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ABSTRACT

EXPLORATION OF THE RELATIONS BETWEEN THE TEACHER’S
DISCURSIVE ROLES AND THE STUDENTS’ COGNITIVE CONTRIBUTIONS
TO THE CLASSROOM DISCOURSE

SOYSAL, Yilmaz
Ph.D., Department of Elementary Education
Supervisor: Prof. Dr. Ozgiil YILMAZ TUZUN
Co-Supervisor: Prof. Dr. Murat GUNEL

June 2017, 370 pages

The current study aimed at exploring the relations between the types of teacher
discursive roles and the students’ cognitive contributions to the classroom discourse.
Students’ cognitive operations were considered as their utterances’ semantic
complexity, cognitive pathways, reasoning quality and argument structure. It was
also aimed at investigating some contextual influences of the inquiry classrooms on

the students’ ability to make cognitive contributions to the classroom discourse.

The participants were one elementary science teacher and her 19, 7" grade students.
There were three types of collected data: video record, field note and teacher
interview. The video-recorded lessons were the primary data source in addition to
secondary data sources as field notes and teacher interview. A sociocultural
discourse analysis was conducted to analyze the data in order to address the research

questions.



The results showed that the teacher played out diverse discursive roles and three of
the roles that teacher exhibited were consolidated. The consolidated discursive roles
were teacher clarifies, elaborates and probes the ideas; teacher focuses learners on
focal aspects of and encourages monitoring to classroom discursive events and
teacher conducts reflective discourse (e.g., ask for evaluation). The results also
demonstrated that quantitative and qualitative changes regarding the role as teacher
conducts reflective discourse were significantly and considerably effective in altering
the dimensions and the ways of the student-led cognitive contributions to the
classroom discourse. Some contextual differences were also discussed in terms of
discourse-cognition relations by means of the analysis of researcher’s field notes and
teacher interview. Finally, recommendations for teacher education were offered for

future research.

Keywords: Teacher Discursive Roles, Students’ Cognitive Contributions, Classroom
Discourse, Argument-based Inquiry, Sociocultural Discourse Analysis, Vygotskian
Perspective
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OGRETMENIN SOYLEVSEL ROLLERI iLE OGRENENLERIN SINIF
SOYLEVINE BILISSEL KATKILARI ARASINDAKI iLISKiLERIN
ARASTIRILMASI

SOYSAL, Yilmaz
Doktora, Tlkdgretim Boliimii
Tez Yoneticisi: Prof. Dr. Ozgiil YILMAZ TUZUN
Ortak Tez Yoneticisi: Prof. Dr. Murat GUNEL

Haziran 2017, 370 sayfa

Bu calisma, Ogretmenin sOylevsel rollerinin (becerileri, hamleleri, manevralari)
tiirleri ile 6grenenlerin sinif sdylevine biligsel katkilar1 arasindaki iliskiyi arastirmay1
amaglamistir. Ogrenenlerin bilissel katkilar1 onlarin  sdylemlerinin  anlamsal
karmasikligi, biligsel yollari, akil yiirlitme kalitesi ve argliman yapisi agisindan ele
alinmistir. Bununla birlikte arastirma-sorgulama derslerinin bazi baglamsal
ozelliklerinin 6grenenlerin simif sdylevine bilissel katkilarina etkisinin incelenmesi

de bu calismada amacglanmastir.

Arastirmada bir ortaokul fen ve teknoloji dersi 6gretmeni ve 19, 7. smif 6grencisi
katilimer olarak yer almustir. Ug tip veri toplanmistir: video kaydi, alan notlar1 ve
Ogretmen goriismesi. Video kaydi alinan dersler ana (birincil) veri kaynagini, alan

notlart ve Ogretmen goriismesi ise ikincil veri kaynaklarini olusturmustur.
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Arastirmanin sorularina cevap verebilmek amaciyla sosyo-kiiltiirel sdylev analizi

gergeklestirilmistir.

Arastirmanin sonuglar1 6gretmenin ¢esitli sdylevsel roller sergiledigini ve bunlardan
liciiniin diger rollere gore daha baskin oldugunu gostermistir. One ¢ikan bu roller
O0gretmenin Ogrenenlerin sdylemlerini agiklamasi ve derinlestirmesi i¢in yaptigi
hamleler, smif sdylevinin odagini belirtmek ve digerlerinin sdylevi takip etmesini
saglamak icin yaptig1 hamleler ve reflektif soylev rollerini (6r., 6grenenden
arkadasinin  sdylemini degerlendirmesini istemek) belirten hamleler olarak
belirlenmistir. Sonuglar ayrica 6gretmenin reflektif soylev rollerindeki nicel ve nitel
degisimlerin 6grenenlerin sinif sdylevine biligsel katkilarinin boyutlarini ve yonlerini
onemli ve ciddi derecede degistirebilecegini gostermistir. Arastirmacinin alan
notlarma ve oOgretmen goriismelerine konu olan ve soylev-bilis iliskisini
degistirebilecek diger baglamsal farkliliklar da tartisiimistir. Son olarak, gelecek

Ogretmen egitimi arastirmalari i¢in ¢ikarim ve Onerilerle bulunulmustur.

Anahtar Kelimeler: Ogretmen Soylevsel Rolleri, Ogrenenlerin Bilissel Katkilari,
Smif Séylevi, Argiimantasyon Tabanli Bilim Ogrenme, Sosyo-kiiltiirel Soylev
Analizi, Vygotsky’ci Perspektif

vii



This thesis research is dedicated to members of SOYSAL family and RADMARD
family...

This was only possible with their invaluable effort, love and sense of humor ...
This thesis research is also dedicated to Lev Semyonovich Vygotsky (1986-1934), a
Soviet psychologist, whose ideas extremely turned out to be instrumental in shaping

my understanding regarding learning, teaching and the praxis of the education...

As Vygotsky stated “through others, we become ourselves”...

viii



ACKNOWLEDGMENTS

As an educational researcher and prospective social scientist, 1 am sure that these
types of studies have been only possible and valuable in the presence of other

members of the (learning) community to whom | am considerably grateful.

First of all, I would like to express my honest appreciation to my supervisor Prof. Dr.
Ozgiil YILMAZ TUZUN for her invaluable academic and motivational guidance,
effort and endless support from the beginning to end. I truly felt myself as a lucky
candidate of social scientist, since | have an Ozgiil Hoca. | have learned a lot from
Ozgiil Hoca, particularly in times I had several chaos in progressing the dissertation.
The unique thing as I captured from Ozgiil Hoca was that the life itself is a type of
argument deconstruction and reconstruction process and when your arguments are

able to communicate with others, you are the luckiest one.

| of course extend my appreciation to my co-advisor Prof. Dr. Murat GUNEL, an
idol of me, for her trust, support and honest encouragement throughout the current
research. We have a different story and praxis with Murat Hoca, as he tried to
educate me as a (science) teacher educator by virtue of a distinctive perspective
consisting transformative and critical pedagogy. | verbatim recall the time I knocked
Murat Hoca’s door with enthusiasm and eventually left his room with a greater

enthusiasm of doing science.

| am also deeply grateful to Prof. Dr. Hamide ERTEPINAR. It is a genre of
excitement to be one of her students. | am a follower and an admirer of her
professional studies and social life that she has added me several perspectives
including quality personal communication, social relations, intellectual stance,
presentation skills and much more. I uniquely earned from Hamide Hoca to be stay

calm and insisting on struggling for intellectual attainments.



| also present my sincere appreciation to the committee members Prof. Dr. Jale
CAKIROLU who has never come to the classroom without a smiling face and
intellectual enthusiasm and encouragement, Prof. Dr. Yezdan BOZ who has been
role-model-scientist for us and Prof. Dr. Salih ATES who prompt me for thinking
and reasoning critically during physics lectures for their willingness to serve on the

committee and their valuable feedback.

I also would like to acknowledge the science teacher and her students who agreed to
participate and advance the current study. The participatory teacher and her students
did not spare their supports, contributions and efforts allowing me collect higher
quality data. There was a reciprocal interaction between the participants and me
permitting the intellectual and social transformations of each part for the sake of a

more emancipatory teaching and learning.

I am also substantially grateful to my family members; my mother Asure SOYSAL,
my father Orhan SOYSAL and my unique brother Firat SOYSAL. | am really
grateful to my family for their endless patience and hopes for me. My mother has
been a super chef preparing luscious meals for me and my family for long working
hours; my father has prompted me for making further readings to comprehend how
the things (nature and society) actually work, and my brother, Firat, has been a full-
supporter and a peerless friend of me while sharing my all troubles during my

academic life.

I am also deeply thankful to my life-long friends and supporters; historian Mustafa
CANLLI, expert Hatice TANIK, mathematician Sezer BOLAT, Emre ILHAN, Dr. Ali
Yigit KUTLUCA, Dr. Mehmet Akif DEMIR and Dr. Seving TUNALI as they
always listened to me and responded to my many needs to handle this mind-

stretching task.



I should state my special appreciation to Asst. Prof. Dr. Somayyeh RADMARD, for
her invaluable and endless intellectual, social and emotional support during last two
years of my academic career in which she and | have been both friends, lovers,

colleagues, and so much. I love you so much Somayyeh!

This study was financially supported by an international project (2012-2015):
Coordination and Support Actions (Supporting). Science in Society. Area 5.2.2.1
SiS-2012.2.2.1-1 Supporting and coordinating actions on innovative methods in
science education: teacher training on inquiry based teaching methods on a large
scale in Europe: Chain Reaction: A Sustainable Approach To Inquiry Based Science
Education, FP7.

Xi



TABLE OF CONTENTS

PLAGIARISM . ..o e il
ABSTRACT ettt ettt et et nae e e 1\
07/ vi
ACKNOWLEDGMENTS ...t IX
TABLE OF CONTENTS ...t Xl
LIST OF TABLES ...ttt nbee s XVvii
LIST OF FIGURES. ... .ottt XX
LIST OF ABBREVATIONS ... XX11_Toc483906364
CHAPTER
LINTRODUCTION. ...ttt ettt bbbt 1
1.1 A Brief INErodUCTION ........ccooiiiiiiiiceeeeee s 1
1.2 Argument-based INQUIrY (ABI) ....ccvooiiiiiiecece e 2
1.3 ABI and Argumentation PerspectiVe .........cccccveveiieiierie s 2
1.4 ABI and INQUIry PEerSPECLIVE ......c.ccveiuieiieiieiece e 5
1.5 ABI’s in-class Reflections for the Inquiry ACtiVities..........ccocevvviiiiininiininnnn, 6
1.6 ABI and Language PerspeCtiVE ........cccvciveiieieiiieiee et 7
1.7 Teacher Discursive Roles and ABI ApPproach...........ccccceoeeeienenenienicnienennn, 10
1.8 Teacher Discursive Roles and Students’ Cognitions..........c.ccceevrrireerveiireennens 12

1.9 Teacher’s Discursive Roles and Students’ Cognitive Contributions to the
ClaSSIO0M DISCOUISE .....cuviuetiieiieiisieieiiet sttt ettt sttt bbb 13

1.10 Teacher’s Discursive Roles’ Influences on Students’ Cognitive Pathways ... 15
1.11 Teacher’s Discursive Roles’ Impacts on Students’ Reasoning Typologies ... 18
1.12 Teacher’s Discursive Roles’ Effects on Students’ Argumentation Structures20
1.13 Significance of the STUAY.........ccoiiiii 22
2.LITERATURE REVIEW.......cooiiiiiiiiee e 26

Xii



2.1 Perspectives of Argumentation .........cccccveveiieiiiie e 26

2.2 Two Theories of Education Influencing Meanings of Argumentation ............ 27
2.3 Understanding Argumentation and Its Recognized FOrms ...........ccccceevvvenenn 28
2.4 Science Argumentation in SChool Settings .........cccvvevieie i 31
2.5 The ABI APPIOaCH ....cveoieie et 33
2.6 Choosing Among Three Approaches and Its Relevancy to the Study Purposes
................................................................................................................................ 35
2.7 Basics of the ABI APPrOaCh..........coiveiiiiiieiiece e 37
2.8 Research on the ABI APProach........cccccviieiveiiiiic e 41
2.9 Framing This Study: Philosophies, Foundations and Constructions................ 43
2.9.1 Vygotsky’s General Genetic Law of Cultural Development..................... 43
2.9.2 Bakhtin’s Notion of Social Languages ...........cccccevveririinienieninec e 45
2.9.3 Bakhtin’s Notion of Speech Genre ...........c.cceevviviriiiiniinienec e 45
2.9.4 Science Learning in VygotsKian SENSE..........ccoovirieiereneneseseseeieeene 46
2.9.5 Science Teaching in Vygotskian SENSE ..........cccoveveierenenenesesieieeene 48
2.9.6 Learning Demand .........cccooviiiiiiiieiee e 50
2.9.7 Identifying Learning DemMaNnd..........cccooeiiniiininieieeese e 51
2.10 Levels of Learning Demand and Teacher Preparation for the ABI Approach52
2.11 Conducting Teaching Sequences and ABI Approach ...........c.ccocevvvinenienen, 55
2.12 Teacher DISCUISIVE ROIES ........c.ooieiieieiie e 56
2.12.1 Four Classes of Communicative APProach ..........ccccceeevereneneninsienneennn 58
2.13 Teacher Discursive Roles and Learner Cognition............cccccvevevveivececiennnn, 69
2.13.1 Sociocultural Perspective as Interthinking and Reflexivity.................... 69
2.13.2 Dependencies of Discourse and Cognition...........cccccevevveveiieseeseeneenen, 72
2.13.3 Dependency Analysis by Sequencing Discursive Interactions within
Cased-Based EPISOUES ......cccveiieiiciececste ettt 73
2.13.4 Dependency Analysis by Counting the Number of Teachers’ and
Students” ULEIANCES ..veeovvvreeeiiiieeeiiiieeeesiieee e s sieee e e ssssree e e ssree e e e snsaeeessnsneeesnnsneeas 75
2.13.5 Dependency Analysis by Sequential Analysis Methods.............ccccue..... 81
S.METHODOLOGY ...ttt ettt et e e ne e e e nee e ennaeeenes 85
3L INEOTUCTION ..ttt neenne s 85



3.2 RESEAICH DESION ...ttt enes 86

3.2.1 PartiCIPANTS.....c.eeiiieieiie ettt et e e nne e nnes 87
3.3 RESLAICH CONEXT ... .civiiiiiiiiieie e 88
3.3, L THE SCROOI ... s 88
3.3.2 Te ClaSSI00M ..ot bbb 89
3.3.3 The Project and Familiarizing the Teachers to the ABI ..........ccccevvvenene. 89
3.3.4 Context of the Study: Science Content and ABI Implementation.............. 92
3.4 Implementations of the ABI ACHVILIES..........cccooiiiiiiiiieiee e 95
3.5 Data ColleCtion ProCEAUIES .........cceiieiiiie e 98
3.5.1 ClaSSIO0M VIABO ......ccveiueeiieiiesieeie et e sie ettt nee e sae e nnes 98
3.5.2 Secondary Data Sources and Rationalities ..........ccccoovvvvereiiennnnesiennnn 101
3.5. 2.1 FIBIO NOES ..ottt nne s 103
3.5.2.2 Member Check Teacher INterview ...........ccocveverieiveie e 105

3.6 DAta ANAIYSIS.....ctiiiiiiieiieiee s 108
3.6.1 Types Of Data ANAIYSIS .......ciiiieieierieiesesies s 108
3.6.1.1 Sociocultural DiSCourse ANalYSIS.........ccuveiereneneneneneseseeeeeeees 108
3.6.1.2 Selective Data Coding (ANalySiS) .......ccceiveiiiieiiiiiercseeeeeeees 112
3.6.2 Data Analysis PrOCEAUIES .........c.ccveiueiieie e sie e eie e ste e 113
3.6.2.1 LeVel-1 ANGAIYSIS ...cc.ooivieiiceeece e 115
3.6.2.2 LeVel-2 ANGAIYSIS ......cooviiieiiece e 119
3.6.2.3 LeVel-3 ANAIYSIS ....c.ooiviiiiiiece e 126
3.6.2.4 LeVel-4 ANAIYSIS .......oovviiiiece e 130
3.6.2.5 LeVel-5 ANAIYSIS ....c.ooovieiiiiece e 133
3.6.3 Analysis of Secondary Data............ccccovveiieiiiieiiece e 139
3.7 Trustworthiness of the StUAY ...........ccccveiiiicii e 139
3.7.1 Credibility of the StUdY.........ccccoviiiiece e 140
3.7.2 Transferability of the Study .........cccccoeeiiiiie e, 142
3.7.3 Dependability of the Study ..........cccceeviiiiiii e, 142
3.8 Summary of the Chapter.........cocoiiiiiii e 144
AFINDINGS ..ottt sttt e et st seer s 146

Xiv



0 [0 (oo [ To3 £ o] o IN R 146

4.2 First Research Question and Related Findings..........c.cccovvevviieviieve e, 147
4.2.1 Teacher Gives Information and Evaluates the Ideas ..............cccceevenenenn. 149
4.2.2 Teacher Pools, Summarizes and Consolidates the Ideas..............ccco...... 151
4.2.3 Teacher Clarifies, Elaborates and Probes the Ideas.............ccocovvvveeeneen. 153
4.2.4 Teacher Focuses Learners on Focal Aspects of and Encourages Monitoring
t0 Classroom DiSCUISIVE EVENTS .........cccoiiiiiiiiiinieiee e 156
4.2.5 Teacher Conducts Reflective DISCOUISE ........covvvveriererienesisiseeieeeen, 158

4.2.6 Teacher Models Aspects of Processes of Science and Speech Genres.... 161

4.2.7 Teacher Acts as Challenger and Seeks for Justified Reasoning.............. 163
4.2.8 Teacher Creates an Intellectually Comfortable Classroom Atmosphere. 165
4.3 Second Research Question and Related FIndings ..........cccoooeveniiiniicienne 168
4.4 Third Research Question and Related FINAINGS .......cccoovveniienininiiieie 178
4.5 Fourth Research Question and Related FINdings ........ccccocovevininininiciene, 186
4.6 Fifth Research Question and Related FINdiNgS ........ccccovieniienininiiciee 192

4.7 Findings from Secondary Data Analysis Regarding the Relations between the
Teacher Discursive Roles and the Students’ Cognitions...........ccccevveririvennennnnn. 200

4.7.1 Data-based Classification of the ABI Implementations regarding Students’
Cognitions for EpiSOde ANAIYSIS .......ccveiiieiieieiie e 204

4.8 Episode Analysis for Teacher Gives Information and Evaluates the Ideas.... 209
4.9 Episode Analysis for Teacher Clarifies, Elaborates and Probes the Ideas..... 216

4.10 Episode Analysis for Teacher Focuses Learners on Focal Aspects of and

Encourages Monitoring To Classroom Discursive EVENtS...........cccevevverviiennnn. 218
4.11 Episode Analysis for Teacher Conducts Reflective Discourse.................... 221
4.11.1 General Summary of the Findings Obtained from Secondary Data
AANBIYSIS ettt 246
4.12 SUMMArY OF FINAINGS ....oovviiiiiiiieieeiee e 250
B.DISCUSSION ..ottt sttt st enaens 256
T8 A 11 0o 104 £ o o USSR 256
5.2 The Teacher Played Out a Wide Range of Discursive Roles.............ccccoeuee. 257
5.3 The Teacher Gives Information and Evaluates the Ideas.............cc.ccevrvennnne. 266
5.4 Teacher Conducts Reflective DIiSCOUISE. ........cccuririreiieiieie et 270

