The Journal of Limitless Education and Research

Mart 2019 March 2019
Cilt 4, Say 1 Volume 4, Issue 1



Sinirsiz Egitim ve Arastirma Dergisi
Mart 2019, Cilt 4, Say1 1
The Journal of Limitless Education and Research
March 2019, Volume 4, Issue1

Sahibi B
Prof. Dr. Firdevs GUNES

Editor
Dog. Dr. Ayse Derya ISIK

Editor Kurulu

Prof. Dr. Fatma SUSAR KIRMIZ|
Dog. Dr. Burcin GOKKURT
Doc. Dr. Giilden TUM

Doc. Dr. Ozlem BAS

Dog. Dr. Tanju DEVECI

Doc. Dr. Bilge BAGCI AYRANCI
Dr. Aysun Niiket ELCI

Dr. Ayse ELIUSUK BULBUL

Dr. Aysegil TURAL

Dr. Burcu CABUK

Dr. Cagin KAMISCIOGLU

Dr. Giilsiin SAHAN

Dr. Menekse ESKICI

Dr. Oguzhan KURU

Dr. Serpil OZDEMIR

Dr. Stileyman Erkam SULAK
Dr. Yasemin BUYUKSAHIN

Dil Uzman

Doc. Dr. Bilge BAGCI AYRANCI
Dr. Arzu CEVIK

Dr. ibrahim Halil YURDAKAL
Dr. Serpil OZDEMIR

Yabanci Dil Sorumlusu
Doc. Dr. Giilden TUM
Doc. Dr. Tanju DEVECI
Dr. ihsan Cagatay ULUS
Dr. Cagin KAMISCIOGLU

lletisim

Simirsiz Egitim ve Arastirma Dernegi

06590ANKARA - TURKIYE
e-posta: editor@sead.com.tr
sead@sead.com.tr

Simirsiz Egitim ve Arastirma Dergisi (SEAD), yilda {i¢
kez yayimlanan uluslararasi hakemli bir dergidir.
Yazilarin sorumlulugu, yazarlarina aittir.

f- ocLc
\L.:\ WorldCat’

Resoure
R FiSZ“!"":"’wF\t OpenAIRE

ouma]

fsos
¢

Owner
Prof. Dr. Firdevs GUNES

Editor in Chief
Assoc. Prof. Dr. Ayse Derya ISIK

Editorial Board

Prof. Dr. Fatma SUSAR KIRMIZI
Assoc. Prof. Dr. Burcin GOKKURT
Assoc. Prof. Dr. Giilden TUM
Assoc. Prof. Dr. Ozlem BAS
Assoc. Prof. Dr. Tanju DEVECI
Assoc. Prof. Dr. Bilge BAGCI AYRANCI
Dr. Aysun Niiket ELCI

Dr. Ayse ELIUSUK BULBUL

Dr. Aysegil TURAL

Dr. Burcu CABUK

Dr. Cagin KAMISCIOGLU

Dr. Gulsiin SAHAN

Dr. Menekse ESKICi

Dr. Oguzhan KURU

Dr. Serpil OZDEMIR

Dr. Suleyman Erkam SULAK

Dr. Yasemin BUYUKSAHIN

_ Philologist
Assoc. Prof. Dr. Bilge BAGCI AYRANCI

) Dr. Arzu CEVIK
Dr. Ibrahim Halil YURDAKAL
Dr. Serpil OZDEMIR

Foreign Language Specialist
Assoc. Prof. Dr. Giilden TUM

Assoc. Prof. Dr. Tanju DEVECI
Dr. ihsan Cagatay ULUS

Dr. Cagin KAMISCIOGLU

Contact

Limitless Education and Research Association

06590 ANKARA - TURKEY
e-mail: editor@sead.com.tr
sead@sead.com.tr

Journal of Limitless Education and Research(J-LERA) is an
international refereed journal published three times a year.

The responsibility lies with the authors of papers.

iNDEKSLER

o A

E‘E]Z

JOURNALSDIRECTORY

Kapak: Doc. Dr. Ayse Derya Isll'(m

: .. CiteFactor i




Sinirsiz Egitim ve Arastirma Dergisi, Cilt 4, Say1 1

The Journal of Limitless Education and Research, Volume 4, Issue1

Prof.
Prof.
Prof.
Prof.
Prof.
Prof.
Prof.
Prof.
Prof.
Prof.
Prof.
Prof.
Prof.
Prof.
Prof.
Prof.
Prof.
Prof.
Prof.
Prof.
Prof.
Prof.
Prof.
Prof.
Prof.
Prof.
Prof.
Prof.
Prof.
Prof.
Prof.

Yayin Danisma Kurulu (Editorial Advisory Board)

Dr. Ahmet ATAC, Celal Bayar Universitesi, Tiirkiye

Dr. Ahmet GUNSEN, Trakya Universitesi, Tiirkiye

Dr. Ahmet KIRKILIC, Agr1 Cecen Universitesi, Tiirkiye

Dr. Ali MEYDAN, Nevsehir Universitesi, Tirkiye

Dr. Ali Murat GULER, Orta Dogu Teknik Universitesi, Tiirkiye
Dr. Ali Ulvi YILMAZER, Ankara Universitesi, Tiirkiye

Dr. Asuman Seda SARACALOGLU, Adnan Menderes Universitesi, Turkiye
Dr. Ayfer KOCABAS, Dokuz Eyliil Universitesi, Tirkiye

Dr. Efe AKBULUT, Pamukkale Universitesi, Tiirkiye

Dr. Emine KOLAC, Anadolu Universitesi, Tiirkiye

Dr. Erika H. GILSON, Princeton University, USA

Dr. Erkut KONTER, Dokuz Eyliil Universitesi, Tiirkiye

Dr. Ersin KIVRAK, Afyon Kocatepe Universitesi, Tiirkiye

Dr. Esra BUKOVA GUZEL, Dokuz Eylil Universitesi, Turkiye
Dr. Fatma SUSAR KIRMIZI, Pamukkale Universitesi, Tirkiye
Dr. Firdevs GUNES, Ankara Universitesi, Tirkiye

Dr. Fredricka L. STOLLER, Northern Arizona University, USA

Dr. Hiseyin KIRAN, Pamukkale Universitesi, Tiirkiye

Dr. Jack C. RICHARDS, University of Sidney, Avustralia

Dr. Liudmila LESCHEVA, Minsk State Linguistics University, Belarus
Dr. Mehmet Ali AKINCI, Rouen Normandy University, France
Dr. Mustafa Murat INCEOGLU, Ege Universitesi, Tirkiye

Dr. Mustafa Sami TOPCU, Yildiz Teknik Universitesi, Tirkiye

Dr. Nurettin SAHIN, Mugla Sitki Kocman Universitesi, Tiirkiye
Dr. Perihan YALCIN, Gazi Universitesi, Tirkiye

Dr. Selma YEL, Gazi Universitesi, Tirkiye

Dr. Serap BUYURGAN, Baskent Universitesi, Tirkiye

Dr. Songiil ALTINISIK, TODAIE, Tiirkiye

Dr. Todd Alan PRICE, University National-Louis, USA

Dr. Thomas R. GILLPATRICK, Portland State University, USA
Dr. William GRABE, Northern Arizona University, USA




Prof. Dr. Turan PAKER, Pamukkale Universitesi, Tiirkiye

Assoc.
Assoc.
Assoc.
Assoc.
Assoc.
Assoc.
Assoc.
Assoc.
Assoc.
Assoc.
Assoc.
Assoc.

Doc.
Doc.
Doc.
Doc.
Doc.
Doc.
Doc.
Doc.
Doc.
Doc.
Doc.
Doc.
Doc.
Doc.

