been identified in students. 15

Scientific reasoning skills are at a low level (insufficient).

Students utilize scientific reasoning skills to varying degrees.

Students encounter challenges in their scientific reasoning processes.

Scientific reasoning skills have not developed.

Scientific reasoning skills are not at the desired level of success.

Gender differences in scientific reasoning skills levels have been observed.

Similarities in scientific reasoning skills levels by gender have been observed.

Scientific reasoning skills were found to be at a moderate level.

Students' scientific reasoning skills levels differ by grade.

Students make observations regarding scientific reasoning skills.

Students' scientific reasoning skills levels are similar across grades.

Other 1
Skills and Positive relationships were observed between scientific reasoning skills.
Strategies There is a relationship between metacognitive learning strategies and scientific

reasoning skills.

There is a relationship between mathematical self-efficacy resources and 2

reasoning skills.

Other 3
Learning Designed activities and learning environments need to be suitable for the 7
Environment formation and development of scientific reasoning skills.

STEM activities have been observed to create a suitable instructional environment 1

for reasoning skills.
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Teachersand Alongside conceptual knowledge and strategic information, epistemological 2
Prospective knowledge also influences prospective teachers’ reasoning actions interactively.
Teachers
Prospective teachers’ scientific reasoning skills levels differ by department. 2
Various deficiencies and shortcomings (such as material and time inadequacies, 1
internet, pandemic) experienced by prospective teachers in activity processes have
an impact on results.

There is a relationship between teachers' beliefs about questioning and erotetic 1
reasoning.
Documents A valid and reliable test has been developed in sub-dimensions of scientific 1
and reasoning types.
Data Textbooks do not sufficiently consider the development of proportional thinking. 1
Collection The scale successfully distinguishes students in terms of mathematical reasoning 1
Tools skills.
Total 148

Table 1 presents an analysis of 74 studies focused on the theme of results and discussion, identifying 5
different codes and 44 sub-codes. The data are categorized into codes related to "students," "skills and
strategies," "learning environment," "teachers and prospective teachers,” and "documents and data
collection tools." Upon examination, the highest number of results and discussions are directed towards
students (122), followed by skills and strategies (9), learning environment (8), teachers and prospective
teachers (6), and documents and data collection tools (3). The most frequently discussed result relates to
the development of scientific reasoning skills (41).

Table 2. Distribution of theses according to “Recommendations” theme

Code Sub-code Frequency
Researchers Preparation of practices to enhance scientific reasoning skills is 41
recommended.
Establishment of relationships between scientific reasoning skills and 28
other variables is recommended.
Designing studies with different research methods is recommended. 9
Conducting studies targeting students with different characteristics/grade 8
levels is recommended.
Conducting studies targeting teachers and prospective teachers is 7
recommended.
Examination of different scientific reasoning skills is recommended. 5
Designing long-term studies is recommended. 5
Designing research that forms a theoretical basis for scientific reasoning 4
skills is recommended.
Other 2
Program Emphasizing the processes and development of scientific reasoning skills 12
Development in educational programs is recommended.
Integrating mandatory/elective/applied courses into teacher training 6
programs to develop scientific reasoning skills
and pedagogical approaches is recommended.
Preparing successful reasoning education programs/activities in formal 3
and informal education is recommended.
It is recommended to conduct applied courses and to integrate these 1
courses into all levels starting from elementary school.
Teachers and Providing information and education on scientific reasoning skills is 10
Academicians recommended.
Others 3
Course Materials It is recommended that course materials, including teaching tools and 9
books, be developed with consideration given to enhancing students'
scientific reasoning skills.
Measurement and It is recommended to develop/use new assessment tools for 3
Evaluation evaluating scientific reasoning skills.
Others 2
Parents Providing information and education on scientific reasoning skills is 2

recommended.
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Students Introducing different skills to develop scientific reasoning skills is 1
recommended.

No No recommendation was made for scientific reasoning skills. 10

Recommendation

Total 171

When examining Table 2, it is noted that there are 8 different codes and 23 different sub-codes related
to the theme of recommendations across 74 studies. The data is categorized into codes targeting
"researchers," "program development," "teachers/academicians,” "course materials,” "measurement and
evaluation," "parents,” and "students." Upon review, the majority of recommendations are directed
towards researchers (109 mentions), followed by program development (22), teachers/academicians (13),
course materials (9), measurement and evaluation (5), parents (2), and students (1). Additionally, it is
highlighted that scientific reasoning skills were not the subject of recommendations in 10 of the studies.
The most prevalent recommendation is to prepare practices aimed at enhancing scientific reasoning skills
(41 mentions).