XV



5.5 Presence or Absence of Authentic Cognitive Conflictions of the Students ... 275

5.6 Implications for Teachers, Teaching and Professional Development of

TRACKIEIS ...ttt 279
5.7 Limitations of This Research and Implications for Future Research ............. 281
REFERENGCES ... ..ottt e e na e e anae e 284
APPENDICES . ...ttt 308

APPENDIX-B THE MEMBER CHECK TEACHER INTERVIEW PROTOCOL 315

APPENDIX-C TRANSLATIONS OF THE EXCERPTS IN THE TEXT FOR
STUDENTS Lot b e nne s 318

APPENDIX-D TRANSLATIONS OF THE EXCERPTS IN THE TEXT FOR

TEACHER ..ottt s st 339
APPENDIX-E CURRICULUM VITAE.......coioieeereeeeieeeeeeeeesese s 341
APPENDIX-F TURKCE OZET ....cocvuitieieeeeesee ettt 344
APPENDIX-G TEZ FOTOKOPISI IZIN FORMU ........ccccoviviiriiieisicssieie s 370

XVi



LIST OF TABLES

TABLES

Table 1. Contributions of Engagement in Argumentation...........ccocevveveneeneniennen. 32
Table 2. Teacher and Student Template of the ABI*........c.ccoeeviiiiiiieciccee e, 38
Table 3. Related Studies of the ABI APProach............cccevvieeieiieieece e 42
Table 4. Four Classes of Communicative Approaches.........cccccovevvveveivieiieieeiennn, 58
Table 5. Categorization of Teacher Discursive ROIES...........ccoccvvviiiiiienieiiieicsie e 63

Table 6. Summary of the Studies of Dependency Analysis by Sequencing Discursive
Interactions within Cased-Based EPISOUE..........cccecveiierieiie i 74
Table 7. Summary of Studies of the Dependency Analysis by Counting the Number
of Teachers’ and Students’ UEIanCeS.........couveirvereiireeeiiieeesieeesieeesireesseeesssneesnseeeenns 77
Table 8. Summary of the Studies of the Dependency Analysis by Sequential Analysis

IMIBENOUS ... bbbttt bbb 82
Table 9. Instructional Units for ABI Implementation Science Curriculum............... 93
Table 10. Details Regarding Primary Data Source as Classroom Video................... 99
Table 11. Details Regarding Secondary Data SOUICES .........ccocveervreeiieerirsieneeneenn, 100
Table 12. Purposes of Secondary Data SOUICES.........ccccvevieeieieeie e, 102

Table 13. Sections of the Field Notes Associated with the ABI Implementations.. 104
Table 14. Sections, Contents and the Descriptions for the Member Check Teacher

LT T SRS 107
Table 15. Stages, Activities, Goals of Data Analysis Procedures..............cccccueene.e. 116
Table 16. Higher Order Themes and Examples Codes of Teacher Discursive Roles
.................................................................................................................................. 118
Table 17. Codes and Example Utterance of Pattern of Interaction.......................... 120

Table 18. The Syntacto-Semantic Complexity of Student-led Responses, SOLO .. 122

Table 19. Cognitive Pathways of Student-led ReSPONSES.........ccevvvviiveiieiiiiciieenne, 128
Table 20. Reasoning Typologies of Student-led ReSpPONSES .........cccccvvvveriveierieennnnn, 133
Table 21. Argument Structures of the Student-based Responses ...........c.ccocvveenne. 138
Table 22. Depictions and Strategies for Providing Trustworthiness................c....... 140

XVii


file:///C:/Users/YILMAZSOYSAL/Desktop/A-YILMAZSOYSAL_COPY%20OF%20THESIS%20RESEARCH_24.05.2017.docx%23_Toc483385740

Table 23. Percentages of the Higher Order Categories of Teacher Discursive Roles

Table 24. Excerpts of Teacher Discursive Roles Consisting Teacher Gives
Information and Evaluates the 1deas ..........ccooveeiiriieie i 150
Table 25. Excerpts of Teacher Discursive Roles Consisting Teacher Pools,
Summarizes and Consolidates the 1deas .........ccccevvreriiiiininee e, 152
Table 26. Excerpts of Teacher Discursive Roles Consisting Teacher Clarifies,
Elaborates and Probes the 1AaS ...........cueviieiiiiiene s 154
Table 27. Excerpts of Teacher Discursive Roles Consisting Teacher Focuses
Learners on Focal Aspects of and Encourages Monitoring to Classroom Discursive
B NS < e 156
Table 28. Excerpts of Teacher Discursive Roles Consisting Teacher Conducts
RETIECTIVE DISCOUISE ..ottt sttt eneenne e e e 159
Table 29. Excerpts of Teacher Discursive Roles Consisting Teacher Models Aspects
of Processes of Science and SPeech GeNres...........cccvevveveieeie s 162

Table 30. Excerpts of Teacher Discursive Roles Consisting Teacher Acts as

Challenger and Seeks for Justified REaSONING .........ccoerireririieieiese e, 164
Table 31. Excerpts of Teacher Discursive Roles Consisting Teacher Creates an
Intellectually Comfortable Classroom AtmOoSpPhere.........cccccvevveieieececie e 167
Table 32. Excerpts of the Patterns of Interactions ............ccccocovvveviveiiiiciiccece, 170
Table 33. Excerpts of the Pre-Structural, Uni-Structural and Multi-Structural
Contributions OF the STUAENTS ..........cooviiiiiee e 174
Table 34. Excerpts of the Relational and Extended Abstract Contributions of the
R3] (00 (=] o1 £ PRPRPR 175

Table 35. Excerpts of the Student-based Cognitive Contributions in terms of
PErCEPLION LEVEIS ..ottt ne e e 179
Table 36. Excerpts of the Student-based Cognitive Contributions in terms of
CONCEPLION LEVEIS ...ttt ra e enee s 179
Table 37. Excerpts of the Student-based Cognitive Contributions in terms of
ADSITACTION LEVEIS.... oo enes 182

XViii



Table 38. Excerpts of the Student-based Cognitive Contributions in terms of

DISPOSITIONS ...ttt et e e st e e et esre et e ereesra e teeneenreas 184
Table 39. Excerpts of the Student-based Contributions in terms of Unsupported and
Data-hased REASONING .......cciuiiirieiie ettt sttt e e e teebesneenreas 187
Table 40. Excerpts of the Student-based Contributions in terms of Evidence-based
and Rule-based REASONING ........c.ccveiieiieiiesie et 188
Table 41. Excerpts of the Student-based Contributions in terms of Level-I and Level-
T ATQUMENT STFUCTUIES.....eeieieiie ettt e e enbee e 194
Table 42. Excerpts of the Student-based Contributions in terms of Level-Ill and
Level-1V Argument STIUCLUIES. ........couiiiieieierie et 195
Table 43. Selection of Teacher Discursive Roles for Episode Analysis.................. 201

Table 44. The Comparative Representations of the ABI Implementations in terms of
student-led cognitive CONTIDULIONS .........ooviiiiiiie e 206
Table 45. Qualitative Comparison of the Uses of Teacher Gives Information and
Evaluates the 1dEaS.........ccviieiiiee e s 211
Table 46. Qualitative Comparison of the Uses of Teacher Clarifies, Elaborates and
Probes the TUBAS.......cceeieeie et enes 218
Table 47. Qualitative Comparison of the Uses of Teacher Focuses Learners on Focal
Aspects of and Encourages Monitoring To Classroom Discursive Events ............. 220
Table 48. Comparative Representation of the Occurrences of Throws and Asks for
EVAlUALION ROIE ..o 222
Table 49. Qualitative Comparison of the Uses of Teacher Throws the Responsibility
of Learning Back to the STUAENtS...........cccoeviiiiiiciecc e, 224
Table 50. A Comparative Episode Analysis of the Distinctive Instructional Usages of
ASK FOr EValuation ROIE..........ccoiiieir et 227
Table 51. Qualitative Comparison of the Uses of Teacher Asks for Evaluation..... 231
Table 52. Different Uses of Asks for Evaluation Role across the ABI
IMPIEMENTALIONS ... eiiiieeiee e e et e e saeeenes 239
Table 53. Four Dimensions of the Revealed Teacher Discursive Roles for ABI
IMPIEMENTALIONS ... 262

XiX


file:///C:/Users/YILMAZSOYSAL/Desktop/A-YILMAZSOYSAL_COPY%20OF%20THESIS%20RESEARCH_24.05.2017.docx%23_Toc483385786

LIST OF FIGURES

FIGURES

Figure 1. Steps of the Teacher Preparation for the ABI Activities..............ccccenneee. 94
Figure 2. Intertwined Phases of the ABI Implementations ...........c.cccccveveiiveieiinennen, 96
Figure 3. Implementations of the 22 ABI Activities in Class A and Class B .......... 101
Figure 4. Types of Data Analysis and Coding ..........cccovveveiiiiiiene i 109
Figure 5. Toulmin Argument Pattern* and Its Related Components....................... 135
Figure 6. Diagrammatic Summary of the Chapter Three.......cc.coccoviiiiiicncnnn, 145

Figure 7. Comparison of the Types of Teacher Discursive Roles in ABI
Implementations across Different Science Content ...........cccccocveveveeveciececce e 149
Figure 8. Percentages of Occurrences of Patterns of Interaction across the ABI
IMPIEMENTALTIONS ... 171
Figure 9. Percentages of the Occurrences of the Student-based Cognitive
Contributions in terms of Syntacto Semantic Complexity (SOLO)..........ccccceevenen. 177
Figure 10. Percentages of the Occurrences of the Student-based Contributions in
terms of Cognitive PAtNWAYS..........cccoiiiiiiiieie s 185
Figure 11. Percentages of the Occurrences of the Student-based Contributions in
terms of Reasoning Typologies across the ABI Implementations..............c.cccocu...... 191
Figure 12. The Percentages of the Occurrences of the Student-based Contributions in
terms of Argument Structures across the ABI Implementations..............cccceceeenne. 199
Figure 13. Representation of the Revealed Threshold Model..............cccccoeveinennnen. 207
Figure 14. Decisions about the Quantitative and the Quantitative Nuances of the
Teacher Discursive Roles Affecting the Students’ Cognitions............ccocvervrnneene 208
Figure 15. Quantitative Shifts for the Occurrences of Teacher Gives Information and
EValuates the 1HEAS .......ccviieieeece e e 210
Figure 16. Quantitative Shifts for the Occurrences of Teacher Clarifies, Elaborates
aNd Probes the TUBAS .......cuviie et nne s 217
Figure 17. Quantitative Shifts for the Occurrences of Teacher Focuses Learners on

Focal Aspects of and Encourages Monitoring To Classroom Discursive Events....219

XX



Figure 18. Comparative Percentages of the Occurrences of Throws and Asks for
EValuation ROIES ......cc.oiiiiiieieee s 222
Figure 19. Quantitative Shifts for the Occurrences of Teacher Conducts Reflective
D oo U] £ SRRSO 223
Figure 20. Comparative Representation of Different Uses of Asks for Evaluation

Role across the ABI IMplementations...........cccooviieiiere e 240
Figure 21. General Summary of the FINdiNgS.........cccociviiiiiievicic e 254
Figure 22. Cyclic Phases of an ABI Implementation.............ccccoecevvvevviieieveenene 259

XXi


file:///C:/Users/YILMAZSOYSAL/Desktop/A-YILMAZSOYSAL_COPY%20OF%20THESIS%20RESEARCH_24.05.2017.docx%23_Toc483387365

ABI
SDA
sSDC
SOLO
RQ
ATBO

LIST OF ABBREVATIONS

Argument-based Inquiry

Sociocultural Discourse Analysis

Selective Data Coding

The Structure of Observed Learning Outcomes
Research question

Argiiman-Temelli Bilim Ogretimi

XXii



CHAPTER 1

INTRODUCTION

1.1 A Brief Introduction

Teachers’ teaching designs (Brown & Clement 1991; McDermott & Somers 1991,
Viennot & Rainson, 1999) have been attached importance in terms of effective
science instruction according to scholars, internationally known communities and
organizations (Ball, 1990; Bell & Gilbert, 1996; National Research Council, [NRC],
1996, Organization for Economic Co-operation and Development [OECD], 2009a,
2009b; Putnam & Borko, 1996; Fullan, 2000; Hoban, 2002). One of the teaching
designs can be framed as argument-based inquiry activities (Keys, Hand, Prain, &
Collins, 1999) in which argumentation activities (Erduran, Simon, & Osborne, 2004;
Osborne, Erduran, & Simon, 2004; Simon, Erduran, & Osborne, 2006), inquiry-
based teaching practices (Cavagnetto, 2010; Cavagnetto & Hand, 2012; Cavagnetto,
Hand, & Norton-Meier, 2010; Prain & Hand, 1996) and sociolinguistic approaches
(Leach & Scott 1995, 2000, 2002; Mortimer & Scott, 2003) are combined. Based on
mentioned three frames, one may reach the Argument-based Inquiry (ABI) teaching
practices in the intersection of inquiry, argumentation and language. Most recently,
researchers have been emphasized that these teaching practices are considered as
comprehensive and learner-centered science teaching practices in science classrooms
(Cavagnetto, 2010; Cavagnetto & Hand, 2012; Cavagnetto, Hand, & Norton-Meier,
2010).

In order to intersect inquiry, argumentation and language within teaching sequences,
teachers have been required to play out several specific discursive roles that are
crucial in augmenting the dominative voice of students (Martin & Hand, 2009;
McNeill & Pimentel, 2010), enhancing students’ cognitive capabilities (Chin, 2007,

van Booven, 2015), and improving students’ reasoning and argument quality (Martin
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& Hand, 2009; McNeill & Pimentel, 2010; van Booven, 2015). Accordingly,
scholars supported the idea that there may be a concrete linkage between teachers’
discursive roles and students’ cognition (Carlsen, 1991; Lefstein, Snell, & Israeli,
2015; Mercer, 1995; Molinari, Mameli, & Gnisci, 2013). The current study therefore
aims exploring the types of the teacher discursive roles played out during ABI
activities in addition to discursive roles’ influences on the students’ intellectual
contributions to the classroom discourse, reasoning typologies, argument quality and
cognitive pathways. In this sense, first, the ABI approach is introduced; then,

research questions of the study are specified and justified.

1.2 Argument-based Inquiry (ABI)

Argument based inquiry (ABI) approach was utilized as a teaching environment in
this study. ABI is an approach to teach science concepts in the intersection of
argumentation, inquiry and language. In this section, first, ABI approach was
summarized and then the implementing argumentation, inquiry and language
together in ABI approach were presented. In the first place argumentation
perspective was explained in ABI, then inquiry perspective was integrated to further
explanations to better visualize ABI. Finally, language perspective was embedded
within the ABI approach to finalize the triadic structure of the mentioned

intersection.

1.3 ABI and Argumentation Perspective

Argumentation signifies any piece of reasoned discourse as a learner expresses a
point of view in order to develop an argument (Billig, 1987; Jimenez-Alexiandre &
Erduran, 2008; Kuhn, 1993). For actualizing argumentation; comparing, negotiating,
challenging and contrasting alternative points of views of other learners are crucial
(Berland & Reiser, 2011; Chin & Osborne, 2010; Kuhn, 1992, 1993). In the
literature, there are three acknowledged types of teaching activities through

argumentation (Cavagnetto, 2010). These are socio-scientific approach, structure
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approach and immersion approach (Cavagnetto, 2010). The first is immersion
approach in which there should be embedded elements of argument in science for
learning scientific argumentation (Clark & Sampson, 2007; Hand & Keys, 1999;
Keogh & Naylor, 1999). The second orientation is structure that refers to acquiring
the basic structure of an argument in order to learn and apply scientific argument
(Erduran, Simon, & Osborne, 2004; Osborne, Erduran, & Simon, 2004; Simon,
Erduran, & Osborne, 2006). The last orientation is socioscientific inferring
experiencing the inherent interaction between science and society to learn scientific
argumentation (Fowler, Zeidler, & Sadler, 2009; Sadler, Chambers, & Zeidler,
2004). In this study immersion approach was chosen to achieve ABI.

Even though there is a diversity regarding orientations toward learning scientific
argumentation, there has been also a heated debate when it comes to determine more
relevant approach to engage students in scientific argumentation. This debate has
been maintained between the proponents of structure approach and immersion
approach. In terms of structure approach, Halliday and Martin (1993) advocated the
idea that students first learn the structure of scientific argumentation before doing
science. In other words, Halliday and Martin (1993) acclaimed a priority or an order
between language and learning science. To be clear, students have to learn language
of science or linguistic frame of a scientific argument (e.g., Toulmin Argument
Pattern, 1958) prior to learning science. Frame of a scientific argument stands for the
structural components of an argument such as claim, data and warrant (Toulmin,
1958). Halliday and Martin’s (1993) arguments describes and advocates the structure

approach.

On the contrary to above understanding, in terms of immersion approach, Gee
(2004), a Vygostkian sociolinguist, argued that there should not be isolation between
the learning of language of science and science learning. According to Gee (2004),
language of science cannot be considered just as a communication tool, since; it
(language of science) is the way of the production of scientific arguments. Gee

(2004) points to intimate relation between the thought and language as it supports the
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fact that learning science amounts to learning language of science (Scott, 1997,
Vygotsky, 1962, 1978, 1981); so learning how to use the language of linguistic
frames cannot be separated from learning or constructing scientific arguments (Hand
& Prain, 2006; Klein, 2006). Gee’s (2007) arguments defines and advocates the

immersion approach.

In terms of the reflections of the structure approach to classroom site, the proponents
(Oshorne, et al. 2004; Simon, et al. 2006) of the structure approach are of the idea
that the structural frames of an argument (data, claim, warrant, and rebuttal) must be
learnt and internalized prior to producing scientific arguments (Halliday & Martin,
1993; Osborne, et al., 2004; Simon, et al., 2006). From this perspective, first, the
argument structure must be mastered, therefore is the focus. The structure approach
focuses the central role of acquisition of structural components of an argument

before constructing the argument.

This reflection differs from the lens of the proponents of immersion approach. In
other words, argument or embedded elements of argument structures appears to be a
product of inquiry rather than a means of inquiry that implies the mediation of
language is not focused (Cavagnetto, 2010; Cavagnetto & Hand, 2012; Cavagnetto,
Hand, & Norton-Meier, 2010; Prain & Hand, 1996). In terms of science and science
learning, language of science is not just a communication tool of acquiring scientific
concepts; however, it is the basic purpose of constructing scientific concepts. Also, in
this study, as mentioned later, learning scientific concepts is conceived as learning
the uniquely and specifically constructed language of science as supported by the

proponents of immersion approach.

To sum up, in this study, argumentation aspect of the ABI implies that learners make
knowledge claims, provide evidences for those claims, and critique those same
claims and evidences by means of several communicative modes such as listening,

writing and talking. Argumentation aspect of the ABI therefore focuses embedded



elements of arguments in generating knowledge claims by the aid of inquiry

perspective and language perspective.

1.4 ABI and Inquiry Perspective

In immersion approach, as Prain and Hand (1996) asserted that pieces of argument
should be embedded in instructional contexts in which students use the embedded
elements of argument as a critical tool of building understanding scientific concepts.
According to immersion orientation proponents, while students perform research
activities similar to real scientists, they are involved in constructing their
understanding around an argument framework (Cavagnetto, 2010; Cavagnetto &
Hand, 2012; Cavagnetto, Hand, & Norton-Meier, 2010; Prain & Hand, 1996). In
other words, when students make their authentic research activities, they produce
their own arguments from the research activities. In this sense, students are active
participants of the research activities by generating their own questions, making
intellectual contributions to the classroom discourse, collecting, analyzing and
interpreting data, creating evidences, involving in social negotiations of meaning
with other, and so forth. These are basic of classroom inquiry (Hofstein, Shore &
Kipnis, 2004; Hofstein, Navon, Kipnis, Mamlok-Naaman, 2005; Keys & Bryan,
2001; Maskiewicz & Winters, 2012; van der Valk & de Jong, 2009).