Prof. Dr. Carol GRIFFITHS, University of Leeds, UK

Prof. Dr. Elza SEMEDOVA, Khazar Universty, Azerbaijan

Prof. Dr. Galina MISKINIENE, Vilnius University, Lithuania

Prof. Dr. Jodene GOLDENRING FINE, Michigan StateUniversity, USA

Prof. Dr. Konul HACIYEVA, Azerbaijan National Academy of Sciences, Azerbaijan
Prof. Dr. Salah TROUDI, University of Exeter, UK

Prof. Dr. Sevinc QASIMOVA, Bakii State University, Azerbaijan

Prof. Dr. Spartak KARDIU, Tiran University, Albania

Prof. Dr. Suzan CANHASI, University of Prishtina, Kosovo

Prof. Dr. Saziye YAMAN, American University of the Middle East (AUM),Kuwait
Prof. Dr. Tanju DEVECI, Khalifa University of Science and Technology, UAE
Prof. Dr. Xhemile ABDIU, Tiran University, Albania

Dr. Abdullah SAHIN, Canakkale Onsekiz Mart Universitesi, Tiirkiye
Dr. Ayse Derya ISIK, Bartin Universitesi, Tirkiye

Dr. Berna Cantiirk GUNHAN, Dokuz Eyliil Universitesi, Tiirkiye

Dr. Bilge BAGCI AYRANCI, Adnan Menderes Universitesi, Tiirkiye
Dr. Burcin GOKKURT OZDEMIR, Bartin Universitesi, Tirkiye

Dr. Demet GIRGIN, Balikesir Universitesi, Tiirkiye

Dr. Duygu UCGUN, Omer Halis Demir Universitesi, Tiirkiye

Dr. Emre UNAL, Omer Halis Demir Universitesi, Tirkiye

Dr. Esin Yagmur SAHIN, Canakkale Onsekiz Mart Universitesi, Tiirkiye
Dr. Feryal BEYKAL ORHUN, Pamukkale Universitesi, Tiirkiye

Dr. Fulya UNAL TOPCUOGLU, Dumlupinar Universitesi, Tiirkiye
Dr. Gizem SAYGILI, Karaman Universitesi, Tiirkiye

Dr. Giilden TUM, Cukurova Universitesi, Tirkiye

Dr. Giiliz AYDIN, Mugla Sitki Kocman Universitesi, Tiirkiye

Doc. Dr. Hakan USAKLI, Sinop Universitesi, Turkiye

Doc. Dr. Huseyin ANILAN, Eskisehir Osmangazi Universitesi, Turkiye
Doc. Dr. ibrahim COSKUN, Trakya Universitesi, Tirkiye

Doc. Dr. Kamil iSERI, Dokuz Eyliil Universitesi, Tiirkiye

Doc. Dr. Melek SAHAN, Ege Universitesi, Tirkiye

Doc. Dr. Meltem DEMIRCi KATRANCI, Gazi Universitesi, Tirkiye
Doc. Dr. Nazan KARAPINAR, Pamukkale Universitesi, Tirkiye

Doc. Dr. Nevin AKKAYA, Dokuz Eyliil Universitesi, Turkiye

Doc. Dr. Nil DUBAN, Afyon Kocatepe Universitesi, Tiirkiye

Doc. Dr. Orhan KUMRAL, Pamukkale Universitesi, Tiirkiye

Doc. Dr. Ozlem BAS, Hacettepe Universitesi, Tiirkiye

Doc. Dr. Pinar GIRMEN, Eskisehir Osmangazi Universitesi, Turkiye
Doc. Dr. Ruhan KARADAG, Adiyaman Universitesi, Tiirkiye




Doc.
Doc.
Doc.
Doc.
Doc.
Doc.
Doc.

Dr.
Dr.
Dr.
Dr.
Dr.
Dr.
Dr.

Sabri SIDEKLI, Mugla Sitki Kocman Universitesi, Turkiye
Sevgi OZGUNGOR, Pamukkale Universitesi, Tiirkiye

Sibel KAYA, Kocaeli Universitesi, Tiirkiye

Ufuk YAGCI, Pamukkale Universitesi, Tiirkiye

Vesile ALKAN, Pamukkale Universitesi, Tiirkiye

Yalcin BAY, Anadolu Universitesi, Tiirkiye

Zafer TANGULU, Mugla Sitki Kocman Universitesi, Tiirkiye

Dr. Feride HATIBOGLU, U-Penn University, USA
Dr. Nader AYiSH, Khalifa University of Science and Technology, UAE
Dr. Nurcan KOSE, American University of the Middle East (AUM), Kuwait




Sinirsiz Egitim ve Arastirma Dergisi, Cilt 4, Say1 1

The Journal of Limitless Education and Research, Volume 4, Issue1

Hakem Kurulu (Review Board)
Prof. Dr. Firdevs GUNES, Ankara Universitesi
Doc. Dr. Bilge BAGCI AYRANCI, Adnan Menderes Universitesi
Doc. Dr. Giilden TUM, Cukurova Universitesi
Doc. Dr. Giiliz AYDIN, Mugla Sitki Kocman Universitesi
Doc. Dr. Nevin AKKAYA, Dokuz Eyliil Universitesi
Doc. Dr. Sabri SIDEKLI, Mugla Sitki Kocman Universitesi
Dr. Ahmet Volkan YUZUAK, Bartin Universitesi
Dr. Aysun Niiket ELCi, Manisa Celal Bayar Universitesi
Dr. Beyza AKSU DUNYA, Bartin Universitesi
Dr. Hiilya HAMURCU, Dokuz Eyliil Universitesi
Dr. Sevilay ALKAN, Milli Egitim Bakanligi
Dr. Siileyman Erkam SULAK, Ordu Universitesi
Dr. Yasemin BUYUKSAHIN, Bartin Universitesi
Dr. Yurdagiil BOGAR, Hakkari Universitesi




Degerli Okuyucular,

Simirsiz Egitim ve Arastirma Dergisinin Mart 2019 sayisin1 sunmaktan mutluluk
duyuyoruz. Sinirsiz Egitim ve Arastirma Dernegi (SEAD) olarak 2016 yilindan bu yana
kesintisiz olarak yayinladigimiz Dergimizin amaci, egitim ve arastirma alanina bilimsel
katki saglamaktir. Bu amacla kuramsal ve uygulamali calismalar1 yayinlama, bilimsel
bilgileri ulusal ve uluslararasi duzeyde paylasma, yeni bilgiler uretilmesine ortam
hazirlama islemine oncelik verilmektedir.

Dergimizin Bilim Kurulu yurt ici ve yurt disinda gorevli akademisyenlerin katkilaryla
giderek glclenmektedir. Akademik kalitesinden odun vermeden yayin hayatina devam
eden Dergimizin hazirlanmasina emegi gecen biitiin editor, yazar ve hakemlere tesekkiir
ediyoruz.

Yilda U¢ sayr olarak yayinlanan Dergimiz cesitli ulusal ve uluslararas1 duzeydeki
indekslerde taranmaktadir. Bu sayida egitimle ilgili 5 bilimsel arastirmaya yer
verilmistir. Dergimiz, egitim ve arastirma alanina yonelik makalelerin yani sira disiplinler
aras1 akademik calismalarin yer aldigi seckin bir yayin olarak okuyucularla bulusmaya
devam edecektir.

Dergimizin egitim ve arastirma alanina katkilar getirmesini diliyoruz.
Saygilarimizla.

SINIRSIZ EGITIM VE ARASTIRMA DERNEGI
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Review of National and International Studies on Scientific
Argumentation in Education

Dr. Yurdagiil BOGAR, Hakkari Universitesi, yurdagul-bogar@hotmail.com

Abstract: A great many research was done by researchers in order to find out which educational
technique is more efficient and what environmental conditions and circumstances are needed for science
courses to be more effective and fruitful for students. As a result of such research, it has been observed
that teaching methods and techniques for science teaching were being revised in the social context in
recent years. In this context, argumentation in science teaching is a very significant method since it
broadens visions of students, enables them to understand the nature of science and configure and
develop the concepts of science. Therefore, the purpose of this study was to review national and
international studies on scientific argumentation in education. The results of the studies revealed that
scientific argumentation-based teaching could lead to positive outcomes for students in various topics
such as gaining high level thinking skills, improving conceptual understanding, understanding the nature
of science, developing positive attitude towards science, improving suitable proficiency for science
education, increasing academic achievement, and improving research skills on scientific epistemology.