4., Discussion and Conclusions

4.1. Discussion and Conclusions for Research Question “What is the distribution of national postgraduate
theses related to scientific reasoning skills by year, thesis type, and field of education?”

The analysis of the distribution of theses by year reveals that the first thesis was conducted in 2007,
with the highest number of theses written in 2019. Ergiin et al. also noted in their study of theses on
scientific reasoning that the first thesis was written in 2007, with the number of theses peaking in 2019. It
was observed that the number of national postgraduate theses on scientific reasoning skills generally
increased after 2018, reaching its peak in 2019. This increase could be linked to the changes introduced in
the science curriculum in Tiirkiye in 2018, which incorporated new themes and skills (MoNE, 2018). Deveci
(2018) emphasized in their study that the 2018 science curriculum emphasized scientific reasoning skills,
enabling students to apply these skills to generate alternative solutions to everyday problems, make
informed inferences, select the optimal solutions, and translate them into practical outcomes. When
examining the distribution of national postgraduate theses on scientific reasoning skills by thesis type, it
was observed that 49 studies were at the master's level and 25 studies were at the doctoral level (refer to
Table 2). The lower number of doctoral studies can be attributed to factors such as the more rigorous
demands of doctoral education in terms of both financial investment and personal commitment compared
to master's education. Additionally, it is noted that the number of master's theses generally exceeds that of
doctoral theses in the CoHE National Thesis Center (Council of Higher Education [CoHE] Thesis Center,
2024). Among the 25 doctoral-level studies identified in the study, it was found that they span across 7
different educational fields, with mathematics education having the highest number of studies (10),
followed by science education with 5 studies.

Upon examining the distribution of theses across different fields of education, it is evident that the
highest number of studies are concentrated in mathematics education, followed by science education.
Interestingly, there is only one national graduate thesis each in the fields of biology education,
measurement and evaluation in education, curriculum development in education, physics education,
special education, social studies education, and Turkish language education (Aslan Siirek, 2023; Bagcy,
2015; Buyiikbayraktar Ersoy, 2015; Danisman, 2011; Kilicarslan, 2019; Tiizilingiig, 2019; Yiiceer, 2020). A
notable finding is the greater number of studies in preschool education compared to the subfields of
physics, chemistry, and biology education, which are branches of natural sciences. This observation is
surprising given the perceived relevance of natural sciences subfields to the development of scientific
reasoning skills through their connections with acquisition, application, and mathematics domains.
However, the findings do not align with this expectation. The prominence of studies in mathematics
education can be attributed to its explicit and direct integration of scientific reasoning skills within its
curriculum objectives (MoNE, 2018), aligning closely with the goals of mathematics education. Similarly,
the relatively higher number of studies in science education can be explained by the ample opportunities
these subjects afford for the application of scientific reasoning skills. Uyanik (2023) also supports this view,
noting that science subjects provide favorable conditions for the cultivation of scientific reasoning skills.
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4.2. Discussion and Conclusions for Research Question “What is the distribution of national postgraduate
theses related to scientific reasoning skills by research design/method model, type of experimental
research, sample type, sample size, data collection method/tool and data analysis technique?”

Upon analyzing the distribution of theses by research design/method model, it is evident that the most
employed model is experimental, followed by survey, case study, mixed methods, and correlational models.
Notably, the case study method/model was utilized in only one national graduate thesis (Karli, 2019).
Erglin et al. (2023) have similarly observed a predominance of experimental and survey designs/methods
in studies investigating scientific reasoning skills, with case studies and mixed research methods also being
represented, corroborating these findings. Given that a significant number of studies are concentrated in
mathematics and science education, it follows that the experimental method is frequently chosen as the
research design/method model in these fields. Indeed, within studies conducted in mathematics and
science education, the predominant research design/method model is experimental (Karamustafaoglu &
Degirmenci, 2018; Karamustafaoglu et al., 2020; Ulutas & Ubuz, 2008). Further examination reveals that
among experimental studies, quasi-experimental research emerges as the most frequently employed type,
with true experimental research being utilized in only one instance (Akay, 2017). This finding is consistent
with the findings of Inam and Giiven (2019), Er and Biber (2020), and Karamustafaoglu et al. (2020). The
reason for this may be the difficulty of unbiased assignment in sample selection in educational research,
and generally, selection is made from existing classes to create experimental and control groups. Upon
reviewing the distribution of national postgraduate theses focusing on scientific reasoning skills according
to sample type, it is apparent that the majority of studies involve middle school students (refer to Table 3).
Interestingly, the use of parent and document samples was limited to one national graduate thesis each
(Giil, 2015; Memis, 2022). Erglin et al. (2023) also noted a prevalence of studies involving middle school
students when examining sample types in theses related to scientific reasoning skills, corroborating these
findings. Similarly, Késeoglu and Eroglu Dogan (2020), Dénmez and Giilen (2021), and Kiras and Bahar
(2021) have reported similar conclusions in their respective studies, highlighting middle school students
as the most commonly selected sample type. This preference can be attributed to several factors. Given that
experimental research is the predominant research design/method model (MoNE, 2018) in these studies,
middle school students are frequently chosen due to the relevance of their curricula and the focus on
developing scientific reasoning skills.