In this sense, inquiry aspect considerably associates to the argumentation aspect. To
illuminate, while students perform inquiry procedures, they are also permitted to
construct their understanding around an argument framework (Cavagnetto, 2010;
Cavagnetto & Hand, 2012; Cavagnetto, Hand, & Norton-Meier, 2010; Prain & Hand,
1996). In ABI approach, with inquiry activities, students must undertake data
collection, analysis and interpretation processes of how they have to construct their
argumentations about a research question they posed and explored (Cavagnetto,
2010; Cavagnetto & Hand, 2012). It implies that, for the sake of students, being
engaged in argumentation processes is not sufficient to produce scientific

explanations. In an argumentative manner, students may pose claims, justifications,
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warrants, counter-arguments and rebuttals. However, it may be more authentic in
terms of science learning when students construct their arguments in a data-based
and evidence-based manner (Cavagnetto, 2010; Ford, 2008; Gunel, 2006; Hand &
Prain, 2006; Hand & Keys, 1999). When students gather, analyze and interpret data,
they construct their own claims, justifications, warrants, counter-arguments and
rebuttals that are specific to their learning groups. Put it differently, student-led
arguments do not exist until they create them over the courses of inquiry procedures
by means of the ABI (Cavagnetto, 2010; Cavagnetto & Hand, 2012).

1.5 ABDI’s in-class Reflections for the Inquiry Activities

As mentioned, ABI approach deals with engaging students in inquiry-based science
activities by allowing them to derive data-based and evidence-based arguments
through data collection, analysis and interpretation (Cavagnetto, 2010; Cavagnetto &
Hand, 2012; Cavagnetto, Hand, & Norton-Meier, 2010). There are ways of
actualizing immersion approaches (e.g., ABI) in classrooms. One of these
approaches is ABI as an immersion experience (Cavagnetto, 2010; Cavagnetto &
Hand, 2012; Cavagnetto, Hand, & Norton-Meier, 2010; Keys, Hand, Prain, &
Collins, 1999). ABI is generally used by researchers to activate students to do their
own inquiries around an argument framework they developed (Akkus, Gunel &
Hand, 2007; Gunel, 2006; Hand & Keys, 1999; Prain & Hand, 1996). The ABI
approach provides teachers and learners a heuristic thinking template to guide an
inquiry-based activity and their reasoning about scientific concepts. In terms of
classroom discourse, a teacher and his or her students may engage in reasoning
cycles in which students discover their own research questions, they pose their own
claims and they have to generate their evidences by means of the immersed ABI

activities.

Actually, in an ABI activity, teachers should put forward students’ everyday social
languages by not criticizing them, but, teachers have to detect the fallacies of

students’ thought processes, and then make these fallacies available for all class
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during instruction to initiate a whole group negotiation of meaning. When students
understand and acknowledge that their everyday conceptualizations and reasoning
are not sufficient in dealing with and resolving conflictions in their mind, they feel
themselves to apply to collect, analyze and interpret data. Mentioned cognitive
conflictions of students can be conceptual (e.g., “If I drop different masses that they
have same volume, which one reaches the ground first?”), epistemological (e.g.,
“Why it is more reliable and valid to add other variables while generating a research
question?””) or ontological (e.g., “Do we have genes or the genes are biochemical
processes?” or “which one is transferred: heat or temperature?”’). Before this,
teachers should lead students to pose researchable, significant and distinctive
research questions to guide them to a meaningful and illuminating data collection,
analysis and interpretation procedures (Cavagnetto, 2010; Cavagnetto & Hand, 2012;
Cavagnetto, Hand, & Norton-Meier, 2010; Keys, Hand, Prain, & Collins, 1999). As a
whole, one of the most important ways of implementing a ABI activity is to create a
learning environment in which distinctive research questions are explored by
students. To illuminate, this may give teachers more opportunities to proliferate the
social negotiation of meaning across the diverse research questions (Cavagnetto,
2010; Cavagnetto & Hand, 2012; Cavagnetto, Hand, & Norton-Meier, 2010).

1.6 ABI and Language Perspective

Language aspect of this study also associates other two related aspects (i.e.,
argumentation and inquiry) and is located in the center of intersection. To our
knowledge, both argumentation and inquiry are the core conceptual, epistemological
and practical tools of scientist and science itself (Kuhn, 1992, 1993; Newton, Driver,
& Osborne, 1999; Wenger, 1993). Argumentation and inquiry have been also
familiar teaching concepts guiding teaching approaches or methods in science
classrooms (Cavagnetto, 2010; Hand & Keys, 1999; Hand & Prain, 2006; Gunel,
2006; Wallace, et al. 2004). In terms of linguistic perspective, however, there are
differences for the ways of thinking and talking between scientists and learners

(Leach & Scott 1995, 2000, 2002; Mortimer & Scott, 2003, Scott 1997, 1998). In a
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brief sense, scientists and learners have different thinking systems that determine
their ways of talking. In Vygotskian context, this implies an intimate relation

between thought and language.

In terms of science learning, Vygotsky (1987) defined two distinctive thematic
contents: (1)spontaneous concepts involving learners’ reasoning mostly without
conscious and (2)scientific concepts as scientists’ process views. Vygotsky (1978)
claimed that “spontaneous concepts are developed through everyday experience and
communication and are formed aside from any process aimed specifically at
mastering them” (Scott, 1997, p. 16). However, scientific concepts of learners are
enhanced by means of true instruction as “the birth of the scientific concept begins
not with an immediate encounter with things but with a mediated relationship to the
object” (Vygotsky 1987, p. 219). Based on this argument, Scott (1997, 1998) defined
three social languages: everyday social languages of learners, social languages of

scientists, social languages of school science.

Everyday social languages of learners are described as their spontaneous concepts.
These are used by learners to explain the events that occur around them. Learners,
for instance, presume that “plants feed from soil”. Since a learner has observed the
plants are in the soil and when s/he adds to soil some nutrients such as water, with its
roots, the plants take them and grow up. A statement like “plants feed from soil” is a
misconception or alternative conception of a learner. In this sense, alternative
conceptions can be seen equal to spontaneous conceptions as the basis of everyday
social languages of the learners. However, in Vygotskian sense, alternative is not
exactly matched with spontaneous (Vygotsky, 1978, 1987). To illustrate, scientists
have their specific ways of thinking and talking styles for their specific purposes in
generating scientific knowledge. For this example, an expert in plant physiology
explains the feeding of plants by photosynthesis as an array of chemical processes
and equations. Thus, scientists’ different ways of thinking and talking are alternative
to learners’ everyday thinking and talking (Leach & Scott, 2002; Vygotsky, 1987).

This also confirms that learners have their own everyday social languages or thinking
8



and talking styles in explaining the events occurred around them. The everyday

social languages of learners are also alternative to scientists’ social languages.

In this context, language aspect defines when students appropriate another language,
for instance, scientific terminology (Leach & Scott 1995, 2000, 2002; Mortimer &
Scott, 2003, Scott 1997, 1998). In this study, appropriating another language
describes learning phenomena or learning scientific concepts (Scott, 1997, 1998;
Vygotsky, 1962, 1978). In a sociolinguistic manner, teachers should consider
student-led arguments, ideas, opinions, sayings and scientists’ formalized
explanations when guiding students in abandoning their everyday languages that
have less explanatory power compare to science concepts (Scott & Mortimer, 2002,
2003; Scott, Mortimer, & Aguiar, 2006). However, teachers should also start their
teaching activities by considering students’ everyday languages or concepts when
transforming them into more formal ones as scientific concepts (Leach & Scott,
1995, 2000, 2002).

In terms of this study, language aspect may also be illuminative why a teacher should
use both dialogic and monologic roles in classrooms. Dialogic roles are necessary to
ascertain student-led and mostly naive ideas of phenomenon (Mortimer & Scott,
2003; Scott, Mortimer, & Aguiar, 2006). Monologic roles are also essential when it
comes to appropriate other language that scientist use. Therefore, there must be a
linguistic order or transition from learners’ languages to scientists’ languages

(Bakhtin, 1986; Bruner, 1985, 1990).

In sum, this study explores both monologic and dialogic discursive roles. In a
particular sense, the emergences and occurrences of teacher discursive roles
(monologic and dialogic ones) were investigated in an intersection of three aspects of
science classrooms: argumentation, inquiry and language. Thus, this study was
dedicated to show how a teacher uses her specific discursive roles to shift students’
thinking and talking systems in a sociolinguistic sense. How teachers’ discursive

roles modify this shifting or transition is explained below.
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1.7 Teacher Discursive Roles and ABI Approach

In classrooms teachers have discursive roles in order to attain effective teaching
activities by the ABI. Teacher discursive roles can be seen as verbalizations,
gestures, intonations, mimics or positioning in the classroom (Chin, 2006, 2007).
Teacher discursive roles help teachers’ pedagogical attempts to guide learners for
meaning making (Lemke, 1990; Mortimer & Scott, 2003). In other words, teacher
discursive roles refer to a communicative tool which helps students for meaning
making of concepts in science classrooms (Leach & Scott, 2002; Scott, 1998).

To be clear, teacher discursive roles can be described as all actions and behaviors of
teachers used in implementing teaching activities. These actions and behaviors help
students to attain in meaningful learning of concepts (Leach & Scott, 2002; Scott,
1997, 1998). Teacher discursive roles can be seen in both teacher-centered and
student-centered teaching approaches. (Edwards & Mercer, 1987; Lemke, 1990;
Chin, 2007; McMahon, 2012). A teacher may play out more teacher-centered (more
monologic) and/or more learner-centered (more dialogic) discursive roles to attain
students to the goals of the activity. Recent studies reported the fact that for an
effective science teaching activity both monologic and dialogic roles should be

essentially played out by teachers (Scott, Mortimer and Aguiar, 2006).

As mentioned above, teacher discursive roles can be categorized within two aspects:
monologic roles and dialogic roles. Monologic roles refer to teacher discursive roles
that teachers do not permit students to contribute to classroom conversations
(Candela, 2005; Chin, 2006, 2007; Mameli & Molinari, 2013; Myhill, 2006;
Lefstein, 2008; Lin, 2007; Lyle, 2008). Monologic roles may be emerged when
teachers give information and evaluate the students’ ideas against the canonical
knowledge of science (Edwards & Mercer, 1987; Lemke, 1990; Chin, 2007;
McMahon, 2012). In addition, teachers may pool, summarize and consolidate the
ideas that those were previously negotiated during lecture (e.g., van Booven, 2015;
Oh & Campbell, 2013; Louca, Zacharia, & Tzialli, 2012). Dialogic roles include

teacher discursive roles that a teacher uses to facilitate students’ verbal interactions
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and intellectual contributions to the classroom conversations and shared and common
knowledge (Burns & Myhill, 2004; Mercer, 2010; Mortimer & Scott, 2003) Dialogic
teacher discursive roles may be clarification, elaboration and probing learners’ ideas
(Pimentel & McNeill, 2013; Ogborn et al. 1996; Leach & Scott, 2002; Mortimer &
Scott, 2003; van Zee & Minstrell, 1997a). Teachers may also focus learners on focal
aspects of activity and encourage them to monitor the classroom events
(Christodoulou & Osborne, 2014; van Zee & Minstrell, 1997a). Teacher dialogic
discursive roles may also be reflective discourse by throwing the responsibility of
thinking back to the students (van Zee & Minstrell, 1997b; Crawford, 2000; Pimentel
& McNeill, 2013) and engaging students to put the legitimizations of the evaluation
of other’s conceptual or procedural discourse (e.g., Christodoulou & Osborne, 2014;
van Zee & Minstrell, 1997a). Additionally, teachers may act as challengers and seek
for justified reasoning showing dialogic teacher discursive roles (e.g., Chin, 2006;
Christodoulou & Osborne, 2014; Jadallah et al., 2011; McMahon, 2012; Simon,
Erduran & Osborne, 2006).

In a sociolinguistic sense, learning to use the language of science (social languages
of science or scientist) and co-construction of science cannot be separated from each
other as they are inherently same (Cavagnetto, 2010; Cavagnetto & Hand, 2012;
Cavagnetto, Hand, & Norton-Meier, 2010; Prain & Hand, 1996; Wertsch, 1985,
1991, 1998). Thus, in this study the concept of science teaching was conceived as
promoting students to think (thought) and talk (language) similar to scientist in the
presence of teacher discursive roles (Leach & Scott, 1995, 2000, 2002; Scott, 1998,
1997; Scott & Mortimer, 2002).

However, it is not a simple issue for teachers to lead students to appropriate an
unfamiliar thinking and talking system. Relevant applications of some specific
discursive roles are therefore expected from teachers to lead students to use other
thinking and talking system during the ABI activities. Since, students have not a
tendency in easily accepting or appropriating a different thinking and talking system

(Engle & Conant, 2002; Lemke, 1990; Mortimer & Scott, 2003). To explain, when
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students are faced with a new idea (e.g., scientific), they may see the new idea as
belonging to others. In this sense, the purpose of teacher discursive roles can be open
up problems/conflictions/contradictions, exploring student-led opinions and
introducing the scientific story (Bakhtin, 1934; Mortimer & Scott, 2003). Over the
course of an ABI implementation, students may see the new idea as half their own
and half belonging to others. In this time, the purpose of the teacher discursive roles
is to guide students to work with the new idea and support individual internalization
(Bakhtin, 1934; Mortimer & Scott, 2003). Finally, at the end of the ABI activity,
students may consider the new idea as completely their own. The aims of the teacher
discursive role are to promote students to apply the scientific view and handing over
the responsibility for its use (Bakhtin, 1934; Mortimer & Scott, 2003).

As a whole, a teacher may support, lead and scaffold students to appropriate other
thinking and talking systems as an alternative or even a better way to explain natural
phenomena (e.g., Oliveira, 2010). In this context, a teacher must perform specialized
discursive roles in carrying students’ thought and language to different thinking and
talking systems scientist have (Mortimer & Scott, 2003; Roth, 1996; Roychoudhury
& Roth, 1996). However, there is little scholarly information which teacher
discursive roles and how a teacher uses the discursive roles to engage students in the
ABI activities (Cavagnetto, 2010; Oliveira, 2010). To sum up, in the context of this
study, teacher discursive roles were explored when the teacher guide the students to
change their everyday social languages into social languages of scientists when
learners conducted their ABI activities. Therefore, first research question of this
study was revealed as: Which types of teacher discursive roles were performed by

the teacher over the course of in class-implementations of the ABI?

1.8 Teacher Discursive Roles and Students’ Cognitions

The effects of teacher discursive roles on students’ cognition and the relations
between teacher discursive roles and students’ cognition were also explored in this

study. Students’ cognitions were examined in terms of their intellectual contributions
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to the classroom discourses that were actualized within the ABI permitting the
intersection of argumentation, inquiry and language (Cavagnetto & Hand, 2012;
Gunel, 2006; Hand & Keys, 1999). In addition to intellectual contributions of
students, their qualities were also explored in terms of cognitive pathways (Hand &
Grimberg, 2009), argumentation structure (Martin & Hand, 2009; McNeill &
Pimentel, 2010) and reasoning quality (Chin, 2006, 2007; van Booven, 2015). In a
clearer sense, this study deals with the interactions among teacher’s discursive roles

and the quantities and the qualities of students’ cognition.

Quantities of student cognition stand for to what extent the students were able to
make verbal contributions to the classroom discourse (Lefstein, 2008; Lefstein, Snell
& lIsraeli, 2015). Quantity was important since if a group of students dominate the
classroom talk by their pervasive voice, they may make intellectual contributions to
the classroom discourse (Martin & Hand, 2009; McNeill & Pimentel, 2010; Pimentel
& McNeill, 2013). However, the quality of the student talk was another issue for this
study. Since, pervasive and dominative student talk might not be an indicator of
quality classroom talk (Lefstein, 2008; Lefstein, Snell & Israeli, 2015). In other
words, quantity may not always be decisive regarding to quality of classroom talk. In
this context, one of the most important factors that arrange the relation between
quantity and quality of classroom discourse is the teacher discursive roles (Leach and
Scott, 1995, 2000, 2002; Molinari, Mameli, & Gnisci, 2013) that were deeply

explored in this study in relation to students’ cognition.

1.9 Teacher’s Discursive Roles and Students’ Cognitive Contributions to the

Classroom Discourse

Quantitative aspects of the students’ cognition refers to countable amounts of
students’ verbal contributions to the classroom discourse (Lefstein, 2008; Lefstein,
Snell & Israeli, 2015). In an implementation, students may provide short responses
that those are pitched at recall; lower order stages (Chin, 2006; 2007). These short

responses can be “Yes”, “No”, “I agree with you.” The short responses of students
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may take a few seconds to utter (Lefstein, Snell & Israeli, 2015). An augmentation in
the quantitative complexity or extension of student-led responses considerably
depends on teacher’s discursive roles (Jadallah et al., 2011; Lefstein, 2008). When a
teacher uses some specific discursive roles (i.e. probing, clarifying, elaborating,
counter-arguing, checking for evidence, prompt for evidence, monitoring, throwing
the responsibility of learning to students), students may be promoted to make more
enlarged and open-ended contributions to the classroom discourse (Lefstein, Snell &
Israeli, 2015; Molinari et al. 2013).

Aspects of enlarged and open-ended contributions of the students can be understood
by means of the analysis of patterns of interactions or exchanges that are emerged in
classroom discourse (Mortimer & Scott, 2003). To explain, the basic approach to
fragment teacher-student exchange is triadic dialogue (Mercer & Dawes, 2014)
denominated as Initiation-Response-Evaluation (IRE). In this formation of exchange,
teacher initially launches a conversation through, for instance, a question, students
then provides a response, and lastly teacher evaluation of the student’s response
occurs (Lemke 1990; Mehan 1979; Sinclair and Coulthard 1975). In the third turn
teacher may provide an evaluation as well as offer a follow-up statement or another
question, if not, give a feedback. Therefore, IRE may be changed into another format

as IRF where F stands for follow-up or feedback.

In this sense, previous scholars recommended structurally different patterns to put a
new lens to monitor teacher-student discursive interactions, for instance; Initiate-
Response-Feedback/Follow-up (Mehan, 1979; Sinclair & Coulthard, 1975);
Identification, Interpretation-Evaluation, Response (e.g. Louca, Zacharia, & Tzialli,
2012) or open-ended patterns of interaction (Mortimer & Scott, 2003). As a
consequence, IRE-based exchanges vary regarding their structural formations. To
explicate, in classroom discourse, there may be more open-ended IRE-based
exchanges (IRF, IRFRFREF...; F-move means follow-up questioning or constructive
feedback) refers to the more co-constructive teacher-student discursive interactions.

This permits more student voice in classroom discourse within a quantitative manner
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(Mortimer & Scott, 2003). However, the more solid and closed IRE-based exchanges
(displaying dominative IRE-based exchanges in classroom discourse) evoke the more
one-way transmission of knowledge inhibiting any quantitative contribution of

students to classroom discourse (Louca, Zacharia, & Tzialli, 2012).

In this sense, students may be able to consider more than one aspect of the concept
under negotiation and make relations between considered aspects for more extended
responses, in turn generalizations. The second question of the study is: Which types
of teacher discursive roles were played out by the teacher allowing enlarged
quantitative cognitive contributions of the students over the course of the ABI

implementations?