Key words: Scientific argumentation, Review study, Education

Egitimde Bilimsel Argiimantasyon Uzerine Ulusal ve Uluslararasi
Galismalarin incelenmesi

Ozet: Fen derslerinin &grenciler icin daha verimli ve daha etkili olabilmesi icin hangi sartlarin
gerekli oldugu, cevre kosullarinin nasil olmasi gerektigi ya da hangi 6gretim ydntemlerinin etkili oldugu
konusunda arastirmacilar birgok c¢alismalar yapmislardir. Bu g¢alismalar sonucunda, fen egitiminde
kullanilan 6gretim yontem ve tekniklerinin son yillarda sosyal baglam agisindan tekrar gézden gegcirilmeye
baslandigi gorilmustir. Bu baglamda fen egitiminde arglimantasyon; distinme ufuklarini genisletmesi,
saglam temeller Gzerine oturtmasi, 6grencilerin bilimin dogasini anlamalari, bilimle ilgili kavramlari
vapilandirmalari ve gelistirmeleri bakimindan oldukg¢a énemli bir yéntemdir. Bu nedenle, bu ¢alismanin
amacl, egitimde bilimsel argimantasyon Uzerine ulusal ve uluslararasi ¢alismalari gézden gecirmektir.
Yapilan ¢alismalarin sonuglari, bilimsel arglimantasyon temelli 6gretimin; 6grencilere yiksek dizeyde
diisinme becerilerini kazandirmak, kavramsal anlayisi gelistirmek, bilimin dogasini anlamak, bilime karsi
olumlu tutum gelistirmek, fen egitimine uygun vyeterliligi gelistirmek, akademik basariyi artirmak,
arastirma becerilerini gelistirmek ve bilimsel epistemoloji gelistirmek gibi cesitli konularda olumlu
sonuglara yol agabilecegini gbstermistir.

Anahtar Sozciikler: Bilimsel arglimantasyon, inceleme ¢alismasi, Egitim.

Kiinyesi: Bogar, Y. (2019). Review of National and International Studies on Scientific Argumentation in Education.
Sinirsiz Egitim ve Arastirma Dergisi, 4 (1), 90-120. DOI: 10.29250/sead.494930

Bu makale intihal.net sistemi tarafindan taranmis ve orijinal bir makale oldugu tespit edilmistir.
Yazar Orcid No: 0000-0002-1791-3047
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1. Introduction

The rapid changes and developments in the science and technology fields in the recent
years have affected the targets of the contemporary science education as much as their
affections in every aspect of our lives. In this context, the basic role of contemporary science
education is to prepare students for such a rapidly changing world, to enable them to
understand what is going on in the world, to train life-long learning students, and to support
them to think like a scientist (Ministry of National Education [MEB], 2013; National Research
Council [NRC], 2013). In order to reach this target, it is considered that especially argumentation
approach, which enables the students to think like a scientist and which has gained considerable
significance in recent years, has an important impact (Driver, Newton & Osborne, 2000; Ogreten,

2014).

Argumentation term was coined by Toulmin in 1958 for the first time. To Toulmin (1958),
argumentation is the justification process of the claims under the light of data. Apart from this
definition, different descriptions related to argumentation have been made by various
researchers. For example, argumentation is described as a holistic process including the
perception of a subject or a phenomenon, problem solving, sense-making from scientific
processes, decision on a subject, and suggestion, support, critics, problematization and
evaluation of opinions with different or similar perspectives by individuals (Kuhn, 1992), and as
a basic epistemic application of science (Bricker and Bell, 2008). Also, argumentation within a
wide scope concept, is handled in various forms such as scientific argumentation, socio-scientific
argumentation, argument-driven inquiry. Because studies on scientific argumentation are the
focus to be investigated in this study, it is necessary to define scientific argumentation, as well.
Clark, D’Angelo, and Menekse (2009) have described scientific argumentation as the learning
process in the science field or in different fields in which students participate to develop a
convincing argument by making an evaluation with the processes and criteria in science and to
structure valid arguments via the relationships between justification, proofs, and theoretical
opinions. The aim of the present study is also to review the national and international studies

on scientific argumentation in education.
2. Method

In this study, scientific articles and theses written in national and international context
related to scientific argumentation have been reviewed. Thus, this study is a thematic content

analysis (meta-synthesis) study. Thematic content analysis is defined as a systematic

Sinmirsiz Egitim ve Arastirma Dergisi, 4 (1), 90 - 120
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comparison, which is used to describe the results of studies on a subject, or the theories,
generalizations and interpretations created by the comparison and combination of the findings
of these studies (Noblit & Hare, 1988). According to this, thematic content analysis (meta-
synthesis) is not an ordinary review of the studies in the field but a methodological approach
which depends on the interpretative analysis of the present research findings and from which
new information is developed (Aspfors & Fransson, 2015). In the coding process of the accessed
studies to fulfil the validation and reliability criteria of the study, an Excel table was employed.
The data obtained were described in detail in this way and expert opinion was consulted. Firstly,
ten (10) of the downloaded studies chosen randomly were coded by the researcher; then the
coding that was performed, assistance was taken from an expert who had qualitative studies on
argumentation and it was tried to maintain consistency between independent encoders. When
inconsistencies occurred in the studies, they were reviewed and continued until a full consensus
was reached. The other encoder was an associate professor with PhD degree in the field of
science education and studying argumentation subject in her thesis by using qualitative research
method currently working at a state university in istanbul. In other words, some of the studies
which were coded by another researcher and reliability formula suggested by Miles and
Huberman (1994) was used by reliability calculation and the agreement percentage between
the two coders was calculated to be 92%. This percentage is accepted to reveal that the coding

was reliable.
2.1. Data Collection Process and The Criteria for Including Them in The Research

Data in this research was collected by document review method. The reason for
choosing this method is in close relation with the purpose of the study because document review
is described as the examination of the written materials to reach data related to the
phenomenon or phenomena which are targeted for research (Cepni, 2010). Because the subject
of the present study is the review of written materials (articles and theses) related to scientific
argumentation, it is exactly a document review study. In this study, first, scanning in the
international education journals in the Web of Science and ERIC databases by writing keywords
such as “scientific argumentation”, “scientific argumentation in education” and “scientific
argumentation in science education” in the detailed search tabs. The articles with
argumentation concept were accessed in this way. Secondly, scanning was done in the YOK
Thesis Center and ULAKBIM Dergi Park databases to reach national theses and articles by writing
the same keywords and these studies were accessed. Finally, the studies reached by the two

scanning processes discussed above were gathered together. After this process, to determine

Sinmirsiz Egitim ve Arastirma Dergisi, 4 (1), 90 - 120
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the studies to be reviewed, some selection criteria in accordance with the aim of the study were

determined by the researcher. There were five (5) criteria as follows:

¢ The studies (theses or articles) reviewed had to be conducted between 1990 and 2016

*The samples in the studies (thesis or article) reviewed had to be students. In other
words, those scientific argumentation studies conducted with teachers or other samples were

not included in the research.

¢ While the national studies reviewed were chosen among both theses and articles, only
articles were chosen among the international studies and the reason for this was the great

number of international studies related to this subject.

* Major studies conducted by various researchers in different years related to each code
were given as examples in the studies reviewed. For example, studies such as Balci, 2015; Ceylan,
2010; Cross et al., 2008; Ogreten, 2014; Polat, 2014; Tsai et al., 2015 were given as references

in the argumentation studies focusing on academic achievement.

¢ The studies reviewed had to be based on the data provided first-hand from the related
samples (studies except those conducted with compilation, content analysis, meta-analysis

methods).

The studies included in the research in accordance with the criteria specified above have
been evaluated in terms of the subjects they tackled such as academic achievement, learning,

discussion skills, epistemological beliefs and conceptual understanding.
3. National and International Studies on Scientific Argumentation

When the literature is examined, it can be seen that studies related to the usage of
scientific argumentation in science education have continued increasingly for the past 30 years
(e.g., Aydeniz et al., 2012; Berland & Reiser, 2011; Bricker & Bell, 2008; Ebenezer & Puvirajah,
2005; Erduran & Jimenez-Aleixandre, 2012; Erduran, Simon, & Osborne, 2004; Evagorou &
Osborne, 2013; Felton & Kuhn, 2001; Hogan, Nastasi, & Pressley, 1999; Jiménez-Aleixandre,
Rodriguez, & Duschl, 2000; Kelly & Takao, 2002; Knight & McNeill, 2012; Lewis & Leach, 2006;
McNeill & Krajcik, 2009; McNeill & Krajcik, 2011; Naylor, Keogh, & Downing, 2007; Ogan-
Bekiroglu & Eskin, 2012; Okumus, 2012; Osborne, Erduran, & Simon, 2004a; Park & Kim, 2012;
Pedretti & Nazir, 2011; Pimentel & McNeill, 2013; Riemeier, Fleischhauer, Rogge, &
Aufschnaiter, 2010; Sampson & Clark, 2008; Sekerci, 2013; Von Aufschnaiter, Erduran, Osborne,

& Simon, 2008). In a great majority of conducted studies, scientific argumentation method was
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taken as a teaching method used in science classes and its effects were analyzed on variables
such as academic achievement, learning, discussion skills, epistemological beliefs, the nature of
science, scientific thinking skills, conceptual understanding or students’ quality of argument and
argumentation was measured in an ordinary class environment (e.g., Acar, 2015; Bricker & Bell,
2008; Boran, 2014; Clark & Sampson, 2008; Cinar, 2013; Evagorou & Avraamidou, 2008;
Hanegan, Price, & Peterson, 2008; Jiménez-Aleixandre, Rodriguez, & Duschl, 2000; Polat, 2014;
Jonassen & Kim, 2010; Kenyon & Reiser, 2005; Konstantinido et al., 2012; Kuhn & Reiser, 2005;
Muratsu et al., 2015; Nussbaum & Sinatra, 2003; Ogreten, 2014; Watson et al., 2004). When
these studies’ samples and participants of the study are examined in general, it is possible to
find studies conducted within a broad scale, beginning from primary education to university
level. In this section, results and prominent ones of the scientific argumentation studies done
with students were tried to be explained. The contents of the studies reviewed in the scope of

this study (codes) and the identities of the studies reviewed are given in Table 1.