Upon examining the distribution of theses according to sample size, it has been observed that the highest
number of studies involved 0-25 participants, followed by the range of 51-75 participants. Yalcin et al.
(2015) have previously highlighted that studies conducted in Tiirkiye generally exhibit low sample sizes.
Ergilin et al. (2023), in contrast, found that the most frequent sample sizes in theses related to scientific
reasoning skills were between 31-100 participants. The predominance of sample sizes ranging from 0-75
can be attributed to the prevalent use of experimental and case study research methods. In experimental
research, sample sizes are influenced by factors such as the implementation of instructional methods, class
sizes, and the practical constraints faced by researchers. Similarly, the case study method, being qualitative
in nature (Biytlikoztirk et al.,, 2020; Cresswell, 2017; McMillan & Schumacher, 2010; Tanri6gen, 2021),
typically involves smaller sample sizes due to its focus on in-depth analysis of specific cases. Akaydin and
Cecen (2015) have also suggested that the reason behind the low sample sizes could be the widespread
adoption of experimental research methodologies in Turkish educational settings. When analyzing the
distribution of national postgraduate theses focused on scientific reasoning skills by data collection
methods/tools, it is evident that tests are the most frequently employed, with surveys being the least
utilized. Following tests, document analysis, interviews, observations, and scales were employed in
descending order. Many studies employed multiple data collection methods/tools, reflecting a trend
towards diversifying data sources and considering different perspectives. Ergiin et al. (2023) also noted
the preference for multiple collection methods and found that tests are commonly used in theses related to
scientific reasoning skills, alongside interviews, surveys/scales, and document analysis. This observation
aligns with the prevalent use of experimental and survey designs/methods in the examined national
graduate thesis studies, where the inclusion of test and scale data collection methods/tools is expected.
When analyzing the distribution of national postgraduate theses focused on scientific reasoning skills
according to data analysis techniques, it is evident that the most used technique is validity and reliability
analysis, followed by descriptive statistics and tests for normality. Many studies utilized multiple data
analysis techniques. Ergiin et al. (2023), however, found different trends in the data analysis techniques
used in theses related to scientific reasoning skills. According to their findings, content analysis is the most
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frequently employed technique, followed by descriptive analysis and t-tests. Interestingly, they noted a
notable absence of analysis for reliability and validity techniques. K6seoglu and Eroglu Dogan (2020) also
observed instances in their review of postgraduate theses where reliability and validity techniques were
not mentioned, highlighting variability in reporting across different studies. Considering the foundational
principles of research, it is crucial to emphasize that reliability and validity are integral aspects included in
the majority of examined national graduate theses. Sencan (2005) also emphasizes that reliability and
validity are important factors determining the quality of research, stating that reliability refers to the
degree to which measurement results are free from random errors, and validity refers to the degree to
which measurement results serve the intended purpose (Biiyiikoztiirk et al., 2020); in qualitative research,
reliability ensures the credibility of research results, while validity ensures unbiased presentation of
research results (Yildirim & Simsek, 2021).

4.3. Discussion and Conclusions for Research Question “What is the distribution of national postgraduate
theses related to scientific reasoning skills by learning method and scientific reasoning skills included in
the research?”

When examining the distribution of theses according to learning methods, it has been found that a total
of 29 different learning methods were utilized, with argumentation-based methods being the most
frequently employed. Argumentation is defined as engaging in reasoning activities by scientifically
addressing a debated topic (Inam & Giiven, 2019); evaluating alternative perspectives and solutions,
judging data to reach conclusions (Cinar, 2013); allowing students to formulate claims based on concrete
evidence during the reasoning process, and using scientific evidence to justify or refute these claims
(Demircioglu & Ucar, 2014). So, students engage in scientific reasoning during argumentation practices
(Demirel & Ozcan, 2021). Since argumentation-based learning methods consist of processes that enable
students to utilize their reasoning skills, this method may be preferred the most.