1.10 Teacher’s Discursive Roles’ Influences on Students’ Cognitive Pathways

Many scholars consider quantitative contributions of the students as the initial
imperative while exploring their cognitive contributions’ qualities. Recently, Martin
& Hand (2009), McNeill & Pimentel, (2010) and Pimentel & McNeill (2013)
reported that existing pervasive student voice through teacher discursive roles (i.e.
effective and contingent teacher questioning) may permit more contribution of
students to classroom discourse; in turn expand their cognitive operations. Main
causal inference of these three studies was that when teachers actualize probing,
clarifying, elaborating, and counter arguing, students may have more chances to
manifest their voices in contributing to classroom discourse (Hogan, et al., 1999;
Lam, et al. 2009; Martin & Hand, 2009). Accordingly, in these three studies, when
students had probabilities to put up to classroom exchanges, eventually, for instance,
their argumentations accomplished in higher stages as confirmed by other studies
(Brown, et al. 2010a, 2010b; Furtak et al., 2010; Hardy, et al. 2010; Shemwell &
Furtak, 2010). As understood, quantitative accumulation of students’ contributions
may cause a qualitative shift in their cognitive contributions to the classroom

discourse.
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In terms of qualitative contributions, previously Chin (2006) and recently van
Booven (2015) explored teacher discursive roles in related to students’ cognitions
with an analytical and fine-grained sense. They analyzed discursive couplets in an
attached sense as teacher utterances > student cognitive operations. Chin (2006)
found out that when teacher uses the evaluation move (third move of IRE-based
exchange) in a supportive way instead of evaluative manner, students may access
higher-order thinking operations as hypothesizing, evaluating, explaining, deducing,
and predicting, compare to observing or recalling as lower-order thinking operations.
Accordingly, van Booven (2015) proved that authoritative (traditional) teacher
utterances as in the forms of teacher questioning accompanied with very limited
cognitive (i.e., recalling), structural (i.e., pre-structural), and epistemological
diversity (i.e., declarative knowledge) as pupils’ cognitive operations. On the other
hand, van Booven (2015) also showed that discursive sequences (co-constructivists)
consisting dialogical teacher utterances are corresponded with very high cognitive
(i.e., explain, evaluate), structural (abstract thinking) and epistemological diversity

(strategic and procedural).

There are other studies investigating the relations between teacher discursive roles
and students’ cognitions’ qualities. According to Wells (1993), teacher may use
conventional evaluative moves (third move of IRE-based exchanges) in a more
productive and supportive ways encouraging students to contribute classroom
discourse. When evaluative moves are changed into follow-up or feedback moves,
students may be engaged in the cognitive processes of hypothesizing, evaluating,
explaining, deducing, and predicting (Edwards & Westgate, 1994). When classroom
events are dominated by pure evaluative forms of exchanges (i.e. direct affirmation,
direct rejection, affirmation and direct instruction, rejection and direct instruction),
students’ cognitive operations may be pitched at only recall or remember levels
(Edwards & Westgate, 1994; Elstgeest, 1985). Since, evaluative-based teacher
questioning of ideas is used by teachers for only capturing students’ knowledge and
understanding about the content under discussion and finally assessing their

knowledge against to canonical knowledge of science (Mehan, 1979; Lemke, 1990).
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In addition, in co-constructivists/inquiry classrooms teacher questions may be open,
serve to promote learners to undertake more cognitive responsibility for thinking
about subject, in turn students responses become more sophisticated and cohesive
(Chin, 2006; Mortimer, 1998; Mortimer & Scott, 2000; Mortimer & Scott, 2003; van
Zee & Minstrell, 1997a; 1997D).

Apart from aforesaid studies, the qualitative aspects of the students’ cognition in
relation to teacher discursive roles were investigated in a specific manner in this
study. In ABI implementations, the participatory students were guided to gather,
analyze and interpret data when answering their research questions that were
composed by the true efforts of the students and teachers (Cavagnetto, Hand, &
Norton-Meier, 2010; Grimberg, Mohammed, & Hand, 2004; Hand, 2008; Keys,
Hand, Prain, & Collins, 1999). In ABI implementations, the students had
opportunities to experience several cognitive pathways. They made observations,
measurements and comparisons. They provided exemplifications of the phenomena
under discussion. They proposed analogies and made clarifications. They used
cause/effect relations. They made data-based and evidence-based scientific
explanations derived from their own inquiry activities. They made judgements of
others’ claims, arguments, observation reports and the credibility of a data source.
They also made inductive and deductive inferences from the discourse in the
classroom. They also offered newer investigation designs to revise their peers’
experimental designs. Abovementioned cognitive pathways were specific to the ABI
implementations (Grimberg & Hand, 2009) and most of them are matched with
critical thinking skills defined by most of the jurisdictions (Ennis, 2002, 2004, 2011;
Facione, 1990). More importantly, in this study, mentioned cognitive pathways of the
students were possible in the presence of some specific teacher discursive roles that

were deeply examined in this study.

To justify, Carlsen (1991), Wells (1993) and Westgate and Hughes (1997) made an
open invitation for researchers to research into relations between teacher discursive

roles and students’ cognitive pathways. For further research, it is strongly requested
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by several scholars that ““...a potential area for further research involves investigating
the linkage between moves over stretches of discourse to find out whether some
teacher moves are more enabling in evoking certain categories of student-moves, as
well as to investigate the reciprocal relationship between adjacent moves.” (Chin,
2007, p. 819). In other words, as purposed in this study, some specific teacher
discursive roles may be associated with some specific cognitive pathways of the
students. The third research question is therefore designed as: What were the patterns
between the teacher discursive roles and the students’ cognitive pathways over the

course of the ABI implementations?

1.11 Teacher’s Discursive Roles’ Impacts on Students’ Reasoning Typologies

Reasoning quality was another aspect of the cognitive quality of the students
investigated in relation to teacher discursive roles. Before explaining the relationship
between reasoning quality of the students’ as the one aspect of their cognitions’
quality and teacher discursive roles, an important point must be explained. It is the
differences between data, evidence and reasoning. As mentioned, this study’s in-
class implementations were actualized within ABI activities. In ABI activities the
students were promoted to pose their own research questions, then, collect, analyze
and interpret data (Cavagnetto, Hand, & Norton-Meier, 2010; Grimberg,
Mohammed, & Hand, 2004; Hand, 2008). Thus, all ABI implementations were
carried out in an argument construction sequences or continuous cycles as “questions
> claims > evidences” (Cavagnetto & Hand, 2012). In other words, in the activities
the students posed researchable questions, then proposed their claims and created
their evidences (Hand, 2008; Keys, Hand, Prain, & Collins, 1999). In terms of given
triplet cycles (questions-claims-evidences), there are alternative triplet cycles (i.e.
claim > evidence > reasoning) that put a clear isolation between evidence and
reasoning (McNeill, 2009; McNeill & Krajcik, 2008; McNeill, Lizotte, Krajcik, &
Marx, 2006). In the NRC’s (2007) Ready Set Science, claim, evidence and reasoning
are explained as: Claim: What happened, and why did it happen?; Evidence: What

information or data support the claim?; and Reasoning: What justification shows why
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the data count as evidence to support the claim? (p. 133). This triplet considerably
supported and advocated by many scholars (McNeill, 2009; McNeill & Krajcik,
2008, 2011; McNeill, Lizotte, Krajcik, & Marx, 2006; McNeill & Pimentel, 2010;
Pimentel & McNeill, 2013). It is clear in the NRC’s (2007) arguments that reasoning
occurs only at a defined point of classroom inquiry. Since, this implies that after
collecting appropriate and sufficient evidences, students may be engaged in
reasoning processes (McNeill, Lizotte, Krajcik, & Marx, 2006). However, reasoning
must be throughout as a critical aspect of entire processes of inquiry activities. As a
result, reasoning is undervalued to some extent if the evidence and reasoning are
isolated (Cavagnetto & Hand, 2012). In here, the question is that how it is possible to

merge with reasoning and evidence.

The answer finds itself in the relationship between data and evidence in terms of this
study. Data means in this study that the student-led observations and experimental-
based recordings. In ABI implementations of this study, what is seen and recorded is
commonly accepted as being the data obtained from student-led inquiries. However,
there should be a question to be asked that how being engaged students would use
the gathered data? In a common sense, collected data does not speak. In other words,
there must be a data analysis on the part of the students to produce original and
group-specific evidences (Cavagnetto, 2010; Cavagnetto & Hand, 2012; Cavagnetto,
Hand, & Norton-Meier, 2010; Keys, Hand, Prain, & Collins, 1999). Thus, there
should be a transformation of data into evidence that needs reasoning (Cavagnetto &
Hand, 2012). This shift or transformation is needed a cognitive work or effort on the
part of the students that is considered as reasoning quality in this study. In other
words, as Cavagnetto and Hand (2012) states “...A student has to analyze and
synthesize the data points into some coherent series. There are critical decisions that
need to be made such as what to keep, what to discard, and how well the data points
are connected. That is, data does not speak and so the learner has to apply some
critical thinking and reasoning to be able to make decisions to produce the required
evidence he/she needs to make an argument.” (p. 46). In this sense, within the scope

of this study, data plus reasoning is conceived as evidence.
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This transformation of data into evidence attaches importance in terms of research
purposes of this study. Since, it has been commonly reported that students have
serious difficulties in moving from a serious of observational or experimental data to
generating logical lines of reasoning (Aikenhead, 2004; Bell & Linn, 2000; Hogan &
Maglienti, 2001; Jimenez-Alexiandre, Rodriguez, & Duschl, 2000; Kuhn, 1991,
Lizotte, Harris, McNeill, Marx, & Krajcik, 2003; McNeill et al., 2003; Sadler, 2004;
Sandoval, 2003; Sandoval & Millwood, 2005). This also attaches importance since
connecting the data points in some coherent manner means the students are able
reason about the data in producing their evidences (Cavagnetto and Hand, 2012).
Thus, the students’ evidences are not separated from their reasoning. In the ABI
implementations, the students had to renegotiate between their former ideas and
arguments and with what they gathered as observations or experimental collections,
which were their data. However, these were only possible and plausible under the
guidance of the teacher who played out some specific discursive roles to promote the
students to shift their data into evidences or their evidence-based reasoning. In this
context, the fourth research question is: What were the patterns between the students’

reasoning and the teacher’s discursive roles during the ABI implementations?

1.12 Teacher’s Discursive Roles’ Effects on Students’ Argumentation Structures

Another aspect of students’ cognitions’ qualities was argument structure in terms of
research goals of this study. When the teacher made more specific discursive roles
during the ABI implementations, students were expected to manifest more
sophisticated arguments/argument structures to persuade other activity groups
(Cavagnetto & Hand, 2012) regarding their findings and data-based explanations are
more plausible and scientific (Martin & Hand, 2009). In the ABI implementations, it
was more possible to observe that students produced counter-arguments, rebuttals,
alternative explanations against to canonical knowledge of science and peer groups’
findings and explanations (Cavagnetto, Hand, & Norton-Meier, 2010; Grimberg,
Mohammed, & Hand, 2004; Hand, 2008; Keys, Hand, Prain, & Collins, 1999). In

this context, the teacher had to monitor and collide with alternative findings and
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contradictory explanations of the students. In a specific sense for this study, it is
considerably necessary to promote student to research into alternative or contrasting
research questions to augment the scope of the negotiation of the meaning. It was the
rule of higher quality ABI implementations in the context of this study (Cavagnetto
& Hand, 2012). To advocate, as Cavagnetto and Hand (2012) summarized, “...When
procedures are uniform for all students, where data are similar and where claims
match expected outcomes, then the reporting of results and conclusions often lacks
opportunities for deeper student learning about the topic or for developing scientific
reasoning skills.” (p. 48). In other words, when teachers guide students to alternative
research questions that are varied in terms of being examined research variables; it
implies that there may be more counter-arguments and alternative experimental
conclusions of students that may be smashed in the whole group discussions
enhancing the hierarchical complexity of the generated arguments structures
(premise, claim, data, warrant, backing, rebuttal, qualifier) students proposed. This is
all possible under the specific teacher discursive roles that were researched into in
this study. The fifth research question is therefore designed as: What were the
patterns between the students’ argument structures and the teacher’s discursive roles
over the course of ABI implementations? As a whole, all research questions are

listed below.

1. Which types of teacher discursive roles were performed by the teacher over
the course of in class-implementations of the ABI?

2. Which types of teacher discursive roles were played out by the teacher
allowing enlarged quantitative cognitive contributions of the students over the
course of the ABI implementations?

3. What were the patterns between the teacher discursive roles and the students’
cognitive pathways over the course of the ABI implementations?

4. What were the patterns between the students’ reasoning and the teacher’s
discursive roles during the ABI implementations?

5. What were the patterns between the students’ argument structures and the

teacher’s discursive roles over the course of ABI implementations?
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1.13 Significance of the Study

This study has at the least four important facets to add to accumulation of science
education literature in terms of classroom discourse. First, this study was conducted
with a longitudinal sense; over a school year of the period of 2014-2015. Thus, it
provided chances to observe an elementary science teacher who had been in
transition from a known pedagogical posture (teaching by telling) to an unknown
pedagogical zone (teaching through ABI). The expected and unexpected changes in
the teacher’s discursive roles therefore could be monitored and detected in a
longitudinal sense. To support, one-shot, one-lesson studies may not capture the
complexity of the dynamic relations between teacher discursive roles and students’
cognition (Barnes, 2008). In his review Mercer (2010) also emphasized the same
point:

“Classroom education cannot be understood without due attention to the
nature and functions of talk (and that means there must be a qualitative
element to the analysis); that cultural and local norms shape the processes
of teaching and learning; and that in the classroom, meanings are
continually renegotiated through talk and interaction over variable
periods of time. The implication is that one-off, ‘snapshot’ studies of
classroom talk are unlikely to yield as valid results as those which
involve continuous and repeated observations, such as over a series of
lessons.” (p. 3)

Second, this study’s outcomes regarding the changes in the teacher’s discursive role
patterns may have significance for elementary and middle school science teachers.
To support, first in international scale, teachers have serious obstacles in
implementing types of inquiry in their classrooms (Anderson, 2002; Johnson, 2006).
Additionally, in national context, there have been changeovers in order to centralize
students’ voice in elementary science classrooms to attain internationally scaled
reform-based standards of the teaching and learning (MoNE [Ministry of National
Education], 2004a, 2004b, 2004c, 2004d). As a whole, a pedagogical awareness
toward varieties and qualities of discursive roles will be scaffolding for teachers in
becoming better implementers of learner-centered teaching. To advocate, “...the

careful observation of classroom life commonly reveals much of interest that will not
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normally have been apparent to the teachers involved.” (Mercer, 2010, p. 3).
However, at the least, teachers, as the external readers of the research materials, will
be familiar with their essential and routine discursive roles by considering the
outcomes of this study. They may also achieve a surface but a life-sustaining starting
point in taking surrounding-teacher-talk into consideration while manufacturing
teaching sequences by not ignoring their discursive roles (Leach & Scott, 2000,
2002; Scott, 1997, 1998).

Thirdly, designing and implementing higher quality professional development
programs for elementary teachers are considerably crucial purposes for teacher
educators (Ball & Cohen, 1999; Borko, 2004; Borko & Putnam, 1995; Spovitz &
Turner, 2000). Howe and Abedin (2012) revealed out, after reviewed 225 studies for
the last four decades of research into classroom discourse, we have still very few
knowledge about discursive classroom events. They concluded that ‘...[O]ne key
message is that much more is known about how classroom dialogue is organized than
about whether certain modes of organization are more beneficial than others’ (p.
325). Accordingly, in another review, Mercer and Dawes (2014) advocated the fact
that, training provided for teachers must be ameliorated in order to specify the
authentic importance of classroom discourse. Accordingly, to our knowledge, very
few initiatives have been undertaken by teacher educators in terms of modifying their
theories and practices regarding teacher discursive roles such as questioning (e.g.,
Olievera, 2012). In this sense, characterizing teachers’ discursive roles associated
with students’ cognitions may be guiding for the designers of professional
development programs in arranging the context and content of their trainings in

terms of classroom discourse.

Lastly, ultimate purposes of science instruction for students are to engage them in
scientific argumentation (Driver, Newton & Osborne, 2000, Duschl & Osborne,
2002, Kuhn, 1993), to provide them true experiences for learning science concepts,
and to promote them for gaining scientific literacy (BouJaoude, 2002; National

Research Council [NRC] 1996). In this context, relations between teacher discursive
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roles and students’ cognition have been explored through either process-product
paradigm (Brophy & Good, 1986; Mitzel, 1960) or sociolinguistic paradigm (e.g.,
Eastmen, 1975; Gumperz & Hymes, 1972). Proponents of process-product paradigm
consider student outcomes as a function of teacher behaviors (Carlsen, 1991).
Regularly, “...This is done by constructing a taxonomy of teacher behaviors,
counting (or experimentally manipulating and counting) these teacher behaviors over
one or more lessons, and then correlating cumulative counts with individual student

or pooled-class outcome measures.” (Carlsen, 1991, p. 157-158).

On the other hand, sociolinguistic paradigm considers that relation in a different
sense. Sociolinguistic research paradigm regards classrooms’ contextual entities
through the uses of divergent methodological approaches as conversation analysis

and discourse analysis (Levinson, 1983; Stubbs, 1983).

Each methodological paradigm has its own deficiencies and advantages in terms of
exploring the relations. Process-product research pays attention to effects of each
teacher discursive role on product variables like student achievement, argument

structure or reasoning quality.

Sociolinguistic research cares the discursive-interactive models to develop
descriptions of how speakers interact within social settings. As Carlsen (1991)
convinced, although two distinctive paradigms concern themselves with divergent
issues regarding the teacher discursive roles and the relations between the teacher

discursive roles and students’ cognition, they may inform each other.

With this rational, in the current study both paradigms’ methodological lenses were
used to capture a holistic understanding regarding the teacher discursive roles and the
relations between the teacher discursive roles and students’ cognitions. Exploring the
types of the teacher’s discursive roles and changing in patterns in these roles over the

course time are required to use the lens of sociolinguistic research.
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On the other hand, exploring the influences and relations of teacher’s discursive
strategies on the pupils’ cognitive operations can properly be handled through the
methods of process-product paradigm research. Thus, it is thought that this study’s
outcomes may be more valid and illuminative in terms of detecting crucial aspects of

the teacher discursive roles relations.
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CHAPTER 2

LITERATURE REVIEW

In this chapter, two sections were introduced. These are ‘“Argumentation” and
“Classroom Discourse”. Argumentation section included the place of argumentation
in science education, inquiry-based instruction, and argumentation and ABI
approach. Then, Classroom Discourse section was introduced through Vygotskian
framework to understand classroom discourse, teacher discursive roles and the

relations between the teacher discursive roles and students’ cognitions.

2.1 Perspectives of Argumentation

There are two overarching perspectives in locating the place of argumentative
discourse or argumentation in science classrooms (e.g., Jimenez & Erduran, 2008).
The first is related to shed light on the importance of discourse in the construction of
knowledge of science (Knorr-Cetina, 1999; Latour & Woolgar, 1986). The second is
sociocultural perspective (Vygotsky, 1978; Wertsch, 1991) that refers to social co-
construction of meaning among communities of practice and also advocates higher
mental reasoning and meaning making are maintained from interpsychological plane
(social) to intrapsychological plane (individual). This study adopted the second
perspective. For instance, in terms of argumentative discourse, learning science in
schools means thinking and talking about science that has its own modes of
communication typologies (Lemke, 1990; Mason, 1996) actualized in particular
communities (scientists’ communities), for particular purposes (i.e., grounding

theories, laws of nature).
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2.2 Two Theories of Education Influencing Meanings of Argumentation

There are two waves of constructivism have influenced the definitions of
argumentative discourse. It is therefore more plausible to discuss the waves prior to
introducing meanings of argumentative discourse. To our knowledge, Piaget’s
“psychological or cognitive constructivist” perspective deals with meaning as
constructed by the individual (Miller, 2002). He theorized a sequence of cognitive
stages that all human beings have. There was a special concern for Piaget; the logic
as the construction of universal knowledge that is not expected to be acquired
directly from environment. According to Piaget (1971), a person’s knowledge comes
from reflecting on and coordinating her own cognitions or thoughts, but not from
mapping external reality. Despite Piaget evaluated social environment as an
important external factor, he never had the idea that social interactions are the main
mechanism for changing thinking (Moshman, 1997). It is named as the first wave of
constructivism as solo constructivism or Piagetian constructivism (Paris, Byrnes, &
Paris, 2001).