Table 1.

The contents of the studies reviewed in the scope of this study (codes) and the identities of the
studies reviewed

The contents of the studies
reviewed The identities of the studies reviewed
(CODES)

Acar, 2008; Clark & Sampson, 2008; Dawson & Venwville,
2010; Erduran et al., 2004; Jimenez-Aleixandre & Pereiro-
Munhoz, 2002; Kuhn & Reiser, 2005; Lopez & Gross, 2008;
Millar & Osborne, 1998; Osborne, Erduran, Simon, & Monk,
2001; Sandoval & Reiser, 2004; Sadler & Fowler, 2006;
Schwarz, Neuman, Gil, & llya, 2003; Tuimay & Koseoglu,
2011; Von Aufschnaiter et al., 2008; Zohar & Nemet, 2002.
Aymen-Peker, Apaydin, & Tas, 2012; Balci, 2015; Ceylan,
2010; Ceylan, 2012; Cross et al., 2008; Cinici et al., 2014;
Demirel, 2015; Dogru, 2016; Erdogan, 2010; Giiltepe, 2011,
Gumrah, 2013; Kaya, 2005; Keil, Haney, & Zoffel, 2009;
Knight & McNeill, 2012; Niaz, Augilera, Maza, & Liendo,
2002; Okumus, 2012; Ogreten, 2014; Ozer, 2009; Ozkara,
2011; Polat, 2014; Thoron & Myers, 2012; Tsai et al., 2015;
Tirkoguz & Cin, 2013; Uluay, 2012; Ustiinkaya & Savran
Gencer, 2012; Yal¢in-Celik, 2010; Yildiz & Unal, 2016; Zohar
& Nemet, 2002.

Acar, 2015; Aymen-Peker, Apaydin, & Tas, 2012; Ceylan,
2012; Chinn & Anderson, 1998; Cross, Taasoobshirazi,
Hendricks, & Hickey, 2008; Dawson & Venville, 2010; Driver
et al., 2000; Gultepe, 2011; Gimrah, 2013; Herrenkohl et al.,
1999; Jiménez-Aleixandre et al., 2000; Jimenez-Aleixandre
& Pereiro-Munhoz, 2002; Kaya, 2013; Koseoglu & Tiimay,

Scientific argumentation helps
students learn science better

The relationship between
scientific argumentation and
academic achievement

The relationship between
scientific argumentation and
conceptual understanding
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2007; Lawson, 2003; Leach, 1999; Niaz, Aguilera, Maza, &
Liendo, 2002; Okumus, 2012; Osborne, 2010; Osborne,
Erduran, & Simon, 2004a; Osborne, Erduran, & Simon,
2004b; Ozdem, Ertepinar, Cakiroglu, & Erduran, 2013;
Oztiirk, 2013; Sadler & Fowler, 2006; Simon & Johnson,
2008; Sekerci, 2013; Tiirkoguz & Cin, 2013; Uluginar-Sagir &
Kilic, 2013; Ustiinkaya & Savran Gencer, 2012; Von
Aufschnaiter, Erduran, Osborne, & Simon, 2008; Waldrip,
Prain, & Sellings, 2013; Yeh & She, 2010; Zohar & Nemet,
2002.

Aslan, 2010; Demirci, 2008; Dole & Sinatra, 1998; Eryilmaz,

The relationship between 2002; Golden, 2011; Koéseoglu, Timay, & Akben, 2007; Niaz

scientific argumentation and et al., 2002; Nussbaum & Sinatra, 2003; Ozer, 2009; Tekeli,

conceptual change 2009; Thorley & Treagust, 1987; Timay & Koseoglu, 2011;
Uluginar-Sagir, 2008; Yesiloglu, 2007.

The relationship between Aslan, 2010; Cinar, 2013; Demir, 2014; Duschl & Osborne,
scientific argumentation and  2002; Ebenezer & Puvirajah, 2005; Gimrah, 2013; Tan &
students’ science process skills  Temiz, 2003.

Altun, 2010; Balci, 2015; Ceylan, 2012; Cakir, 2011; Erdogan,
2010; Gogolin & Swartz, 1992; Kiiciik, 2012; Ozkara, 2011;
Tekeli, 2009; Uluginar-Sagir, 2008; Waldrip, Prain, &
Sellings, 2013; Yalgin-Celik, 2010; Yesiloglu, 2007; Yildiz &
Unal, 2016.

The relationship between
scientific argumentation and
attitude towards science

Acar, 2015; Acar & Patton, 2012; Cinar, 2013; Dawson &
Venville, 2010; Demir, 2014; Deveci, 2009; Dogru, 2016;
Driver, Newton, & Osborne, 2000; Duschl, Ellenbogen, &
Erduran, 1999; Duschl & Osborne, 2002; Erduran et al.,
2004; Erduran, Ardac, & Yakmaci-Guzel, 2006; Eskin, 2008;
Fischer et al.,, 2014; Glassner & Schwarz, 2007; Glltepe,

The relationship between 2011; lordanou, 2010; Jimenez-Aleixandre, Bullgallo-
scientific argumentation and  Rodriguez, & Duschl, 1997; Joiner & Jones, 2003; Kelly et al.,
various thinking skills 1998; Kuhn et al., 1997; Kuhn & Udell, 2003; Lawson, 2003;

Munford, 2002; Nussbaum & Sinatra, 2003; Osborne et al.,
2004a; Ogreten, 2014; Richmond & Striley, 1996; Sampson,
Grooms, & Walker, 2011; Saragoglu et al., 2011; Schweizer,
2002; Teichert & Stacy, 2002; Tekeli, 2009; Tonus, 2012;
Trend, 2009; Timay & Koéseoglu, 2011; Watson, Swain, &
McRobbie, 2004; Zohar, 1996; Zohar & Nemet, 2002.

Altun, 2010; Balci, 2015; Bell & Linn, 2000; Boran, 2014;
Ceylan, 2012; Cetin, Erduran, & Kaya, 2010; Gimrah, 2013;
Kaya, 2005; Kenyon & Reiser, 2006; McDonald, 2010;
McDonald & McRobbie, 2012; Nussbaum & Bendixen, 2003;
Sampson & Clark, 2006; Sandoval & Millwood, 2008; Simon,
Richardson, Howell-Richardson, Christodoulou, & Osborne,
2009; Sekerci, 2013; Tekeli, 2009; Timay & Koseoglu, 2011;
Uluginar-Sagir & Kilig, 2013; Von Aufschnaiter et al., 2008;
Yerrick, 2000; Yesiloglu, 2007.

The relationship between
scientific argumentation and
students’ understanding of the
nature of science

The relationship between Boran, 2014; Dogru & Kiyici, 2005; Driver et al., 2000;
scientific argumentation and  Erduran, 2008; Evagorou & Osborne, 2009; Kuhn, 1992;
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students’ epistemological Kuhn & Reiser, 2005; Nussbaum, Sinatra, & Pokiquin, 2008;
beliefs Osborne et al., 2004b; Ryu & Sandoval, 2012; Sampson &
Clark, 2006.
Berland, 2008; Chin & Osborne, 2008; Cetin, Kutluca, &
Kaya, 2013; Ciftci, 2016; Cinici et al., 2014; Deveci, 2009;
Erduran et al., 2004; Eskin, 2008; Glassner, Weinstock, &
Neuman, 2005; Glltepe, 2011; lordanou, 2010; Katchevich,
Hofstein, & Mamlok-Naaman, 2013; Kaya, 2013; Kim &
Song, 2006; Kind, Wilson, Hofstein, & Kind, 2010; Kuhn,
1991; Ogreten, 2014; Perkins et al., 1991; Puvirajah, 2007;
Walker et al.,, 2012; Wellom & Anderson, 1999; Yerrick,
2000; Zohar & Nemet, 2002.