When analyzing the distribution of scientific reasoning skills included in theses, it was observed that
mathematical reasoning skills and Lawson's scientific reasoning skills were predominantly favored.
Following these, informal reasoning skills, Lohman and Hagen's scientific reasoning skills, and verbal
reasoning skills were also utilized. Specific skills such as "Han scientific reasoning skills," "Ates scientific
reasoning skills," " erotetic reasoning skills," and "reasoning skills" were each employed in only one
national graduate thesis (Giilmez Glingérmez, 2018; Kabaoglu, 2023; Yilmaz, 2017; Yiiceer, 2020). Among
these, Han, Ates, and erotetic reasoning skills were studied within the field of science education, while
reasoning skills were explored in social studies education. Considering the highest concentration of studies
in mathematics education, it is evident that skills encompassed by mathematical reasoning were the most
frequently applied. Indeed, Sevencan (2019) emphasized that problem-solving and reasoning skills are
extensively employed in mathematics education, focusing on cognitive dimensions, skills, and abilities. inci
(2023) highlighted that following mathematical proficiency categories indexed in ERIC, ESCI, and SSCI
fields, mathematical skills were prominently featured, with a strong emphasis on reasoning skills.
Examining the educational fields where Lawson's scientific reasoning skills were integrated, it was found
that out of 14 studies, 10 were in science education, 3 in chemistry education, and 1 in physics education.
These findings suggest that Lawson's scientific reasoning skills can be effectively applied within the context
of science education. Furthermore, Giilmez Giingérmez (2018) and Ozdeniz (2021) underscored its
significant integration into the curriculum and its pivotal role in enhancing science learning.

4.4. Discussion and Conclusions for Research Question “What is the distribution of national postgraduate
theses related to scientific reasoning skills by results, discussions, and recommendations?”

Regarding the conclusions and discussions of theses, it was found that the most frequently reached
conclusion and discussion centered on "the development of students’ scientific reasoning skills". This
emphasis on student development aligns with the patterns observed in sample selection and is an expected
outcome. Ergiin et al. (2023) summarized findings from the examined theses, indicating that activities,
learning models, or approaches aimed at enhancing reasoning skills had a positive impact on students'
abilities. Similarly, multiple studies have reported improvements in students' reasoning skills (Abdullah &
Shariff, 2008; Eskin, 2008; Houssart & Sams, 2006; Othman et al,, 2010; Ramirez & Monterola, 2022;
Remigo et al., 2014). Looking at other results and discussions aimed at students, it was found that there is
no significant difference between them, and a similar number of studies have been conducted. Another
prominent conclusion and discussion focused on "the necessity for designing activities and learning
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environments conducive to the formation and development of scientific reasoning skills". When
considering the majority of studies on the impact of specific learning methods or activities on scientific
reasoning skills are predominantly quantitative and experimental, it can be considered necessary to take
this into account in order to identify differences between experimental and control groups.

In examining the distribution of theses, the highest number of recommendations pertained to the theme
of "preparing practices aimed at enhancing scientific reasoning skills for researchers”. This supports the
findings and discussion outcomes. Ergiin et al. (2023) have corroborated these findings. Recommendations
were made in only one thesis for students and in two theses for parents (Coban, 2010; Er, 2012; [nal, 2010).
Considering that the majority of samples in the examined graduate thesis studies consisted of students, the
presence of only one recommendation specifically aimed at students represents a noteworthy discrepancy.
The recommendation aimed at parents is to provide "information and training on scientific reasoning
skills." It has been noted that studies making these recommendations focused on children in the preschool
education period.

e Due to the scarcity of theses addressing scientific reasoning skills, it is recommended to conduct
more detailed studies in this area.

e Given that the reviewed studies were predominantly conducted in the fields of mathematics and
science education, it is recommended to conduct new studies in different educational fields to
contribute fresh insights to literature.

e Given that tests were the most used data collection tool to assess scientific reasoning skills, it is
recommended that future studies develop new and refined data collection tools aimed specifically at
measuring these skills.

e [t is recommended to conduct studies focusing on scientific reasoning skills as included in
international exams (PISA and TIMSS) and national exams (LGS, YKS, KPSS) to align educational
practices with global standards and national assessments.
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