In this study another type of constructivism as the “second wave of constructivism”
was preferred. It is “Vygotsky’s social constructivism”. According to Vygotsky,
social interactions, cultural-historical tools and activities of the society shape
individuals’ cognition and learning (Vygotsky, 1978, 1987). By engaging a range of
social activities with others, learners may select, appropriate and internalize the
expected outcomes (phenomena) that are generated by thinking and talking together
in a community (i.e., lab workers, classrooms, room of taxi drivers). In detail, on the
interpsychological plane, members of a specified community perform various social
languages (Bakhtin, 1986) and other semiotic mechanisms (such as symbols,
diagrams, graphics, gestures, intonations, and mimicking) as in the forms of speech
genres (Wertsch, 1991) to produce a situated meaning (Rogoff, 1990; Vygotsky,
1981; Vygotsky, 1978). Then, following the internalization of the produced
phenomena among group members, individual thinking is played out on the

intrapsychological plane (Vygotsky, 1981; Vygotsky, 1978). In this context, learning
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phenomena is thought to be actualized from social systems, (i.e., learning
communities as classrooms) to individual cognition of a member of that community
(Lemke, 1990; Mercer & Dawes, 2014). In other words, as Vygotsky (1981)
emphasized, the higher mental functions first appear in a public space before

becoming private and internal.

As a note, this study was executed under the fundamental assumptions of Vygostkian
social constructivism that explains the development of human cognition by
considering both external and internal direction. As a note, internalized phenomena is
the expected and later outcome of a culturally-influenced and socially-regulated
process in which social negotiation of meaning is primarily performed by collective
efforts of members of community of practice (Palincsar, 1998; Prawat, 1996). Now,
it is more plausible to make some constitutive definitions of argumentation, since, I,
as a researcher, could place the paradigm in which the researcher have explored the

some aspects of the reality.

2.3 Understanding Argumentation and Its Recognized Forms

Argumentation may have a very different meaning in terms of its everyday usage as
it has been defined as war of ideas (Cohen, 1995). Bachelard (1968) stated the point
that if two persons desire to really understand themselves, they first contradict each
other. As a metaphor, the social or natural truths are the children’s of argument
(Bachelard, 1968, p. 114). Thus, argumentative discourse can be considered a
systematic and deliberate way of resolutions of contradictions by social re-
negotiations of meaning among the members of a community of practice (Osborne,
2012). Accordingly, van Eemeren and Grootendorst (2004) evaluated argumentative
discourse as a process in which “...verbal, social and rational activity aimed at
persuading a reasonable critic of the acceptability of a standpoint by putting forward
a constellation of propositions justifying or refuting the proposition expressed in the
standpoint.” (p. 1). Thus, argumentative discourse is a social activity, mediated by
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language and it must be rational since it is the core practices of knowledge co-

construction.

When defining argumentation, some researchers put a distinction between
“argument” and ‘“‘argumentative discourse” (e.g., Kuhn & Udell, 2003; Osborne,
Erduran, & Simon, 2004). To support, Jimenez-Alexiandre and Erduran (2008)
stated that ““...we use the terms argument for the product, statement or piece of
reasoned discourse and argumentation or argumentative discourse for the social
process or activity.” (p. 12). In other words, argument is not the synonymous with
the argumentation. Since argument amounts to content or substance of the argument
comprised of claims, data, warrants, and supporting evidences while argumentative
discourse refers to the process of arguing (Osborne, Erduran, & Simon, 2004).
However, in this study argument and argumentation is considered in a different
sense. First, arguments do not exist until we create them. A social negotiation of
meaning refers to creation of an argument. Thus, an argument should not be a
concrete content or substance of argumentation processes. In other words, as
Cavagnetto and Hand (2012) asserted that “the production of any argument involves
a learner/participant in negotiating publically and personally across a variety of
settings. These include observations, written text (reading), oral text (debate), and in
the construction of written text (written report)” (p. 45). To support, when a learning
group handles, for instance, an inquiry-based activity, they may produce their
knowledge around an argument by collecting, analyzing and interpreting their own
data. They have also common intellectual efforts in transforming data to evidence by
overcoming a cognitive work that is reasoning (Cavagnetto, Hand, & Norton- Meier,
2010). Thus, argument is not the end product of a process such as arguing; rather it is
the main mediation apparatus of knowledge co-construction (Hand, 2008). In other
words, argumentation may not mean to learning to use some structural pieces of an
argument such as claim, data, warrant or backing, rather it refers to create a new,
group-specific and contextually-influenced language to speak up the scientific
notions (Norris & Philips, 2003). Argumentation can be actualized in different
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recognized forms. If an argumentation of a teacher excludes students’ voices it is

rhetorical (Kuhn, 1991) or didactical (Boulter & Gilbert, 1995).

A rhetorical form of argumentation means that a teacher has a monolog in the
classroom. In the monolog teacher presumably asks questions and listen students’
responses. However, she does not permit to a social interaction of students or if there
is an interaction it is one-way in terms of topic under discussion. In other words,
even though there is interaction, only one aspect of the reality is considered and
dominates classroom talk (Mortimer, 1998; Mortimer & Scott, 2003). Another form
of argumentation can be dialogical or multivoiced (Driver, Newton & Osborne,
2000; Mortimer, 1998). In this sense, in terms of classroom discourse, argumentation
is played out amongst alternative points of views. The dialogicity thus refers to
existing alternative or contradictive points of views or arguments in the middle of
classroom (Mercer, 1995, 2000; Mortimer, 1998; Mortimer & Scott, 2003).

Another similar form of argumentation was created by van Eemeran et al. (1996).
They recognized three forms of argumentation: analytical, rhetorical and dialectical.
Analytical forms of argumentation imply that argumentation is a relevant tool for
formal reasoning or logic. In a mechanistic perspective, analytical forms of
argumentation refers to whether a conclusion is attached to its logically given
premises (i.e., inductive or deductive logic). Rhetorical and dialectical forms of
argumentation of van Eemeran and colleagues (1996) are highly similar to Kuhn’s

(1991) and Boulter & Gilbert’ (1995) definitions.

In terms of classroom discourse, another lens can be used to categorize the forms of
argumentation. Forms of argumentation can be grouped into four stages by taking the
term classroom discourse or communicative approach into consideration (Mortimer
& Scott, 2003). In a non-interactive/authoritative form of argumentation, teacher may
introduce an idea to her audiences by not permitting any interaction among students.
In an interactive/authoritative form, teacher may permit students to express

alternative or contradictory points of view. But only teacher has right the
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legitimization of arguments. Thus, only one point of view, the teacher’s view, is
followed and acknowledged. In a non-interactive/dialogic form, there may not be
interactions between teacher and students. But teacher may welcome alternative or
contradictory points of views. In here, the important point is to consider alternative
points of views even though there is no interaction between students and teacher.
Lastly, in an interactive/dialogic form, teacher and students have close discursive
interactions by taking alternative or contradictory points of ideas into account
(Mortimer, 1998; Mortimer & Scott, 2003).

2.4 Science Argumentation in School Settings

There is growing body of literature regarding argumentation indicating its current
place in classroom settings (Driver, Newton, & Osborne, 2000; Duschl & Osborne,
2002; Kelly & Duschl, 2002; Kelly & Takao, 2002; Martins, Mortimer, Osborne,
Tsatsarelis, & Jimenez-Aleixandre, 2001; Zohar & Nemet, 2002). Both international
and national communities of education acknowledge the vital place of argumentation
in science education (Australian Curriculum, Assessment and Reporting Authority
[ACARA], 2009; Ministry of National Education [MoNE], 2005; National Research
Council [NRC], 2007; Organization for Economic Co-operation and Development
[OECD], 2003). Contributions of argumentation to science classrooms are shown in
Table 1.

As summarized from Table 1, students may have culture of doing science as scientist
practice by means of argumentation. Also, if students are leaded to think and talk
similar to scientists, they may enable to produce scientific arguments derived from
their authentic in-class inquiries. By means of ABI, students may be scientifically
literate by appropriating social languages of sciences. Engaging in argumentation is
also beneficial in comprehending scientific concepts and scientific reasoning, gaining

a real image of scientist, science and epistemic understanding toward science.
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In this study, particularly Cavagnetto, (2010), Norris & Phillips (2003), Hand &
Keys (1999) and Driver, Newton & Osborne’s (2000) perspectives were taken into
account regarding the executive function of argumentative discourse in science

classrooms.

For this study, it was investigated how the teacher and the students collectively and
socially interacted (Driver, Newton & Osborne, 2000) in order to derive their own
arguments from the ABI activities (e.g., Hand & Keys, 1999). In this sense, the
teacher undertook some discursive roles in order to convince students to use new
talking and thinking system scientists have (e.g., Norris & Phillips, 2003). In
addition, the students undertaken a cognitive work (measuring, negotiating, counter-
arguing, inductive reasoning, etc.) when they actualized their inquiries around an
argument. Thus, the teacher’s discursive roles could be related to the students’

cognitive operations.

Table 1. Contributions of Engagement in Argumentation

Defined contributions of argumentation to science

Researchers
classrooms
Dawson & Venville (2010); Jiménez- Being engaged in scientific culture, learning the thinking
Aleixandre & Erduran, (2008); ways of scientists by practicing and modelling their
Tiberghien, (2008) works

Cavagnetto, (2010); Norris & Phillips Learning scientific inquiry, scientific literacy, language
(2003), Hand & Keys (1999) of science

Promote students’ scientific reasoning and conceptual
understanding of science

Promoting students to develop an accurate image of
science, to understand scientific knowledge is socially
constructed, to have competence in resolutions of
controversial issues

Lawson, (2010), Zhou (2010)

Driver, Newton & Osborne (2000)

Engaging learners in the coordination of conceptual and
epistemic goals, making student scientific thinking and
reasoning observable for teachers that allows them
formative assessment opportunities

Osborne, Erduran & Simon (2004)
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In addition to above-mentioned contributing aspects of engagement in
argumentation, nation-specific instances can also be mentioned confirming the value
of argumentation in science education. In many countries’ science curriculum (e.g.,
Spanish National Curriculum, Secondary Science Curriculum of Africa, Israel’s
Harari Report, The Curriculum Council of Western Australia, Taiwan’s Science and
Life Technology Curriculum Standards, Chilean National Science Curriculum)
argumentation has been gained its place and value in an explicit manner (Jimenez-
Alexiandre & Erduran, 2008). Particularly for Turkish context, the place of
argumentation has been ameliorated especially within middle-school levels. The
goals in the middle-school science curriculum of Turkey were linked to

argumentation in many aspects:

1. To encourage students’ argumentation and evaluation of alternative ideas,

2. To mediate debates and activities in a way so as to allow for the possibility of
students’ own constructions of scientifically accepted views and mindsets...,

3. To encourage students’ skills in generating hypotheses and alternative
interpretations in explaining phenomena (MoNE, 2005, p. 15, Jimenez-

Alexiandre and Erduran’s translation, 2008, p. 18).

In the context of curriculum goals, it would be valuable to explore the teacher
discursive roles facilitating students in generating and evaluating alternative science
arguments (first goal); in an authentic ABI setting in which students had
opportunities of deriving their own arguments from the activity (second goal); by

persuading each other through advocating their own claims by evidences (third goal).

2.5 The ABI Approach

Cavagnetto’s (2010) summarized that there are three interventional approaches in
terms of performing argumentative discourse in science classrooms: immersion
approach, structure approach, socio-scientific approach. The first interventional

orientation of learning scientific argument has been supported by distinctive aspects
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or methods. ABI approach is one of methods of guiding students in order to perform
embedded element of argument in science classrooms (Hand & Keys, 1999). In this
study, the teacher and the students adopted the ABI approach in order to engage in
scientific argumentation Other two examples of presenting students embedded or
immersed elements of argument are Clark and Sampson’s (2007) personally seeded
discussions and Keogh and Naylor’s (1999) concept cartoons. Personally seeded
discussions is maintained by means of a computer program that enables students to
determine which explanation among others shows the phenomena best over the
course of engaging in dialogues. Concept cartoons provide scenarios including
common alternative conceptions of students as a means to produce serial dialogues
incorporating cognitive contradictions. All approaches under this title (i.e., embedded
elements of argument) aim to lead students to better comprehend the science content

and epistemic criteria of science (Cavagnetto, 2010; Cavagnetto & Hand, 2012).

The second orientation to learning argumentation adopts a method that students are
explicitly taught the structure of argument, then, they are expected and required to
apply such structures. Within IDEAS project (Erduran, Simon, & Osborne, 2004;
Osborne, Erduran, & Simon, 2004; Simon, Erduran, & Osborne, 2006) the structure
orientation has been proliferated. Another contribution comes from the authors who
advocate Claims-Evidence-Reasoning triad as the basic structure of an argument that
should be directly taught to students (McNeill, 2009; McNeill, Lizotte, Krajcik &
Marx, 2006; McNeill & Krajcik, 2008). The two groups advocating structure
orientation centralized Toulmin Argument Pattern (1958) as a way of both teaching
argument structure to students and analyzing arguments of students (Cavagnetto,
2010; Cavagnetto & Hand, 2012; Cavagnetto, Hand, & Norton-Meier, 2010). All of
the studies within structure orientation have advocated the idea that thinking and
talking through the basic structures of argument are the ways of scaffolding critical

thinking and student inquiry.

The third orientation to learning scientific argumentation is carried out by guiding

students to engage in negotiations of socioscientific issues that have social, cultural,
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political, economic and scientific aspects (e.g., Walker & Zeidler, 2007). In this type
of orientations of learning argumentation, science-society-technology related
contexts are created to invite students engage in argumentative discourse
(Cavagnetto, 2010). The proponents of this orientation have advocated the idea that
engaging in socio-scientific argumentation support students to acquire the social,
cultural and technological components. The components regulate scientific
applications that are inherently controversial such as labelling genetically modified
foods or cloning (Fowler, Zeidler, & Zeidler, 2009; Sadler, Chambers, & Zeidler,
2004).

2.6 Choosing Among Three Approaches and Its Relevancy to the Study

Purposes

This study was conducted under the assumptions of immersion approach. In this
study, ABI was performed. There were two major reasons why | preferred the

immersion approach for the sake of this study.

There are two main divergences between immersion approach and structure
approach. First, the proponents of structure approach (e.g., Osborne, et al., 2004;
Simon, et al., 2006) put a concrete distinction between “learning of language of
science” and “generating scientific arguments”. To explain, proponents of structure
approach are of the idea that the structural perspective of argument (data, claim,
warrant, backing, and rebuttal) must be learnt and internalized prior to generating
scientific arguments (Halliday & Martin, 1993; Osborne, et al., 2004; Simon, et al.,
2006). It is not acceptable for Gee (2004) who does not put isolation between the
learning of language of science and doing science. According to Gee (2004)
language of science cannot be considered just as a communication tool for scientific

communities. Since, it [language of science] is the production of science.

Indeed, Gee (2004) refers to intimate relation between the thought and language. Put

it differently, learning science amounts to learning language of science (Scott, 1997).
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Thus, learning how to use the language of science cannot be separated from learning
science (Hand & Prain, 2006; Klein, 2006). To support, Prain and Hand (1996)
asserted the idea that structural components of argument should be embedded in
contexts in which inquiry is undertaken by students. Students use the embedded
elements of argument as a critical tool of building understanding science content. To
support, according to immersion orientation proponents, while students perform
authentic inquiry similar to real scientist, they are also to construct their
understanding around an argument (Cavagnetto, 2010; Cavagnetto & Hand, 2012;
Cavagnetto, Hand, & Norton-Meier, 2010; Prain & Hand, 1996). In other words, as
Cavagnetto and Hand (2012) summarized that “Having students use science
argument within the context of the topics that they have to build understanding of
means that students are not separating the concept of argument from how knowledge

IS constructed in science.” (p. 43).

Another important aspect of the divergence between structure approach and
immersion approach is occurred due to the relations among the substructures of an
argument as Claim, Data, Evidence, and Reasoning. In most studies, the proponents
of the structure approach provided well-prepared data or evidences in prompting
students to come to a conclusion while grounding their claims (Cavagnetto, 2010). In
other words, most interventions of structure approach did not permit students to
gather, analyze and interpret data (Cavagnetto, 2010; Cavagnetto & Hand, 2012).
When it is the case, the proponents of structure approach have adopted a mechanistic
perspective of argumentative language through reducing the argument construction
as an end product of inquiry processes but not a means of inquiry (Cavagnetto &
Hand, 2012). On the other hand, within immersion activities students have to carry
out data collection, analyze and interpretation in order to derive an argument from
the activity they undertake (e.g., Hand & Keys, 1999). In other words, the proponents
of immersion approach have emphasized the point that in what ways students come
from an inquiry activity to ground an argument as a consequence of exploration
processes (Cavagnetto, 2010; Cavagnetto & Hand, 2012; Cavagnetto, Hand, &

Norton-Meier, 2010; Prain & Hand, 1996).
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As an important note, data and evidence should be isolated in generating an
argument from an ABI activity. Since, the divergence between structure approach
and immersion approach occurs in the different interpretations of data and evidence.
To illustrate, if you provide existence evidences to students, they do not need to
collect, analyze and interpret data in grounding their arguments. Instead, students
should be engaged in discursively-guided argument-based inquiries where they
transform their collected data into evidence. Cavagnetto and Hand (2012) explicated
this transformation in a more comprehensive manner in terms cognitive operations

that were followed in a closer way in this study:

“Shifting from data to evidence requires us to engage in cognitive work. A student
has to analyze and synthesize the data points into some coherent series. There are
critical decisions that need to be made such as what to keep, what to discard, and
how well the data points are connected. That is, data does not speak and so the
learner has to apply some critical thinking and reasoning to be able to make decisions
to produce the required evidence he/she needs to make an argument. Thus, data plus
reasoning result in evidence.” (p. 46).

In this sense, it would be more plausible to investigate the teacher discursive roles
and the relations between the teacher discursive roles and students’ cognition within
the bounds of immersion approach to see the cognitive operations of students that
were explicated by their teacher’s discursive roles when students conducted their
inquiry-based activities around an argument, not by a given argument structure. Put it
differently, reasoning of students could be more visible when they changed the data
into their own evidences by the help of the teachers’ discursive roles. To sum up,
based on abovementioned reasons and justifications, immersion approach was
considered in framing in-class activities where the teacher discursive roles and the
relations between the teacher discursive roles and the students’ cognitions were

hunted.

2.7 Basics of the ABI Approach
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The ABI approach is a researched-based frame of science inquiry activities based on
argument-based discursive interactions between teacher-student and student-student
(Hand & Keys, 1999). The ABI approach offers an intersection of inquiry,
argumentation and language (Keys, Hand, Prain, & Collins, 1999). The ABI
approach presents a concrete framework to lead students’ inquiry activities and
provides metacognitive support to encourage students to reason about data when

creating their own evidences in a heuristic sense (Cavagnetto & Hand, 2010).

Table 2. Teacher and Student Template of the ABI*

A template for teacher-designed activities to promote

laboratory understanding A template to scaffold students

1. Exploration of pre-instruction understanding through 1. Beginning ideas-What are my
individual or group concept mapping questions?