The relationship between
scientific argumentation and
students’ argumentation
quality

Scientific argumentation is a process that maintains students accomplish new learnings.
For this reason, there are great number of studies proposing that in order to learn science
lessons better and correlate it with their own lives, facilitating scientific argumentation
environments is necessary (e.g., Acar, 2008; Clark & Sampson, 2008; Dawson & Venville, 2010;
Lopez & Gross, 2008; Sadler & Fowler, 2006; Timay & Kdseoglu, 2011; Zohar & Nemet, 2002).
Additionally, it is put forward that argumentation process helps students learn science (Erduran
et al., 2004; Jimenez-Aleixandre & Pereiro-Munhoz, 2002; Kuhn & Reiser, 2005; Millar &
Osborne, 1998; Osborne, Erduran, Simon, & Monk, 2001; Sandoval & Reiser, 2004; Schwarz,
Neuman, Gil, & llya, 2003; Von Aufschnaiter et al., 2008), guide them to constitute and
understand the knowledge (e.g., Aydeniz, Pabuccu, Cetin, & Kaya, 2012; Aymen-Peker, Apaydin,
& Tas, 2012; Driver et al., 2000; Osborne, Erduran, & Simon, 2004b; Perkins, Farady, & Bushey,
1991; Yerrick, 2000)

One of the variables that it’s relation with scientific argumentation is taken into account
is academic achievement. Thus, it is remarkable that there are a lot of studies in the literature
analyzing the relationship between scientific argumentation and academic achievement (e.g.,
Balci, 2015; Ceylan, 2010; Cross et al., 2008; Cinici et al., 2014; Demirel, 2015; Dogru, 2016;
Gimrah, 2013; Okumus, 2012; Ogreten, 2014; Ozer, 2009; Polat, 2014; Tsai et al., 2015). In a
great majority of these studies it can be concluded that in science education, scientific
argumentation has a great importance and effect in improvements of the achievement of
students in different education level (e.g., Aymen-Peker, Apaydin, & Tas, 2012; Ceylan, 2012;
Cross et al., 2008; Dogru, 2016; Erdogan, 2010; Giltepe, 2011; Kaya, 2005; Keil, Haney, & Zoffel,
2009; Knight & McNeill, 2012; Niaz, Augilera, Maza, & Liendo, 2002; Ogreten, 2014; Ozkara,
2011; Thoron & Myers, 2012; Tsai et al., 2015; Tiirkoguz & Cin, 2013; Uluay, 2012; Ustiinkaya &
Savran Gencer, 2012; Yalgin-Celik, 2010; Zohar & Nemet, 2002). As an example, Polat (2014) in

his study investigated the effect of the scientific argumentation on students’ academic
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achievement. 25 students in 7th grade, 12 boys and 13 girls, receiving education at a primary
school constitute the sample of the study. In experiment group, during the lessons, worksheets,
developed in accordance with scientific argumentation technique and having properties of
reliability and validity, were used; while in control group, lessons were taught according to their
course books by the researcher. In the study, an achievement test, consisting of 30 multiple
choice questions, was used as a data collecting tool. The study took 10 hours and achievement
tests were used in the beginning as a pre-test and at the end as a post-test. As a result of the
study, a significant difference was seen between experiment and control group in favor of
experiment group. Along with these studies, although they are rare, there are some studies
claiming that scientific argumentation does not have an effect on students’ academic
achievement (e.g., Demirel, 2015; Gliimrah, 2013; Yildiz & Unal, 2016). For example, Demirel
(2015) tried to define the effect of the scientific argumentation-based activities on 8th grade
students’ academic achievement. In the study, a quasi-experimental research design with pre-
test and post-test was used. 19 students in the experimental group and 16 in the control group,
in total 35 students constitute the sample of the study. Data of the study were collected through
achievement test and semi-structured interviews. The research was completed in 7 weeks (4
hours in a week). As a result of the study, it was concluded that there is not a meaningful

difference in terms of students’ academic achievement.

In the related literature, there are enough studies in number conducted with students
in different ages and analyzing the relationship between scientific argumentation and
conceptual understanding (e.g., Ceylan, 2012; Chinn & Anderson, 1998; Cross, Taasoobshirazi,
Hendricks, & Hickey, 2008; Driver et al., 2000; Glimrah, 2013; Kaya, 2013; Lawson, 2003; Niaz,
Aguilera, Maza, & Liendo, 2002; Osborne, Erduran, & Simon, 2004a; Ozdem, Ertepinar,
Cakiroglu, & Erduran, 2013; Oztiirk, 2013; Sadler & Fowler, 2006; Simon & Johnson, 2008; Yeh
& She, 2010). In some of the studies, it was put forward that since teaching science courses
based on argumentation gives students the opportunity to interact with the concept as an
individual or in a group, it helps them develop concepts on their own, in other words improve
their conceptual understanding (Acar, 2015; Aymen-Peker, Apaydin, & Tas, 2012; Dawson &
Venville, 2010; Giltepe, 2011; Herrenkohl et al., 1999; Jiménez-Aleixandre et al., 2000; Jimenez-
Aleixandre & Pereiro-Munhoz, 2002; Késeoglu & Timay, 2007; Leach, 1999; Okumus, 2012;
Osborne, 2010; Osborne, Erduran, & Simon, 2004b; Sekerci, 2013; Tirkoguz & Cin, 2013;
Uluginar-Sagir & Kilig, 2013; Ustiinkaya & Savran Gencer, 2012; Von Aufschnaiter, Erduran,
Osborne, & Simon, 2008; Waldrip, Prain, & Sellings, 2013; Yeh & She, 2010; Zohar & Nemet,
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2002). For example, in a study conducted by Waldrip and his colleagues (2013), the effect of
scientific argumentation method was analyzed whether students can understand movement
topic conceptually during their physics lesson. Students were asked to do some reasoning
related to some claims focused on both the process and the result. In order to collect data;
observation, transcripts (written documents) including student-teacher interaction and
interviews were used in this study. As a result of the study, they emphasized that students’
interaction with reasoning activities concerning various claims and questioning both their own
and other students’ presentations has a positive effect on their conceptual understanding in
movement subject and maintaining a positive introduction with the subject. Similarly, Aydeniz,
Pabuccu, Cetin and Kaya (2012) investigated the effect of teaching properties of gases and
behaviors of gas particles with argumentation method on students’ conceptual understanding
in a study conducted with 108 university students. Findings collected as a result of the evaluation
of pre-and post-tests showed that experiment group’s post-test results are considerably better
than control group, there is a significant rise between experiment group’s pre and post test
results, and students in the experiment group changed %80 of the alternative ideas defined in
their pre-tests, on the other hand in control group this ratio is less than %50. In some studies,
though it was revealed that scientific argumentation applications do not have an effect on
conceptual understanding or do not improve students’ conceptual understanding skills (Cinar,
2013; Kaya, 2009; Patronis et al., 1999). For example, it was figured out at Cinar (2013)’s study
conducted with 5th grade students there is a significant rise in posttests of both experiment and
control groups. However, the researcher found that there is not a difference between
conceptual understanding post-test points of experiment and control groups. According to Cinar
(2013), the reason behind that is the effect of some lessons taught based on constructivist

approach throughout the unit.

There are also studies investigating the effect of scientific argumentation on conceptual
change (e.g., Demirci, 2008; Dole & Sinatra, 1998; Eryilmaz, 2002; Golden, 2011; Koseoglu,
Tumay, & Akben, 2007; Niaz et al., 2002; Nussbaum & Sinatra, 2003; Uluginar-Sagir, 2008;
Yesiloglu, 2007). In most of the studies conducted, it was concluded that scientific
argumentation has positive effect on students’ conceptual change (e.g., Aslan, 2010; Dole &
Sinatra, 1998; Eryilmaz, 2002; Nussbaum & Sinatra, 2003; Ozer, 2009; Tekeli, 2009; Thorley &
Treagust, 1987; Timay & Koseoglu, 2011; Yesiloglu, 2007). To exemplify, in a study conducted
by Aslan (2010) with 48 students in 9th grade, the effect of scientific argumentation on students’

conceptual change and their construction of concepts in a correct way was analyzed.
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Throughout the lessons, scientific argumentation method was used in experiment group and
traditional teaching method was used in control group. As a result of the study, it was
determined that students taught with scientific argumentation method are more successful in
constructing the concepts in a correct way and executing meaningful conceptual change

compared to students taught with traditional teaching method.