2. Pre-laboratory activities, including informal writing,

. . . . . ; 2. Tests-What did | do?
making observations, brainstorming, and posing questions

3. Participation in laboratory activity 3. Observations-What did | see?

4. Negotiation phgge - ertlng _pers.onal meanings 4. Claims-What can 1 claim?
for laboratory activity (e.g., writing journals)

5. Negotiation phase Il — sharing and comparing data 5. Evidence-How do I know? Why am
interpretations in small groups (e.g., making group charts) | making these claims?

6. Negotiation phase Ill—comparing science ideas 6. Reading-How do my ideas compare
to textbooks or other printed resources with other ideas?

7. Negotiation phase IV—individual reflection and
writing (e.g., creating a presentation such as a poster or
report for a larger audience)

7. Reflection-How have my ideas
changed?

8. Exploration of post-instruction understanding through
concept mapping

*Modified from Cavagnetto & Hand (2012, p. 47)

There are two templates of the ABI approach. One is for teachers’ preparations for
ABI; another is for students’ in-class science inquiry activities (see Table 2). The
teacher template provides teachers a pedagogical and conceptual reasoning tool to

prepare themselves for in-class argument-based activities. Indeed, teacher template is
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a tool of teacher learning for teaching. Because the designers of the ABI are of the
idea that teachers’ learning are similar and prior to students’ learning. For instance,
over the course of preparations for ABI activities via teacher template, teachers
firstly have to design a comprehensive concept map in order to make the aspects and
the directions of the negotiations of meaning with their students.

The ABI approach consists of a bridge between informal ways of expressions in
written modes for students’ constructions of science understanding (i.e., students’
own questions, or their everyday social languages) and more formal public modes
refers to canonical forms of scientific knowledge (social languages of science).
Student template leads students to generate questions, claims and evidence for their
argumentations. In implementation of the ABI approach, students first compose their
own questions after an initial negotiation of meaning by the discursive roles of
teacher. Then, they put their claims addressed in their research questions. Finally
they have to support their claims by evidences that are derived from data collection,
analysis and interpretation. It also prompts students to compare their reasoning with
their peers. Information in textbooks, Internet, or other supporting sources can also
be used by students to redefine their everyday social languages around the social
languages of science (see also Table 2). In a metacognitive sense, by means of the
ABI approach, students have chances to make self-reflections on their mind change,
reasoning change and argument change in the presence of other knowledge sources

(i.e., other groups’ findings).

Even though the ABI approach offers a well-designed laboratory science inquiry
format, it is not a conventional one as Cavagnetto and Hand (2012) declared “Instead
of responding to the five traditional sections, purpose, methods, observations, results,
and conclusions, students are expected to respond to prompts eliciting questioning,
knowledge claims, evidence, description of data and observations, methods, and to
reflect on changes to their own thinking.” (p. 48). In a sociolinguistic manner, the
ABI approach focuses on the collective nature of science inquiry activities. Within

the science inquiry activities of ABI approach, learners are required to engage in a
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continuous cycles of renegotiations of meaning. There is no one cycle within the ABI
approach, but there are an array of cycles permitting both students and teacher to
embrace the subject matter in a holistic sense. Since, every analytical negotiation
cycle (i.e., including cognitive contradictions and resolutions of the conflictions by
data collection, analysis and interpretation) are intentionally connected to further
cycles of negotiation of meaning.

Moreover, the ABI approach was designed within an argumentative sense. There
must be a discourse between students’ personal explanations or observations and
contributions of the broader group whose member tested counter observations and
alternative explanations. In other words “...Learners are encouraged to make explicit
and defensible connections between questions, observations, data, claims, and
evidence. When students state a claim for an investigation, they are expected to
describe a pattern, make a generalization, state a relationship, or construct an
explanation.” (Cavagnetto & Hand, 2012, p. 48). In relating to this study, by means
of the ABI approach, the teacher had chances to exhibit diverse discursive roles in
permitting her students to carry out higher-order thinking as inductive and deductive

reasoning.

To sum up, the ABI approach is a kind of teaching sequence in the intersection of
inquiry-argumentation-language. In a clear sense, the ABI encourages students’
engagement in instructional contexts in which they have an investigative agenda for
laboratory work, framing questions, suggesting methods to address these questions,
and performing relevant investigations. However, in the absence of diverse and high
quality forms of teacher discursive roles, ABI approach cannot be treated in a
productive manner. This important point was declared by Cavagnetto and Brian
(2012): “When procedures are uniform for all students, where data are similar and
where claims match expected outcomes, then the reporting of results and conclusions
often lacks opportunities for deeper student learning about the topic or for
developing scientific reasoning skills. To address these issues the ABI is designed to
provide scaffolding for purposeful thinking about the relationships between

questions, evidence, and claims.” (p. 48).
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Leach and Scott (2002) also focused on Cavagnetto and Brian’s (2012) point. They
argued that “researchers tend to attribute improvements in students' learning to the
effectiveness of the sequence of teaching activities, giving little explicit attention to
the teacher's role in staging those teaching activities, in the social context of the
classroom.” (p. 116). In other saying, there is no room to underestimate teachers’
discursive roles that surround any teaching sequence (Leach & Scott, 2002; Scott,
1998). In other words, teachers’ surrounding talk has a key role in enlarging the
scope of the students’ intellectual contributions to the classroom discourse (Chin,
2006, 2007). Thus, it would be considerably important to detect teacher discursive
roles played out during the ABI activities in estimating related cognitive operations

of students as the main purpose of this study.

2.8 Research on the ABI Approach

ABl-related studies can be grouped into three research aspects (Brian & Hand,
2012). Three groups of research studies are summarized in Table 3. First,
effectiveness of the ABI approach on students’ science learning is not for only higher
achievers. However, particularly lower achievers may be benefited from the ABI
approach. Accordingly, the ABI approach was found to be more appropriate for
disadvantages groups (i.e., females, low-achieving students). It is also verified that
the ABI approach is better compare to conventional methods of teaching particularly
for conceptual understanding. In addition to this, the ABI approach was found to be
relatively relevant across teaching groups (from elementary to university learners).
The prominent outcome of the ABI studies related to this study is that teachers’
discursive roles’ quality had deeper impact on the effectiveness of the ABI
implementations, in turn student outcomes such as conceptual learning and

reasoning.

In terms of this study, there were both higher- and lower-achieving students in the
classroom when the teacher conducted the ABI approach. However, the teacher

carried out varied discursive roles in encouraging whole members of the class to
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contribute to classroom discourse. The teacher made also readjustments of the

existence classroom culture by modelling specific behaviors (listening actively a

student, giving priority student ideas by not interrogating whether it was plausible).

Thus, the teacher tried to create an intellectually comfortable classroom environment

to invite students to contribute the classroom discourse.

Table 3. Related Studies of the ABI Approach

Types of the Researchers Main findings
study
The variance regarding achievement among students was
The_ABI vS. Akkus, Gunel, & reduced, the ABI is supported that it is effective for all
traditional Hand (2007) . - .
learners (higher- vs. lower-achievers) in the classroom
Rudd, - . . .
A statistically significant association between higher
Greenbowe, & explanation scores and the ABI format
Hand (2007) P '
After completing the summary writing activities the ABI
Hohenshell & L .
students scored significantly better on conceptual questions
Hand (2006)
than the control students.
The quality of implementation impacts performance on
. Poock, Burke, &  standardized tests and positively impacts the performance
Quality of Hand, (2007) of females and low achieving students (i.e., two
implementation disadvantages groups).
of the ABI - —
Students at the same university similar results were
Mohammad : : . . .
(2007) pbtalned, par_tlcularly with benefits to females in high
implementation use of the ABI approach.
Results show that for teachers who remained low across the
period, the magnitude of effect size change in students’
scores ranged from 0 to 0.4. For the teacher who shifted
Gunel (2007) from traditional instruction to high-level implementation,
there was an effect size change in his students’ scores of
1.0 across the 3-year time period.
The results show that there were significant differences in
3-year State of ; .
Elementary national science test scores between students whose
lowa funded o
level oroject teachers are low and medium implementers of the ABI

approach

This was substantially important in terms of exploring the teacher discursive roles

and the relations between the teacher discursive roles and the students’ cognitions.

Since, when the teacher created democratic classroom environments, students’ felt
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themselves free to dominate the classroom discourse when they met an amount of
cognitive operations in the presence of the teacher’s discursive roles.

As a whole, this study may contribute to ABI scholarship with regards to the teacher
discursive roles and the relations between the teacher discursive roles and the
students’ cognitions. As a note, the studies summarized in Table 3 were quasi-
experimental that were conducted to test the efficacy and effect of the ABI approach
on participants’ conceptual and reasoning enhancements. Apart from the mentioned
ABI studies, in this study, a fine-grained, closer look could be attainable to explore
the on-moment, line-by-line, minute-by-minute discursive interactions that were

played out within a natural setting.

2.9 Framing This Study: Philosophies, Foundations and Constructions

In this section, several concepts that characterize the assumptions of this study were
briefly introduced in exhibiting pedagogical and philosophical framework. This
study was conducted under the assumptions of Vygotskian and neo-Vygotskian
framework that lead theorists of sociolinguistic and sociocultural theories
(Alexanders, 2000; Daniels, 2001; Mercer, 2010; Mercer & Littleton, 2007; Wertsch,
1985).

2.9.1 Vygotsky’s General Genetic Law of Cultural Development

Vygotsky (1978) defined his analysis of ontogenetic development that refers to there
is a clear distinction between “elementary” and “higher” mental functions. He
interested in examining specific mental functions such as memory, perception and
thinking and their transformations from elementary forms to higher forms. He
located a related distinction between “the natural” development that produces
functions in elementary forms of cognition, and “the social or cultural” development
that transforms elementary individual cognition into higher functions (Vygotsky,
1978). As Vygotsky (1978) discussed “we shall call the first structures elementary;

they are psychological wholes, conditioned chiefly by biological determinants. The
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latter structures which emerge in the process of cultural development are called
higher structures. The initial stage is followed by that first structure's destruction,
reconstruction, and transition to structures of higher type. Unlike the direct, reactive
processes, these latter structures are constructed on the basis of the use of signs and

tools (p.124, italics original).”

Based upon these two structures of cognition, as elementary and higher, Vygotsky
(1978) offered a two-stage transformation to depict the aspects in which members of
learning community can internalize the social experiences. That is called General
Genetic Law of Cultural Development as depicted “Every function in the child's
cultural development appears twice, on two levels: first on the social, and later on the
psychological level; first between people as an interpsychological category and then
inside the child as an intrapsychological category. This applies equally to voluntary
attention, to logical memory and to the formation of concepts. The actual relations

between human individuals underlie all higher functions (Vygotsky, 1978, p.128).”

The above quotations can be interpreted in terms of science learning. The meaning
making in science classrooms are played out in two planes. Higher mental functions
initially occur in a public plane that means in the middle of the classrooms. Then
higher mental functions become private and internal for pupils after social
negotiation of meaning among the classroom members. In terms of science learning,
the first stage (interpsychological category) refers to social negotiation of meaning
among the members of community of practice. The second stage (intrapsychological
category) amounts to internalization or privatization of the experiences obtained
from the previous discursive interactions. In other words, conceptualizations of
phenomena first appear on an interpsychological plane, and then inside of pupils on
an intrapsychological plane (Rogoff, 1985, 1990; Rogoff & Wertsch, 1984; Scott,
1997; 1998; Vygotsky, 1981). This recognizes the importance of social classroom
interactions between teacher and pupils (Duit & Treagust, 1998; Mercer, 1992;
Sutton, 1992). Accordingly in this study, social classroom interactions were explored
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regarding relations between teacher discursive roles and students’ cognitive

operations (higher mental functions or structures).

2.9.2 Bakhtin’s Notion of Social Languages

Bakhtin (1986) enlarged the Vygotsky’s sociocultural perspective by emphasizing on
social languages. A social language is the generation of discourse among persons to
create the meaning of social or natural phenomena that can be used for specific
purposes by a specific learning community (Bakhtin, 1934, 1953). According to
Bakhtin (1986), different groups may use diverse social languages that service to
their social-intellectual purposes. Same content can be understood differently by
different groups of people as learners. For instance, a solid state physicist uses a
different social language when thinking and talking about sand. A potter’s social
language when he thinks and talks regarding same sand differ from the social
language of the physicists (Scott, 1997, 1998; Leach & Scott, 2002). In both cases,
the reality of sand within physical world influence the ways of thinking and talking
of two camps of thinkers and talkers (i.e., physicists and potters). The physicists
may understand the solid structure of sand by means of experiments and use
specialized social languages to define their experimental settings, results, data, and
evidences. On the other hand, the potters use a different way of thinking and talking
style about the sand. Since potters have artistic design concerns when they think
about how they shape an esthetical jug when they use the sand. An implication of
this argument regarding this study is that there is an inherent relation between
“thought” (thinking) and “language” (talking) or “discourse (language) and cognition
(thought)”. In other words, the ways of our thinking systems define our talking styles
(Bakhtin, 1986; Leach & Scott, 2002; Mortimer & Scott, 2003; Vygotsky, 1987,
Scott, 1998; Wertsch, 1991).

2.9.3 Bakhtin’s Notion of Speech Genre
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The concept of social languages can be elaborated by speech genres (Bakhtin, 1934,
1953; Wertsch, 1991). Speech genres are not the formations of language. However,
they are the typical forms of utterances that are the fundamental unit of verbal
communication (Bakhtin, 1953). Speech genres are the semiotic mechanisms to
communicate within a social language (Bakhtin, 1934, 1953; Wertsch, 1991). A
social language consists of speech genres such as graphs, data tables, figures,
gestures, symbols, stances, mimics. Within instructional contexts, different social
languages are performed by means of diverse speech genres. Diverse social
languages and speech genres are introduced by teachers and rehearsed by students on
the social (interpsychological) plane of classrooms. By introduction and rehearsed
processes, learners advance a range of distinctive types of talking (discourse) and
thinking (cognition) styles (Leach & Scott, 2002; Scott, 1998, 1997). Types of
talking and thinking are then internalized to make it personal and private for
individualistic purposes. Put it differently, as Scott (1997) defines °...language and
other semiotic mechanisms are used to develop and rehearse meanings between
individuals and that language then provides the tools or mediational means that
enable individual cognition. From this perspective language is absolutely
fundamental to thought and learning. It is not the case that language provides the
means to communicate internally developed products of cognition; language
provides the very means though which personal cognition occurs.” (p. 12). Once
again, a clear implication of this argument regarding this study is that there is an
inherent relation between “thought” (thinking) and “language” (talking) or

“discourse (language) and cognition (thought)”.

2.9.4 Science Learning in Vygotskian Sense

Vygotsky (1987) mentioned about two types of concepts (social languages) of
learners. He made a sharp distinction between spontaneous concepts and scientific
concepts. Vygotsky claimed that “spontaneous concepts are developed through
everyday experience and communication and are formed aside from any process

aimed specifically at mastering them” (Scott, 1997, p. 16). However, scientific
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concepts of learners are enhanced by means of true instruction as “the birth of the
scientific concept begins not with an immediate encounter with things but with a

mediated relationship to the object” (Vygotsky 1987, p. 219).

In terms of learning science concepts, social languages and speech genres as ways of
thinking and talking are central to discourse in science classrooms (Mortimer &
Scott, 2003). In an instructional setting for science learning, there may be at the least
three social languages: everyday social languages of learners, social languages of
scientists, social languages of school science (Leach & Scott, 1995, 1999, 2000,
2002; Mortimer & Scott, 2003; Scott, 1997, 1998). Everyday social languages of
learners are described as their spontaneous conceptualizations (Vygotsky 1987).
These are used by pupils to explain the events that occur around them. For instance, a
pupil may be of idea that plants feed from soil. A statement like plants feed from soil
IS a misconception or alternative conception of a learner (e.g., Pfundt & Duit, 1985).
Alternative conceptions, in the first stage, can be seen as equal to spontaneous
conceptions as the basis of everyday social languages of the pupils. However, in
Vygotskian sense, the term alternative is not exactly matched with the term
spontaneous. To illustrate, scientists have their specific ways of thinking and talking
styles for their specific purposes as generating scientific knowledge. Thus, scientists’
different ways of thinking and talking are alternative to learners’ everyday thinking
and talking (Leach & Scott, 1995, 1999, 2000, 2002; Mortimer & Scott, 2003; Scott,
1997, 1998; Vygotsky, 1987). It also means that learners have their own everyday
social languages or thinking and talking styles in explaining the events occurred
around them. The everyday social languages of learners are also alternative to
scientists’ social languages. As a result, social languages of scientists and everyday
social languages of learners are distinctive from each other.

An example makes the point clearer. When drinking orange juice, a pupil may
express this event as sucking a bottle of orange juice with a straw. However,
scientists have a substantially distinctive social language. Scientists think and talk

about drinking orange juice through the principles of air pressure and vocabularies of
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fluid mechanics: volume of the straw and density of orange juice. To conclude, social
languages of scientists may greatly differentiate from everyday social languages of
learners. In this context, learning science concepts is intimately acquiring thinking
and talking systems of scientists. In other words, science learning requires
“enculturation through language to the concepts and modes of reasoning of the
scientific community. Any individual who wishes to gain access to scientific
knowledge can only do so through interaction with those who are familiar with that
knowledge.” (Scott, 1997, p. 15). To sum up, examination of how meaning making is
made by means of true collective efforts of pupils and teacher and how classroom
interactions during meaning making flow from intermental planes to intramental
planes (Chin, 2006, 2007, van Booven, 2015). Thus, in this study, the relations
between discursive interactions within intermental planes (teachers’ discursive roles)

and intramental planes (students’ cognitive operations) were explored.

2.9.5 Science Teaching in Vygotskian Sense

Science teaching in Vygotskian sense is directly related to Zone of the Proximal
Development (ZPD). ZPD means that “the distance between the actual
developmental level as determined by independent problem solving and the level of
potential development as determined through problem solving under adult guidance
or in collaboration with more capable other” (Vygotsky, 1978, p. 86). In reality, ZPD
defines a consciousness and control of a higher mental process (i.e., concept
learning, inductive reasoning). This control and being consciousness are seen at a
later stage of development of any mental function (Vygotsky, 1934, p. 90).
According to Bruner (1985) a more knowledgeable other who “serves the learner as a
vicarious form of consciousness until such a time as the learner is able to master his
own action through his own consciousness and control.” (p. 24). Over the course of
time, learner attains required consciousness and control over the new mental function
or conceptualization. Learners can use the new thinking tool that was achieved by the
true scaffolding of tutors or teachers within the ZPD of learners. In other words,

“...the tutor in effect performs the critical function of 'scaffolding' the learning task
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to make it possible for the child to internalize external knowledge and convert it into

a tool for conscious control.” (Bruner, 1985, p. 25).

Scaffolding also explains the influences of teacher discursive roles on students’
cognitive operations. According to Scott (1998), “...the concept of scaffolding
relates closely to the zone of proximal development in specifying the kinds of
support which a tutor might provide to assist a learner in firstly completing a
particular task and thereby developing the competence to perform the task
independently.” (p. 69). Mercer (1995) defines the essence of scaffolding that it is a
sensitive and supportive intervention of teachers for a learner who is not adequately
able to manage the required tasks or performance alone. Scaffolding incorporates a

13

harmony as Mercer clarifies “...the provision of guidance and support which is
increased or withdrawn in response to the developing competence of the learner.” (p.
75). In other words, on one hand, scaffolding includes a gradual withdrawal of
assistance, on the other hand, a gradual handover of responsibility of the task from
teacher to student. In this study, scaffolding remarked as a sum of the teacher’s

discursive roles in helping students to make their own meaning.

The teacher in this study worked in social co-constructivist classroom contexts (the
ABI approach). The teacher tried to be responsive to the utterances of students
instead of making solid evaluations of the responses. Responsiveness is central to
scaffolding (Scott, 1997b, 1998). Within the ZPD of the students, teachers may be
responsive to divergences between the present level of learner performance and the
level of the performance that was previously specified by the learning purposes
(Scott, 1998).

Scott  (1997b) examined responsiveness within three elements: monitoring,
analyzing, and assisting. Monitoring means that teacher follows the students’ present
performance. Analyzing refers to deciding differences between present performance
of learner (actual performance) and target performance for learner (potential
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performance). Assisting amounts to teachers’ responses to the inherent differences

between the students’ actual performances and potential or goal performances.

There are two formations or means of assisting a goal performance for a group of
learners: pedagogical means and instructional means. According to Scott (1998), “In
taking action to assist the student in moving towards the target performance, the
teacher might employ pedagogical means and/or instructional means. Pedagogical
means consist of the discursive interventions made by the teacher in spontaneous
response to the student's performance; instructional means are the teaching activities
which are planned ahead of the instruction.” (p. 70). In this study, pedagogical means
of the teacher were primarily explored in order to detect the relation between teacher

discursive roles and students’ cognitive operations.

2.9.6 Learning Demand

The concept of learning demand was first used by Leach and Scott (2002) to offer a
way of appraising the differences between “the social languages of school science”
and “the social language that students bring to classroom”. As mentioned before
there two social languages: social languages of science and everyday social
languages of learners. Now, there is another social language that is spoken within
school science. The social languages of school science differ from other two social
languages. Teachers use textbooks, curriculums, their own subject matter knowledge,
instructional materials in order to construct another social language that is spoken

only in schools.

Social languages of school science are alternative to students’ everyday social
languages. Thus, there is an expected difference between the social languages of
school science and learners’ everyday social languages. When the difference is
bigger, the learning demand will be larger and vice versa is also valid. It is therefore
plausible to think that if there is a bigger learning demand for learners, the

community of practice must need to make further social negotiations of meaning.
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Since, the newer languages of school science are considerably differentiated from
everyday social languages of learners. The amount of learning demand and its
influence on the depth of social negotiations of meaning of science explained below.

2.9.7 Identifying Learning Demand

Particularly for science concepts, there may be great learning demands for learners.
In science teaching, learning demand can be categorized into three themes:
conceptual, epistemological and ontological. These themes are substantially related
in designing teaching sequences of the ABI approach and determining specific
discursive roles of the teacher in the ABI activities. For example, in terms of the
conceptual tools of learning demand, students may suppose that forces have actions
that either pull or push. However, there may be cases where a certain amount of force
Is not able to push or pull a heavier or fixed object due to friction forces. In this case,
the learning demand is higher since there is a confliction with students’ prior
reasoning pertaining to the concepts of force and motion. In this case, the teacher
may exhibit more dialogic discursive roles such as using reflective questioning as a
reflective toss (e.g., van Zee & Minstrell, 1997b), giving students the opportunity to
express ideas in order to discern their understanding (e.g., Crawford, 2000) or posing
a question that stimulates student thinking instead of giving direct corrective
feedback (e.g., Chin, 2006, 2007). However, when students try to conceptualize, for
instance, the parts of human skeleton, the teacher may directly introduce the terms to
students (Mortimer & Scott, 2003). When the learning demand is lowered on the part
of students, teacher may exhibit more monologic discursive roles since there is

nothing to discuss.

Many epistemological underpinnings of scientific work are absent within the
everyday social languages of learners (Chinn & Brewer, 1993b; Duit & Treagust,
1998). In school science students are required to display several reasoning and
practical skills when they collect, analyze and interpretation their data. When an
epistemological learning demand is weighted, it requires a wide range of

epistemologically-oriented teacher discursive roles. Examples of these roles may be
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helping pupils to develop experimental strategies (e.g., Crawford, 2000), modelling
and rehearsing aspects of processes of science (e.g., McMahon, 2012), supporting
students in learning about scientific work (e.g., Crawford, 2000; McMahon, 2012),
showing the attitudes and attributes of scientists by example (e.g., Crawford, 2000),
stimulating multimodal thinking (e.g., Chin, 2007) or encouraging and prompting for
justified and evidence-based reasoning (e.g., Simon et al., 2006). Within ABI
implementations the teacher exhibited epistemologically-oriented discursive roles in

order to scaffold students when they had an epistemological learning demand.

There are concepts of science for which experts’ process views are incommensurable
with the students’ materialistic views (e.g., Chi, 2008). In this case, learning demand
is readjusted in an ontological sense. Since learners should shift their thinking system
from a materialistic view to process view. For instance, “Two candidates for these
types of change are heat, which needs to change from a flowing fluid to energy in
transit, and a gene, which needs to change from an inherited object to a biochemical
process.” (Fraser, Tobin & McRobbie, 2012, p. 109). Learners’ everyday social
languages are mostly matched with the materialistic view whereas social languages
of scientists fit well with process views such as heat and gene concepts. When a
learning demand is ontologically-oriented, the teacher may implement a more
dialogic and more monologic discursive roles, such as asking students to generate
contexts for considering an issue (e.g., van Zee & Minstrell, 1997a), pointing out
flaws in the argument (e.g., Simon et al., 2006), sharing individual student ideas with
the whole class (Mortimer & Scott, 2003; Scott, 1998) or providing multiple
opportunities for student judgments (van Zee & Minstrell, 1997b) since students’
material views need to be changed into scientists’ process views as new ways of
thinking and talking about natural phenomena. Many ontological learning demands
of the students in this study were occurred and the teacher responded them by

performing special discursive roles.

2.10 Levels of Learning Demand and Teacher Preparation for the ABI

Approach
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The concept of learning demand can be used as an effective tool to inform the design
and evaluations of teaching sequences played out through the ABI approach. In other
words, from a social constructivist perspective, learning demand of learners can be
used to guide the planning of science teaching sequences of the ABI approach. In an
evident-based manner, Leach and Scott (2002) exhibited four steps of planning of
science teaching sequences that substantially informs the planning, designing and

teaching procedures of the ABI approach.

First, a teacher identifies the school science to be taught. A planned teaching
sequence must specify the details and justifications of the knowledge to be thought.
Related research confirmed that this form of detailed analysis and justification of
knowledge to be thought often leads to the clear identification of conceptual and
epistemological themes which provide crucial underpinnings to the main curricular
learning goals to be addressed. In this study, the teacher began with her designs of
teaching sequences by constructing a comprehensive concept map for actualizing her
own learning of concepts that may be needed higher or lower learning demands on
the behalf of students.

The second step is needed to determine how specified science areas are
conceptualized in the everyday social language of students. This step refers to
determining alternative conceptions, reasoning and arguments of students that are
greatly differed from content of science. For instance, in this study, in a Force &
Motion Unit preparation, the researcher and the teacher concluded by means of
concept mapping and think-aloud negotiations that students may be of the idea that
heavier objects hit the ground faster than the lighter objects if they are dropped at the
same time from the equal height. In science area, for instance in Newtonian physics,
it is well known that same volume objects hit the ground at the same time if they
drop at the same time from the equal height. There were various science areas that
are differently conceptualized in the students’ social languages that were explicated

in the preparations for the ABI activities.
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The third step is dedicated to identify the learning demand by appraising any
differences by considering Step 1 and Step 2. In this step, there were many
conceptual, epistemological and ontological differences between everyday social
languages of learners and social languages of school science. In the Force & Motion
Unit preparations, diverse conceptual learning demands were revealed. For instance,
students might have conflictions about which object, a heavier and a lighter one,
reaches to the ground when they are dropped at the same time from the beginning
point of an inclined plane. | and teacher were of the idea that the students would be
choosing the heavier one. But further teacher discursive actions might force students
to think differently. For example, the teacher responded as “Which object is exposed
to more friction force?” for this example. The answer is simple for students and they
selected the heavier one. Then the teacher said that “If the heavier one is exposed to
more friction force, and if the friction force is reverse to motion of an object, how
could it be possible for the heavier one to reach first to the ground?” as a challenging
discursive strategy. It was expectedly mind-stretching for students. They therefore
tried to answer in different ways by undertaking more cognitive work in the presence

of the teacher discursive roles.

In addition, in terms of epistemological underpinnings the researcher and teacher
detected learning demand during the ABI preparations. For instance, the teacher had
experienced that her students had difficulties in experimenting (i.e., data collection,
analyzing, interpretation, multivariable thinking, controlling variables, etc.). Thus,
we decided that the students might have epistemological learning demands. One of
the precautions for various epistemological learning demands was prompting the
students for collecting ample data from different sources. In addition, we decided to
advise the student groups to carry out a measurement at the least five times to select
the most valid and reliable one based on assumptions or criteria that they determined.
There were also ontological commitments caused learning demands during the
designations of the ABI approach. For instance, we held the idea that during the
concept mapping and think aloud sessions, students might have difficulties in

reasoning about the existence of gravitational forces. Because, they did not see the
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gravitational interaction between the objects, for instance the earth and an object.
Thus, during teaching sequence preparations of the ABI approach, we took diverse
ontological learning demand of learners into account. The last step was to develop a

teaching sequence to address each aspect of the learning demand.

2.11 Conducting Teaching Sequences and ABI Approach

In the Vygotskian context, a teaching sequence incorporates three interrelated
features: staging the scientific story, supporting students’ internalizations, handing
over responsibility to the students (Leach & Scott, 2002). These three cycles were

incorporated into the ABI implementations.

Staging the scientific story: In staging the scientific stories (i.e., instructional units,
Force & Motion), the performance of the teacher and the students were interactive
and multimodal (i.e., ways of talking, tables, graphs, figures, models) in nature
(Kress et al., 1998). The staging process incorporates teacher talk, student talk,
various semiotic modes and diverse activities as the student experiments or the
teacher demonstrations. The teacher’s purpose in this staging is to make the scientific
story intelligible and plausible to the whole class (Posner, Strike, Hewson, &
Gertzog, 1982). Staging the scientific story composed the initial discursive
interactions between the teacher and students in this study within the ABI

implementations.

Supporting students’ internalizations: This aspect of teaching sequence relates to
scaffolding individual students to make personal sense of, and become able to use a
negotiated scientific story (e.g., Leach & Scott, 2002; Vygotsky, 1978). The process
of scaffolding student internalization requires sensitive teacher discursive roles in the
progress of a learner who is actively involved in some specific task, but who is not
quite able to manage the task alone. The teacher provides “guidance and support
which is increased or withdrawn in response to the developing competence of the

learner” (Mercer, 1995, p. 74, 75). Scaffolding students’ internalization therefore
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incorporates a measured withdrawal of teacher assistance in the process of handing
over responsibility to students in a gradual sense (Bruner, 1983; Scott, 1998). In this
study, when students made their experiments, the teacher provided individual support
to scaffold individual meaning making of the content that was previously negotiated
on the public plane of the classroom.

Handing-over responsibility to students: In this study, the teacher played out
discursive roles for supporting the students’ internalization. The teacher’s discursive
roles also dispersed throughout the each teaching sequence. Since, “it is not a case of
making the scientific story available and then helping the students to make sense of
it.” (Leach & Scott, 2002, p. 123). To explain, teachers should be able to attain
continuous monitoring of varied student comprehension levels. In addition, teachers
should behave in a responsive manner to students regardless of whether student-
generated ideas are related to the intended social languages of science (Scott, 1997).
In the course of monitoring and responding, teachers should provide opportunities to
pupils to try out new ideas in the process of making the newly constructed
knowledge their own. In this sense, the teacher interventions are associated with the
handing-over of the responsibility of learning to students in recognition of their
increased competence in unassisted learning practices (Bruner, 1983; Scott, 1997). In
this sense, particularly over the course of whole group discussions of the ABI where
the student groups were trying persuade each other regarding the validness and
scientificness of their own results, the teacher thrown the responsibility of the

organizations and flow of the negotiations to students.

To sum up, all aspects of the study was undertaken by taking Vygotskian aspects and
assumptions into account. The above-located terms were used as a theoretical and
methodological thinking tool to regulate and redefine the all aspects of this study.
Particularly the concept of learning demand was useful in preparing and evaluating

the teaching sequences carried out by the ABI approach.

2.12 Teacher Discursive Roles
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There has been a great amount of studies subjecting teacher discursive roles in
diverse classroom contexts. It may be a substantially messy work to review all the
studies. Instead, for a better synthesize, appropriate frameworks may be

operationalized for a more proper and tidy review of the related studies.

As mentioned earlier, this study adopted the sociolinguistic perspective in a
Vygotskian manner. It is therefore more plausible to use a theory-based and data-
driven sociolinguistic framework to collapse the studies subjecting teacher discursive
roles. Perhaps the best choice of a framework to investigate classroom discourse and
categorize teacher discursive roles can be the work of Mortimer and Scott (2003).

In their book “Meaning Making in Secondary Science Classrooms”, Mortimer and
Scott (2003) introduced a framework to characterize and analyze how the meaning
making are collaboratively generated by teacher and students. This framework was
based on the arguments of sociocultural and discourse theorists following the
Vygostkian perspective (Bakhtin, 1981, 1986; Bruner, 1983, 1985; Wertsch, 1985b,
1991). The framework was structured through a validated on-going research program
(e.g., Mortimer, 1998; Mortimer & Scott, 2000; Scott, 1998). It incorporates five
distinctive but inter-related aspects.

1. Teaching purposes - discussing, negotiating, exploring, working on and
reviewing regarding the ideas of the pupils,

2. Content - a specific knowledge field in which discursive events occur,

3. Communicative approaches - identifying teaching episode in terms of
whether it is dialogically or monologically oriented and placed at the heart of
the framework,

4. Patterns of interactions - Initiate-Response-Evaluate (IRE) triadic pattern or I-
R-P-R-P-R- as a chain of interaction that remains open without a final
evaluation; 1-Rsi-Rs2-Rs3: an example of a student-initiated sequence that
starts with a question, or when different students respond to the same

question from the teacher (P: prompt; R: response; Rsn: students' response),
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5. Teacher interventions - the teacher’s discursive-pedagogical roles in meaning

making in classrooms.

The centralized aspect of the framework “Communicative Approach” was
particularly taken into account in categorizing the teachers’ discursive roles. In
addition, the “Teaching Purposes” and “Content” aspects of the framework were
used to interpret the hierarchies among the teacher discursive roles for an extended

synthesize.

2.12.1 Four Classes of Communicative Approach

According to the Bakhtinian concept of dialogism (1981), discourse among a
specified community can be either authoritative or internally persuasive. An
internally persuasive discourse is open to various alternative ideas. In contrast,
authoritative discourse does not permit bringing together and negotiating alternative
ideas (Buty & Mortimer, 2008; Mortimer & Scott, 2003; Scott, Mortimer & Aguiar,
2006). Here, a fundamentally important point is that “a sequence of talk can be
dialogic or authoritative in nature, independent of whether it is uttered individually or
between people. What makes talk functionally dialogic is that different ideas are
acknowledged, rather than whether it is produced by a group of people or by a single
individual.” (Buty & Mortimer, p. 1639). In other words, interaction among people
does not mean that the discourse is dialogic in nature. Based on these assumptions,
the communicative approach consists of two basic dimensions; non-

interactive/interactive and dialogic/authoritative (see also Table 4).

Table 4. Four Classes of Communicative Approaches

INTERACTIVE NONINTERACTIVE
DIALOGIC Interactive-dialogic Noninteractive-dialogic
AUTHORITATIVE Interactive/authoritative Noninteractive/authoritative

(Modified from Scott, Mortimer, & Aguiar, 2006)
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A. Interactive/dialogic: The teacher and students consider a range of ideas. If the
level of interanimation (i.e., in-depth negotiation of ideas) is high, they pose genuine
questions as they explore and work on different points of view. If the level of
interanimation is low, different ideas are simply presented.

B. Non-interactive/dialogic: The teacher revisits and summarizes different points of
view, either by simply listing them (low interanimation) or exploring similarities and

differences (high interanimation).

C. Interactive/authoritative: The teacher focuses on one specific point of view and
leads students through a question and answer routine with the aim of establishing and

consolidating that point of view.

D. Non-interactive/authoritative: The teacher presents a specific point of view
(Scott, Mortimer & Aguiar, 2006, p. 611).

Dimensions of the communicative approach can be used to evaluate classroom
discourse whether it is dialogic or monologic as well as whether the discursive
interactions are actualized on a teacher-student or student-student basis (Mortimer &
Scott, 2003). Furthermore, communicative approach can be used to determine
whether discursive events among the learning community pass through knowledge-
transmission or knowledge co-construction modes of teaching (e.g. McMahon,
2012). This idea is based on there being a close link and presumable isomorphism
between the terms of ‘dialogism or knowledge co-construction’ and ‘monologism or
knowledge-transmission” (Crawford, 2000; National Research Council, 1996
[NRCY)).

Additionally, the interanimation of ideas is emphasized in the communicative
approach particularly for the dialogic dimensions. The interanimation of ideas
represents, at one extreme, low interanimation, in which a teacher may gather pupils’
ideas and pool them, for instance, presenting them on the board. However, the

teacher makes no attempt to elaborate, compare, contrast or challenge any of the
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ideas. At the other extreme, “the teacher might adopt an approach which involves
trying to establish how the ideas relate to one another” (Scott et al., 2006, p. 610).

In this study, by considering Mortimer and Scott’s (2003) analytical framework,
relevant studies were categorized in terms of four classes of communicative
approach. Relevant studies were selected between years 1987 - 2015. In relevant
studies, teacher discursive roles explored from many aspects (teacher-questioning,
students’ productive thinking and characterizing IRE frames). After a closer look at
the reviewed studies, several codes (n = 240) as in the form of analytical teacher
discursive roles were found. 21 (i.e., 20 main categories and a category for
inappropriate codes) categories were determined, most of which concerned the
interactive-dialogic communicative approach (n = 11). Fewer categories of teachers’
roles were found to consist of non-interactive communicative discursive roles (n = 9;
see also Table 4). According to these findings, genuine discursive interactions among
teacher and students may allow for more varied discursive events independent from
whether they are both dialogically- and authoritatively-oriented. That is to say,
augmentation in interactive discursive events requires teachers to have more

diversified discursive roles.

In Table 5, four classes of discursive roles for teachers are summarized. As seen,
there is a gradual hierarchy between the teacher discursive roles from more
monologic to more dialogic. The hierarchy regards to the increasing voices of
students in classroom or incremental levels of intellectual contributions of students to
classroom discourse. To discuss, there are two holistically defined (higher order
themes) noninteractive/authoritative roles: teacher gives information and teacher
evaluates students’ responses. In this manner, teachers lecture or introduce a content
in a full teacher-centered sense. There is no permission for students to contribute the
classroom discourse. Teachers may give information through logical expositions,
direct teaching-by-telling or using verbal closes. Noninteractive/authoritative
discursive roles also incorporate direct evaluation of students’ responses by teacher-

based legitimizations causing asymmetrical power relations in classrooms. For
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instance, a teacher may interrupt a student’s utterance with a cut-off evaluation, since
the student might make a fallacious reasoning according to the teacher.

There is therefore little or no interaction between students and teacher when the
teacher adopts more monologic communicative approach in  which

noninteractive/authoritative discursive roles are played out.

There may be interactions between teacher and students but the interaction may be
maintained around only one viewpoint that is primarily owned by teacher. This type
of interaction creates interactive/authoritative communicative approach. In this sense,
teachers may make cued elicitation in order to give the message to students that they
previously said something neater to teacher’s agenda. Teacher discursive roles within
interactive/authoritative communicative approach consist of teacher roles such as
rehearsing, summarizing and consolidating students’ ideas that had been previously
negotiated. Accordingly, teacher may clarify the topic under discussion and make
recaps and summaries the arguments produced in classroom discourse. However,
even though there is an interaction between students and teacher, only one point of

view is prioritized by teacher.