Some researchers conducted studies on whether scientific argumentation has an effect
on students’ science process skills or not (e.g., Aslan, 2010; Cinar, 2013; Demir, 2014; Duschl &
Osborne, 2002; Ebenezer & Puvirajah, 2005; Gimrah, 2013; Tan & Temiz, 2003). In some of the
studies done on this subject, it was found that there is a meaningful relationship between
scientific argumentation and students’ science process skills. For instance, Demirel (2014) in his
study investigated the effect of applying problem and argumentation-based methods in
chemistry lessons on students’ academic achievement, science process skills and scientific
reasoning aptitudes. For this purpose, one of the quasi- experimental research designs, a non-
equivalent pre-and post-test control group design was used. Findings revealed that problem-
based education is more effective in improving students’ academic achievement and science
process skills than teaching lessons according to the current program. Besides, it was found that
argumentation method is more effective in developing students’ academic achievement,
science process skills, scientific reasoning aptitudes than teaching lessons according to existing
program. In addition to these claims, scientific argumentation-based method is more effective
than problem-based method in increasing students’ science process skills. Also, in some of the
studies, it was determined that scientific argumentation does not have a meaningful effect on
students’ science process skills (Giimrah, 2013). For example, in her study Gimrah (2013)
wanted to determine the effect of argumentation method on academic achievement,
conceptual understanding, their opinions of the nature of science concepts, science process,
communication and argument skills of 9th-grade students. In the study, data were collected
through both qualitative and quantitative methods. Quantitative data were analyzed using
parametric tests. Qualitative data were analyzed using Toulmin’s Argument Pattern. Findings of
the study showed a significant difference in favor of the experiment group in terms of
conceptual understanding. On the other hand, it was seen that there is not a meaningful
difference between control and experiment group in terms of science process and

communication skills.

When relationship between scientific argumentation and attitude towards science is

examined, in some studies, meaningful and positive relationship between these two were found
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(Balci, 2015; Cakir, 2011; Erdogan, 2010; Gogolin & Swartz, 1992; Kiguk, 2012; Tekeli, 2009;
Waldrip, Prain, & Sellings, 2013; Yalcin-Celik, 2010; Yildiz & Unal, 2016). To exemplify, Yildiz &
Unal (2016) investigated in their studies if scientific argumentation has effect on students’
academic achievement and their attitudes towards Biology lessons. During the study, quasi-
experimental design was used. Sample of the study consists of 67 students in 9th level, 22 boys
and 45 girls. Study took 8 weeks to complete and lessons were taught by using traditional
teaching method to control group but experiment group were taught by using argumentation
method integrated with case study examples. Results of the study showed us that in the
beginning students of the control and experiment groups had had similar attitudes towards their
environment and academic achievements, after the study experiment group’s students’
academic achievements and their attitudes towards environment increased in a positive way.
Although in some studies significant relationship between academic achievement and attitude
towards science could not be found (Altun, 2010; Ceylan, 2012; Ozkara, 2011; Uluginar-Sagir,
2008; Yesiloglu, 2007). As an example, Ozkara (2011) in his study, conducted with 48 students
8th-grade, concluded that activities in pressure subject based on scientific argumentation
change academic achievement in a meaningful level, ensure information to be persistent
however could not constitute significant difference in terms of their attitude towards science

and their opinion about knowledge.

In the literature, it was emphasized in the studies, which analyze the relationship of
scientific argumentation with various thinking skills or its effect on these skills (e.g., Acar, 2015;
Acar & Patton, 2012; Dawson & Venville, 2010; Duschl, Ellenbogen, & Erduran, 1999; Duschl &
Osborne, 2002; Glassner & Schwarz, 2007; Giiltepe, 2011; Kelly et al., 1998; Tekeli, 2009; Tiimay
& Koseoglu, 2011), that scientific argumentation has an important place in developing high level
thinking skills such as scientific thinking skills (Acar, 2015; Acar & Patton, 2012; Trend, 2009;
Schweizer, 2002), critical thinking skills (Gultepe, 2011; Lawson, 2003; Saracoglu et al., 2011;
Tonus, 2012), scientific discussion skills (Acar, 2008; Deveci, 2009; Erduran et al., 2004; lordanou,
2010; Kuhn et al., 1997; Munford, 2002; Okumus, 2012; Osborne et al., 2004a; Ogreten, 2014),
reasoning skills (Demirel, 2014; Erduran, Ardac, & Yakmaci-Guzel, 2006; Eskin, 2008; Fischer et
al., 2014; Nussbaum & Sinatra, 2003; Ozer, 2009; Teichert & Stacy, 2002; Zohar, 1996), logical
thinking skills (Acar, 2015; Dogru, 2016), research skills or abilities (Driver, Newton, & Osborne,
2000; Richmond & Striley, 1996), creative thinking skills (Demir, 2014), communicational skills
(Kuhn & Udell, 2003) and scientific thinking skills (Deveci, 2009). For example, Dogru (2016) in

her study investigated the effect of scientific argumentation-based classroom activities on 5th
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grade students’ academic achievement, logical thinking skills and willingness to discuss. For this
purpose, one of the quasi-experimental research designs, pre-and post-test control group design
was used. Whilst in the experiment group lessons were taught according to scientific
argumentation-based classroom activities, in the control group lessons were taught according
to the existing program. In the study, the data were collected through achievement test about
substances, logical thinking group test and argumentation questionnaire. As a conclusion of the
study, it was revealed that argumentation based inner class activities is effective in increasing
students’ academic achievement, logical thinking skills and their willingness towards discussion.
Apart from these studies, there are also some studies concluded that scientific argumentation
does not have effect on students’ reasoning skills (Dawson & Venville, 2010; Zohar & Nemet,
2002), discussion skills (Jimenez-Aleixandre, Bullgallo-Rodriguez, & Duschl, 1997; Sampson,
Grooms, & Walker, 2011; Watson, Swain, & McRobbie, 2004), critical thinking skills (Cinar, 2013;

Joiner & Jones, 2003; Saracoglu et al., 2011) or does not develop these skills.

One of the variables that scientific argumentation’s effect analyzed is students’
understanding of the nature of science (e.g., Boran, 2014; Cetin, Erduran, & Kaya, 2010; GUmrah,
2013; Kaya, 2005; McDonald, 2010; McDonald & McRobbie, 2012; Nussbaum & Bendixen, 2003;
Sandoval & Millwood, 2008; Simon, Richardson, Howell-Richardson, Christodoulou, & Osborne,
2009; Von Aufschnaiter et al., 2008; Yerrick, 2000; Yesiloglu, 2007). Most of these studies
conducted with students from different education levels show us that there is a meaningful or
positive relationship between scientific argumentation and students’ understanding of the
nature of science (e.g., Altun, 2010; Balci, 2015; Bell & Linn, 2000; Kenyon & Reiser, 2006;
Sampson & Clark, 2006; Sandoval & Millwood, 2008; Tekeli, 2009; Timay & Kdseoglu, 2011;
Uluginar-Sagir & Kilig, 2013). For example, Sandoval and Millwood (2008) in their study claimed
students who understand scientific argumentation can understand the nature of science, people
who can not practice science cannot really participate in scientific argumentation and they
stated there is a strong connection between scientific argumentation and the nature of science.
When Simon, Richardson, Howell-Richardson, Christodoulou and Osborne (2009) defining
scientific argumentation, they revealed the connection between scientific argumentation and
the nature of science. Throughout education based on scientific argumentation, they
emphasized students use evidence to support their claims, internalize scientists’ argumentative
applications by evaluating other individuals’ claims, in this way argumentation is a
communication tool that helps them develop their practices related to knowledge and the

nature of science. In some studies, on the other hand, it was revealed that scientific
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argumentation method does not have an effect on students’ understanding of the nature of
science (Ceylan, 2012; Sekerci, 2013; Yesiloglu, 2007). In these studies, that scientific
argumentation methodhad no significant effect on students’ understanding of the nature of
science was interpreted differently. As an example, according to Yesiloglu (2007) holistic
structure in education cannot be maintained while multiple variables are measured at the same
time, and it could be the reason for this condition. On the other side, again according to Yesiloglu
(2007), teacher’s having a traditional understanding of the nature of science may lead this
unexpected outcome. In Ceylan’s (2012) opinion, unless there is a significant difference in
experiment group, this may be because of the fact that students have not encountered with the
notions placed in the nature of science scale in their previous experience. However, Sekerci
(2013) stated that development of the nature of science understanding is possible with long-
term practices, and explained that as a result of short practice time, meaningful difference could

not be observed in experiment group.

In the science teaching literature, there are some studies claiming that argumentation
process affects students’ epistemological beliefs (e.g., Boran, 2014; Dogru & Kiyici, 2005; Driver
et al., 2000; Erduran, 2008; Evagorou & Osborne, 2009; Kuhn, 1992; Kuhn & Reiser, 2005;
Nussbaum, Sinatra, & Pokiquin, 2008; Osborne et al., 2004b; Sampson & Clark, 2006).For
example, Ryu and Sandoval (2012) created a classroom environment, where they can get
positive experiments in terms of forming qualified scientific argumentations for students aged
between 8 and 10, in a study aimed at evaluating whether scientific argumentation-based
teaching process affects students’ epistemic beliefs, incase it affects how it works. Researchers
determined that scientific argumentation-based teaching process increase argumentation skills
of individuals and besides that students’ tendency towards using epistemic criteria improved

compared to preliminary conditions.

In studies trying to define students’ argument and argumentation qualities by using
scientific argumentation method in a classroom environment, it was investigated either the
method’s effect on students’ argumentation quality or whether it improves their argumentation
quality or not (e.g., Chin & Osborne, 2008; Cetin, Kutluca, & Kaya, 2013; Ciftci, 2016; Cinici et al.,
2014; Glassner, Weinstock, & Neuman, 2005; Katchevich, Hofstein, & Mamlok-Naaman, 2013;
Kim & Song, 2006; Kind, Wilson, Hofstein, & Kind, 2010; Ogreten, 2014). As a result of most of
these studies, it could be seen that the more students get used to scientific argumentation
process and understand how to use concepts, the more they will make the process productive

and as the process proceeds quality of the argumentations that they could form in the beginning
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willimprove (e.g., Berland, 2008; Deveci, 2009; Erduran et al., 2004; Eskin, 2008; Giiltepe, 2011,
lordanou, 2010; Kaya, 2013; Kuhn, 1991; Perkins et al., 1991; Puvirajah, 2007; Walker et al.,
2012; Yerrick, 2000; Zohar & Nemet, 2002). Jonassen and Kim (2010), in their study, proposed
methods and guidelines for developing students’ argumentation skills along with problems that
students experience when constructing arguments and found that if students can evaluate
alternative arguments, they will better support their arguments and supply more justifications
for their solutions to the problems. In a similar way, Jiménez-Aleixandre et al. (2000) looked into
high school biology students’ capacity to improve arguments in different science contexts. The
study looked into the identification of use by the students of epistemic operations specific to
the science domain. Toulmin’s argumentation structure was used by the researchers to analyze
student arguments. They found that students spend a lot of time on procedural events and
relatively less time on meeting the stated objectives of the lesson. The research also reported
that the students developed a diverse of arguments with mixed sophistication levels. Besides
these studies, although they are few in number, in the literature there are also other studies
concluded students in lower grades can participate in simple discussions and that’s why their

argumentation level is lower (Wellom & Anderson, 1999).

Apart from variables mentioned above, some other studies analyzing the connection
between scientific argumentation and other variables such as students’ willingness to discuss
(Balci, 2015; Cinar, 2013; Dogru, 2016; Erdogan, 2010; Hakyolu, 2010), their self-efficacy skills
(Oztiirk, 2013), decision making (Kardas, 2013; Maloney & Simon, 2006; Tonus, 2012), problem-
solving (Cho & Jonassen, 2002; Kardas, 2013), asking questions (Veerman, Andriessen, &

Kanselaar, 2002), environmental literacy (Fettahlioglu, 2012) were also detected.

When the literature is examined, Toulmin model was generally used in the national and
international studies conducted with students (e.g., Altun, 2010; Berland & McNeill, 2012;
Erduran & Jimenez-Aleixandre, 2007; Erduran, Simon, & Osborne, 2004; Jiménez-Aleixandre,
Rodriguez, & Duschl, 2000; Kardas, 2013; Kutluca, 2012; Maloney & Simon, 2006; Ozkara, 2011;
Simon, Erduran, & Osborne, 2006). This model is taken as more favored compared to other
models because it gives more importance to rebuttals, comparing data and evidences, defending
the claim in harmony, giving importance to backings. However, there are some scientific
argumentation studies in the literature of science which explain Toulmin model is ineffective in
analyzing argumentation in small-group discussions in classroom environment and conducted
by using different models (Berland, 2008; Clark & Sampson, 2008; Kelly & Takao, 2002; McNe:ill
et al., 2006; Sandoval, 2003; Zohar & Nemet, 2002).
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4. Conclusions and Discussion

In this study, the researcher has tried to evaluate national and international studies on
scientific argumentation in education. The results of the researches which were attempted to
be explained in summary above have revealed that scientific argumentation studies have
concentrated on certain contents both in national and international literature. In the studies
reviewed, majority of the researchers have argued that scientific argumentation enabled the
students to learn better because in the scientific argumentation process, the students ask
qguestions, they evaluate each other’s opinions and they receive feedback. This plays a
considerably important role in structuring the knowledge of the students and enables them to
learn better naturally. The presence of a big number of studies focusing on the relationship
between scientific argumentation and academic achievement is another conclusion of this
study. In general, the researchers have revealed that scientific argumentation has a positive
effect on the academic achievements of the students. The reason for this may be their learning
by understanding the concepts and phenomena related to the subject, the creation process of
the concepts and the relationships between the concepts through scientific argumentation and
this process leading to an increase in their achievement levels. Also, a result showing the
presence of studies revealing the impact of scientific argumentation on the conceptual
understanding and conceptual changes of the students was reached. These studies display that
scientific argumentation has a positive effect on the conceptual understanding of students
because in classroom settings focused on scientific argumentation, students are actively
included in the creation process of knowledge and can carry out their activities with the
materials appropriate for the method. Also, any student can confirm his/her argument by
discussing the subject or hypothesis in question and confute the other arguments presented or
he/she may become aware of his/her mistakes in an opinion and learn the real meaning of the
concept; all these enable the student to develop conceptually. Additionally, another conclusion
that was reached was the presence of studies that examined scientific argumentation and
scientific process skills or scientific argumentation and attitude towards science in their content.
However, these studies are limited in number when compared to those problematizing the
relation between scientific argumentation and achievement or scientific argumentation and
conceptual understanding. Based on this, it can be said that the researchers were more
interested in the relationship between scientific argumentation and academic achievement or

between scientific argumentation and conceptual understanding.
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Another result obtained was the positive impact of education based on scientific
argumentation on the development of high-level thinking skills of the students (e.g., scientific
reasoning skills, logical thinking skills, critical thinking skills, problem-solving skills). High level
cognitive skills of the students such as analysis, synthesis and assessment develop because the
teacher, instead of giving information in ready form, ensures that the students explain their
opinions by discussing them with others and structure the knowledge better by showing proof
or support. It is inevitable for the students, who have developed high level cognitive skills, to
develop high level thinking skills. Furthermore, there is a great number of studies showing that
education based on scientific argumentation is effective on the quality of the argument
produced by students. The general trend of these studies is the positive influences of education
based on scientific argumentation on the argument quality of the students because as students
get used to scientific argumentation process and understand how related concepts can be used,
they can make the process more productive and the quality of the arguments they could create
at the beginning increases as the process progresses. In addition to these, the presence of
studies tackling the relationship between scientific argumentation and the nature of science or
the relationship between scientific argumentation and epistemological beliefs was another
conclusion reached.

One of the most striking and interesting results of this study was that when the studies
(articles or theses) were reviewed, most of them were conducted in the education of science.
For the rest of the studies, most were also conducted in the education of physics, chemistry and
biology that make up the science field and studies carried out in mathematics education,
classroom education and Turkish education were also encountered even if these were rare. The
result revealing that most of the studies reviewed were conducted in the education of science
field and by researchers of science education is not surprising when the update in the education
program and the starting points of the studies conducted abroad in this field are considered.
When the similarity of the scientific argumentation process to structuring process of scientific
knowledge, elements making up science literacy and the expectations of the current educational
system from the students are taken into consideration, frequent use of scientific argumentation
applications may be recommended especially in science and science-related lessons. In the
present study, national and international studies related to scientific argumentation in
education were reviewed within the scope of certain criteria including students as the sample.
In the future studies on this subject, the researchers can work with teachers or other participant

groups as samples.
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Egitimde Bilimsel Argiimantasyon Uzerine Ulusal ve Uluslararasi
Calismalarin incelenmesi

GENIS OZET

Bu calismada da egitimde bilimsel arglimantasyon Uzerine ulusal ve uluslararasi
baglamda yapilan bilimsel makaleler ve tezler incelenmistir. Bu nedenle ¢alisma bir tematik
icerik analizi (meta-sentez) calismasidir. Bu arastirmada veriler, dokiiman incelemesi yontemi ile
toplanmistir. Calismada bilimsel arglimantasyon konusu ile ilgili yazili kaynaklarin (makaleler ve
tezler) incelenmesi s6z konusu oldugundan, calisma tam anlamiyla dokiiman incelemesi
¢alismasidir. Bu ¢alismada ilk olarak; Web of Science ve ERIC veri tabanlarinda yer alan
uluslararasi egitim dergilerindeki gelismis arama sekmelerine “bilimsel argiimantasyon”,
“egitimde bilimsel arglimantasyon” ve “fen egitiminde bilimsel arglimantasyon” gibi anahtar
sozclikler yazilarak taramalar gergeklestirilmistir. Bu sekilde arglimantasyon kavraminin yer
aldigi makalelere ulasiimistir. ikinci olarak, ulusal alanda yapilmis olan tez ve makalelere ulasmak
icin YOK Ulusal Tez Merkezi ve ULAKBIM Dergi Park veri tabanlarinda ayni anahtar kelimeler
yazilarak taramalar yapilmis ve ¢alismalara ulasiimistir. Son olarak; yukarida belirtilen iki tarama
slrecinde ulasilan calismalar bir araya getirilmistir. Bu slirecten sonra, incelenecek ¢alismalarin
belirlenmesi amaciyla yazar tarafindan ¢alismanin amacina uygun olarak bir takim se¢im 6lcttleri
belirlenmistir. Bu olcltler bes (5) tane olup asagidaki sekildedirler:

* incelenen calismalarin (tez veya makale) 1990 ve 2016 yillari arasinda yapilmis olmasi.

eincelenen calismalarin (tez veya makale) dérneklemlerinin grenciler olmasi. Diger bir
ifadeyle, 6gretmenlerle veya diger érneklemlerle yapilan bilimsel argiimantasyon calismalari

arastirmaya dahil edilmemistir.

e incelenen c¢alismalar da ulusal hem tez hem de makalelere yer verilirken, uluslararasi
calismalarda sadece makalelerin ele alinmasi. Bunun nedeni ise, ele alinan konu ile ilgili yapilan

uluslararasi tezlerin oldukca fazla olmasidir.

e incelenen calismalar da (tez veya makale) her kod ile ilgili farkh yillarda ve farkli
arastirmacilar tarafindan yapilan belli basl calismalar érnek verilmistir. Ornegin; akademik
basariya odaklanan arglimantasyon ¢alismalarinda, Balci, 2015; Ceylan, 2010; Cross et al., 2008;

Ogreten, 2014; Polat, 2014; Tsai et al., 2015 gibi calismalara referans verilmistir.

e incelenen calismalarin ilgili 6rneklemlerden ilk elden saglanan veriye dayali olmasi.
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Bu calismada, arastirmaci egitimde bilimsel argiimantasyon Uzerine ulusal ve
uluslararasi calismalari degerlendirmeye calismistir. Yukarida 6zet olarak aciklanmaya calisilan
arastirmalarin sonuglari, bilimsel argiimantasyon calismalarinin hem ulusal hem de uluslararasi
literatirde belli iceriklerde toplandigini ortaya koymustur. Ele alinan c¢alismalarda,
arastirmacilarin  biyik bir ¢ogunlugu bilimsel arglimantasyonun 6grencilerin daha iyi
o0grenmesine olanak sagladigini ileri stirmuslerdir. Clnki bilimsel argiimantasyon siirecinde
Ogrenciler sorular sorar, birbirlerinin fikirlerini degerlendirir ve geri bildirim alirlar. Bu durum
ogrencilerin bilgilerinin yapilandirmasinda olduk¢ca 6nemli bir rol oynar ve dogal olarak daha iyi
o0grenmelerine imkan sunar. Bilimsel arglimantasyon ile akademik basari arasindaki iliskiye
odaklanan ¢ok sayida calisma oldugu da ulasilan bir baska sonuctur. Genelde arastirmacilar
bilimsel argimantasyonun 6grencilerin akademik basarilari Gzerinde pozitif bir etkisi oldugunu
ortaya koymuslardir. Bilimsel arglimantasyonun 6grencilerin kavramsal anlamalari ve kavramsal
degisimleri Uzerine etkisini ortaya koyan calismalarinda oldugu sonucuna ulasiimistir. Bu
calismalar bilimsel argiimantasyonun 6grencilerin kavramsal anlamalari lzerine olumlu etkisi
oldugunu géstermektedir. Ciinki bilimsel argiimantasyon odakli sinif ortamlarinda, égrenci
bilginin olusma siirecine etkin bir sekilde dahil olur ve yonteme uygun materyallerle kendi
etkinligini yapabilir. Ayrica 6grenci eldeki konuyu ya da hipotezi tartisarak kendi savini
dogrulayabilir, sunulan diger savlar ciritebilir ve kendi yanhs fikirlerini fark edip kavramin
gercek anlamini 6grenebilir tim bunlar 6grencinin kavramsal olarak gelismesine olanak saglar.
Ayrica, ele alinan ¢ahsmalarin igeriklerinde bilimsel argimantasyon ile bilimsel siireg
becerilerinin veya bilimsel arglimantasyon ile fene karsi tutumun incelendigi calismalarin oldugu
da ulasilan bir baska sonugtur. Fakat bu ¢alismalar, bilimsel arglimantasyon ile basari arasindaki
iliski veya bilimsel arglimantasyon ile kavramsal anlama arasindaki iliski calismalarina gére daha
sinirli sayidadir. Bu sonugtan yola ¢ikarak, arastirmacilarin daha ¢ok bilimsel arglimantasyonun
akademik basari ile iliskisi veya bilimsel argimantasyonun kavramsal anlama ile iliskisi ile
ilgilendikleri séylenebilir.

Elde edilen sonuglardan bir digeri, bilimsel arglimantasyona dayali 6gretimin
Ogrencilerin st diuzey dislinme becerilerinin (akil ylriitme becerileri, elestirel dislinme
becerileri, problem ¢ézme becerileri) gelismesindeki olumlu etkisidir. Ust diizey bilissel becerileri
gelisen 6grencilerin (st diizey diisinme becerilerinin gelismesi de kaginilmazdir. Dahasi, bilimsel
arglimantasyona dayal 6gretimin 6grencilerin olusturduklari argiiman kalitesi Uzerinde etkili
oldugunu gosteren arastirmalarda fazladir. Bu arastirmalarin genel egilimi bilimsel

arglimantasyonun o6grencilerin argiiman kalitesi lzerinde olumlu etkilere sahip oldugudur.
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Bunlara ek olarak, bilimsel argiimantasyon ile bilimin dogasi arasindaki iliskiyi ele alan veya
bilimsel arglimantasyon ile epistemolojik inanglar arasindaki iliskiyi ele alan galismalarinda
yapildigi ulasilan bir baska sonug olarak karsimiza ¢ikmaktadir.

Bu ¢alismanin en gbze ¢arpan ve ilgi ¢ekici sonuglarindan biri, ele alinan ¢alismalar (tez
veya makale) incelendiginde bu ¢alismalarin biyik bir kisminin fen egitimi alaninda yapildigidir.
Geriye kalan gcalismalarin cogu da feni olusturan fizik, kimya ve biyoloji egitimi alaninda yapilmis
olup nadir de olsa matematik egitimi, sinif egitimi ve Tlirkce egitimi alaninda yapilan calismalarda
karsimiza ¢ikmaktadir. Yapilan bu ¢alismada, egitimde bilimsel arglimantasyon ile ilgili ulusal ve
uluslararasi ¢alismalar belli élgiitler dahilinde incelenmistir. Ornegin arastirmanin élcitlerinden
biri, incelenen calismalarin 6rnekleminin 6grenciler olmasidir. Bundan sonra bu konuda ¢alisma
yapacak olan arastirmacilar, 6rneklem olarak 6gretmenlerle veya daha farkl katilimci gruplariile

cahsilabilirler.
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