Within the courses of noninteractive/dialogic communicative approach, teacher may
adopt several distinctive alternative points of views, but there is little or no
interaction between teacher and students. Teachers may make comprehensive recaps
or summaries of previously occurred discourse by taking into several viewpoints into
account. Many ideas may be discussed in discourse by collective contributions of
both teacher and students, but teacher particularly select and contextualize the
prominent or more useful student ideas in order to define the bound of the, for
instance, research questions that students will compose later phases in the argument-

based inquiries.

Finally, within interactive/dialogic discursive moments, a teacher may perform more
dialogic discursive roles. Here is the purpose is to initiate and maintain the social

negotiation of meaning by considering students’ everyday social languages. For
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instance, teachers may pool the student ideas that may be both conceptual and
procedural by not criticizing or evaluating them. There may be low interanimation of
ideas. It means that when teacher is pooling students’ conceptual and procedural
ideas, she does not attempt to counter-argue or locate alternative points of views.
Instead, she only listen the students’ opinions. Moreover, perhaps the most salient
teacher discursive role within interactive/dialogic contexts is asking for clarification.
When students provide a response to the teacher, she then asks second question or a
series of questions in order to enlarge, probe and prompt students’ ideas and
arguments. Teachers may also encourage new ways of thinking and talking as
students may be promoted to display their results with graphs, data tables, tallies, or
other semiotic aiding visualizations to be clearer in argument construction and
sharing with others. As a special discursive role within interactive/dialogic
communicative approach, teachers may throw the responsibility of learning back to
the students by performing toss-back or reflective toss.

Interactive/dialogic discursive moments are subjected to unexpected discursive
interactions, in turn; there must be an enlarged spectrum of discursive roles for
teachers in responding unanticipated student answers. To illuminate, teachers have to
consider students’ everyday social languages in order to permit them to construct
their arguments and appropriating social languages of science later on. As an
essence, teachers in these discursive moments have to provide metacognitive tools
for students to monitor themselves. For instance, teachers may encourage and prompt
students to link their ideas to the discourse that is played out in the classroom. Here
teachers try to provide a consistent and contingent flow of discourse among the
community of practice (classroom). Now teachers may permit students to put the
legitimizations of the evaluation of other’s conceptual and procedural discourse. In
other words, students may have the authority of legitimate the rationality criteria of

an argument produced during ABI implementations.
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There may also be high interanimation of ideas in Interactive/dialogic discursive
moments. Since teachers may act as challengers, discussants and negotiators.
Teachers may generate counterarguments to prompt students for alternative points of
views. When teachers play out discursive roles as challenger, discussant and
negotiator, they may easily encourage and prompt students for justified and
evidence-based reasoning. Since, students have to response to teachers’
counterarguments by justifying their arguments through their data collection,
analysis and interpretation processes or other ways of counter-arguing.
Interactive/dialogic discursive moments may cause mind-changes for students. Since
teachers may promote students to monitor about classroom discursive events. For
instance, teachers may explicitly ask about mind-change to show students their
beliefs or initial claims are tentative in the presence of counter-arguments or
alternative evidences. To notice, interactive/dialogic discursive interactions can only
be occurred in an intellectually comfortable and flexible classroom atmosphere. In
this manner, teachers may keep neutrality if possible during negotiation of meaning
or increase the wait times at the least to provide more time for students’ comfortable

thinking and reasoning about classroom discursive events.

In terms of this study, teacher discursive roles had a very important place in shaping
the relations between the teacher discursive roles and the students’ cognitions. It was
substantially important to make the presumable linkages between the ABI approach
and the teacher’s discursive roles. In this study, the ABI approach that was
surrounded by the teacher’s talk incorporated three phases. First, the teacher
prompted students by using mini-negotiation-cycles accompanied with cognitive
conflictions and contradictive arguments to write up their research questions.
Second, based on their research questions, the students develop inquiry-based
activities by data collection, analysis and interpretation. Third, the students presented
their data-based findings to peers in order to persuade them regarding their scientific
work was more rational and had scientific outcomes. In these overarching three
phases of the ABI approach, the teacher continuously changed her discursive roles

based on the need and flow of the classroom discourses.
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It is considerably important to evaluate above-reviewed teacher discursive roles
within sociolinguistic perspective. This attaches important in two aspects. First, it
would be easier to follow teacher discursive roles within the phases of the ABI-
approach. Secondly, it would be more informative how different phases of the ABI
approach regulate the teacher discursive roles and the relations between the teacher
discursive roles and the students’ cognitions. To place the phases of the ABI
approach into sociolinguistic perspective, changes in the communicative approach
can be used. It was revealed by Mortimer and Scott (2003) and named as rhythm of
classroom discourse. Rhythm of classroom discourse means there are changings in
communicative approach in which teacher may use both monologic and dialogic
discursive roles. In other words, in the cycles of the ABI approach, a teacher may act
more dialogic discursive roles in order to invite students to social negotiation of
meaning by extracting their everyday social languages. In addition, a teacher may
also act more monologic discursive roles to talk about the social languages of

science.

Mortimer and Scott (2003) defined three categorizations in which the communicative
approach is changed, in turn; teacher discursive roles are altered from more
monologic to more dialogic, or vice versa. These are explore, work-on, review. In
these three phases that are highly matched with three phases of ABI, a teacher may
play out differentiated discursive roles that are re-categorized within sociolinguistic
perspective below.

When the teachings purpose is to explore or discuss: In ABI activities, teachers may
begin by gathering students’ ideas regarding the content under discussion through
low-interanimation of ideas as in the form of cumulative talk (Mercer, 2000). This
implies that there are no deeper negotiations concerning the ideas presented by
students in the ABI activities (e.g., Scott et al., 2006). A prominent teacher discursive
role representing cumulative talk in the ABI activities was that the teacher pools the
student ideas (e.g., McMahon, 2012). In ABI activities, there was a gradual

decontextualisation as the teacher allowed the students told away from the
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descriptions of scientific events or rules (Mortimer & Scott, 2003). In this study, the
teacher started with the students’ ideas and leaded them to a transformation in which
the being learned phenomena from the here-and-know of everyday views is relocated
to the generalizable statements of science (Scott, 1998). When this was the case, the
teacher implemented discursive roles which were embedded in interactive/dialogic
communicative approach in order to explore or discuss the students’ raw and naive
interpretations. Examples of the teacher’s discursive roles were engaging students in
clarifying and enlarging their ideas or arguments or throwing the responsibility of
thinking and learning back to students. Mentioned teacher discursive roles are also
seen in Table 5.

When the teaching purpose is to work with learners’ ideas: After the initial
negotiations of the students’ ideas, the teacher engaged in a process referred to as one
of recontextualisation, in the sense of moving from everyday language to that of the
scientific world. In this case, the teacher did not implement explorative
interactive/dialogic  discursive roles. Rather, she preferred to undertake
interactive/authoritative discursive strategies in order to work with students’ ideas
(Mortimer & Scott, 2003). In this manner, during the ABI activities the teacher
offered cued elicitations in order to deliver the message to pupils that “you argued
something neater and closer to the content in my lesson plan” that were matched with
the social languages of school science (e.g., Kawalkar & Vijapurkar, 2013; van
Booven, 2015). Moreover, the teacher focused on the students’ attention on main
aspects of the activity (e.g., Kawalkar & Vijapurkar, 2013; Oh, 2010) by modelling
and rehearsing aspects of processes of science (e.g., McMahon, 2012) in order to
consolidate the canonical knowledge of science (Crawford, 2000; McMahon, 2012;
Oh, 2010).

When the teaching purpose is to wrap-up the previously created discourse: At the end
of the staging the scientific story with the students, the teachers applied discursive
roles framed in a non-interactive/authoritative communicative approach to wrap-up

the previously negotiated ideas (Mortimer & Scott, 2003). In the last of the ABI
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activities, the teacher provided information by means of direct lecturing (e.g.,
Edwards & Mercer, 1987), presenting logical expositions (e.g., Lemke, 1990),
narratives (e.g., Scott, 1998), and verbal cloze (e.g., Chin, 2007). In addition, the
teacher also made more authoritative discursive roles: assessments of students’
responses in terms of their canonical knowledge of science through comprehension
checks (e.g., Oliveira, 2012), direct affirmation (e.g., van Booven, 2015) or assessing
and advising the students (Oh, 2005). At this points of the ABI activities, since the
students had already argued the content and supplied ideas using their everyday
social languages, they then moved on to the worlds of scientific thinking and talking
by virtue of more authoritative teacher discursive roles. To support, as Edwards and
Mercer (1987) explicated, the previously created discourse stands for a “we-voice”
that is often characterize more authoritative teacher roles including reviewing and
summarizing the progression of the scientific story that had been previously owned
by a specific learning community (the ABI classroom of the teacher).

To sum up, in the ABI activities, it was the essence of science teaching and the
unique job of the teacher to introduce and recognize new ideas and to continue the
scientific story. More authoritative/monologic discursive roles were therefore equally
important as more dialogic discursive roles (Aguiar, Mortimer, & Scott, 2010; Leach
& Scott, 2000, 2002). Thus, as occurred in the ABI activities, there was a clear
rhythm of science teaching over the course of the cycles of explore, work-on and
review sections in which the teacher acted out her discursive roles in a way which
were both more monologic and more dialogic utterances were obligatorily played in

a dialectic manner (Aguiar, Mortimer, & Scott, 2010).

2.13 Teacher Discursive Roles and Learner Cognition

2.13.1 Sociocultural Perspective as Interthinking and Reflexivity

Vygotsky (1978) emphasized on the importance of sociocultural influences on

teaching, learning and cognitive development. The term sociocultural often is called
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socio-historical or cultural-historical (Daniels, 2001; Mercer, 2010; Wertsch, 1985).
A sociocultural perspective implies that actions such as learning, teaching and
cognitive development are related processes and they are shaped and determined by
cultural formations in which people play out these actions. In a sociocultural
perspective of learning, people first share their experiences. During social sharing,
people jointly construct their meaning in social settings such as schools. Schools may
be therefore considered as social institutions in which students and teachers reflect
upon their social values, experiences and practices by virtue of dialogues in order
create a specific meaning of social or natural phenomena. If this is the case,
education in school institutions may be seen as a reciprocal dialogic process, rather
than simply displaying individual capabilities of students or skills of teachers.
Because, all human activities incorporate sharing of experiential information with
others as well as the coordination of social interactions that need a joint, dynamic and

contextualized engagement.

When people think and talk with others, they do not only interact, they also
interthink (Mercer, 2010). The concept of interthink means that people carry into
effect language to integrate their intellectual resources in virtue of a common task
such as social negotiation of meaning in communities of practice (Elbers, 1994;
Middleton & Edwards, 1990; O’Connor & Micheals, 1996). Interthinking can be
considered as the intentional creation of common knowledge. Interthinking as
discursive interactions between teachers and students are structured on the

establishment of a base of common knowledge (Mercer, 2004).

Common knowledge needs to social-historical-cultural bounds. For instance, in
creating common knowledge by interthinking, conversational partners as teacher and
her students (social) in school settings (cultural) act language to “travel from the past
into the future” (historical) by collectively modifying the current state of their
comprehension of, for instance, science topics (Mercer, 2004, p. 140). There is an
important point in here that teacher and students need a concrete contextual

foundation in order to progress their talk. In addition, talk is the primary creator of
70



the concrete contextual foundation. Thus, one may think that there is a reciprocal
determinism between the context and spoken language as they both create and
redefine each other. Gee and Green (1998) called this reciprocal determinism as
reflexivity. In clearer sense, reflexivity refers to dynamic nature of talk for collective
thinking. In a constant sense, spoken language or talk creates concrete contextual
foundation of talk (scientific contexts, everyday contexts), and this contextual basis
also modify the talk between teachers and students. Thus, neither talk nor contextual
basis of talk is constant; the constant is the reflexivity or dynamicness of between the

fwo components.

For this study, above-stated assumptions had leading outcomes. First, in this study
the meaning making between the teacher and the students must be acknowledged as
their own and specific to their group. In their classroom history and context, they
tried to use the social languages of science when negotiating the meaning. All of the
students tried to make intellectual contributions to the classroom discourses. Thus,
the created dialogues or talks that were the arguments of the groups who derived
them from the ABI activities did not belong to individual members of the group or
the teacher. Rather, all members of the group behaved as a one person to create the

science dialogues.

In other words, students were engaged in interthinking activities to create their
common knowledge in their idiosyncratic classroom context. Also, they had chances
to designate a dynamic structure between talk and context of the talk. During the ABI
activities, students felt that responses without justifications or claims without
evidences were not acknowledged by the group. Since the teacher required the
justifications and evidences from the students. They also felt a respectful and
democratic talk context in their classroom in order to announce their arguments by
waiting their turn and carefully listening counter-arguments in order to contribute to
the discourse in a healthier manner. Since the teacher behaved as an active listener by

not interrupting a student’s saying. In conclusion, it would be better to explore how
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students did interthink in creating their common knowledge in the presence of the

teacher’s discursive roles.

2.13.2 Dependencies of Discourse and Cognition

Teacher discursive roles are considerably important for researchers since they clearly
influence the cognitive operations of learners. Thus, both within process-product and
socio-linguistic perspective (Carlsen, 1991), students’ cognitive operations
associated with teacher discursive roles have been investigated. Discursive roles
mean any piece of a teacher’s verbal or nonverbal utterances that contribute to the
progression of classroom discourse. An utterance, according to Bakhtin (1934), is the
fundamental unit of verbal communication. Discursive utterances of teachers can be
nonverbal (i.e., mimicking, gesturing, positioning in classroom, etc.) and verbal
(arguing, counter arguing, asking for clarification, requesting for justification, etc.).
In this study, mostly, teacher’s verbal discursive utterances or discursive roles were
estimated to frame the research purposes. Students’ cognitive outcomes related to
teacher’s discursive roles (i.e., utterances) were also investigated in this study.
Students’ cognitive outcomes can be the varying degrees of their voices leading
classroom discourse, their argumentations as argument structures (claim, evidence,
reasoning, and justification), cognitive operations such as measurement, observation,
induction, deduction, etc. and reasoning quality (i.e., evidence-based reasoning,

transforming data into evidence).

The studies investigating the teacher discursive roles and the relations between the
teacher discursive roles and the students’ cognitions may be collapsed into three
aspects:
1. Dependency analysis by sequencing discursive interactions within cased-
based episodes,
2. Dependency analysis by counting the number of teachers’ and students’
utterances,

3. Dependency analysis by sequential analysis methods.
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According to this categorization of studies the dependency is featured. Most studies
described investigated the dependency between teacher discursive roles and students’
cognitive operations within different study contexts and diverse classroom
intervention types through different research approaches with different levels of
participants. Even though there is a diversity regarding described studies, most were

designed to reveal the dependency of discourse and cognition.

2.13.3 Dependency Analysis by Sequencing Discursive Interactions within

Cased-Based Episodes

There are three studies in this category (Chin, 2006, 2007; van Booven, 2015). These
studies explored the relations between teacher discursive roles and students’
cognitions by making dependency analysis through sequencing discursive
interactions between teacher and students. Three studies included the in-depth and
fine-grained analysis of cased-based episodes that were taken from classroom
discourse to illuminate the relations between teacher discursive roles and students’
cognition. These studies accepted IRE as the basic fragmentation of discursive
utterances. They established cased-based linkages between teacher utterances (i.e.,
any piece of teacher’s saying) and students’ utterances (cognitive outcomes). They
progressed their studies in an analytical sense referring they conducted line-by-line
analysis in order to dig up the discursive data to demonstrate the fluctuations

between the teacher discursive roles and students’ cognitive operations.

In two studies, Chin (2006, 2007) showed that students’ cognitive operations may be
considerably predicted by the teacher discursive roles. Since the relations between
the teacher discursive roles and the students’ cognition may be explained as a
demand issue. When a teacher shifts the third move from an evaluative manner to
pedagogically scaffolding one, more cognitive demand is created on the part of
students. Students then may have chances to contribute classroom discourse since

they are demanded.
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Table 6. Summary of the Studies of Dependency Analysis by Sequencing Discursive

Interactions within Cased-Based Episode

Researchers Sample Context of the study Main findings
. . When teacher use the third move
Expository teaching, . ! .
Two teachers (evaluation move of IRE) in a supportive
whole-class : .
from four di X way instead of evaluative manner,
iscussions, : o
. schools students may access higher-order thinking
Chin (2006) - laboratory . 7 .
teaching Year . operations as hypothesizing, evaluating,
demonstration, and L X o
7 (12-13 year . explaining, deducing, and predicting,
- hands-on practical - ! . .
olds) science instead of just observing or recalling as
work. o .
lower-order thinking operations.
Expository lectures,  When teacher demands from students to
whole-class guided recall a factual statement, there is lower
. discussions, teacher  cognitive demand for the part of students.
Six teachers ; .
_ teaching grade demonstrations, However, when teacher uses ‘follow-up
Chin (2007) 7 science from small-group hands- questioning’ and ‘constructive or
on tasks, paired supportive feedback’ as the third turn of
four schools . X R
discussions, and triadic dialogues, she may be more
laboratory demanding in explicating higher-order
experiments. cognitive operations of pupils.
Randomly Monologic teacher utterances as in the
selected 10 N £ h S
transcripts for ~ From a curricular orms of teacher questioning ..
- accompanied with very limited cognitive
close analysis,  and teacher . . .
. (i.e., recalling), structural (i.e., pre-
from5 professional . . S
structural), and epistemological diversity
treatment and development . . o,
van Booven 5 control intervention for (i.e., declarative knowledge) as pupils
(2015) - Lo cognitive outcomes. Dialogic teacher
classrooms of  fifth-grade inquiry- .
. utterances were corresponded with very
the 44 total based science and : AR .
high cognitive (i.e., explain, evaluate),
classroom language S
. structural (abstract thinking) and
observations development epistemological diversity (strategic and
(22 treatment P g y g

and 22 control)

procedural).

To support, Chin (2007) confirmed that teachers may use the third turn (IRE; E:

Evaluate; IRF; F: feedback, or follow-up questioning) in a more productive manner

in augmenting students’ contribution to classroom discourse, and in turn cognitive
g g > g

operations.

Van Booven (2015) explored the relations between teacher discursive roles and

students’ cognition as a part of larger project (see Table 6). Van Booven (2015)

deeply analyzed three episodes taken from inquiry classrooms in which dialogic and

monologic teacher discursive roles were played out that positively or negatively
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influenced students’ cognitive operations. Van Booven (2015) concluded that
monologic teacher discursive roles were matched with lower cognitive operations
whereas dialogic utterances were associated with higher-order thinking strategies of
students (see Table 6).

2.13.4 Dependency Analysis by Counting the Number of Teachers’ and

Students’ Utterances

The studies in this group researched into the relations between teacher discursive
roles and students’ cognition in a quantitative sense by presenting percentiles,
frequencies or tallies in order to show statistical dependency of discourse and
cognition. In this group studies both students’ cognitive operations and teachers’
discursive roles were counted and statistically compared in order to reveal the
dependency of behavior (teacher-led) to another (student-led).

However, there was no attempt to establish causations between the discourse and
cognition in these studies (Table 7). Since, they were dedicated to detect the
fluctuations between the typologies of teacher discursive roles and student cognitive
operations. Seven summarized studies of the relations between teacher discursive
roles and students’ cognition show some salient points (Table 7). First, the relations
between teacher discursive roles and students’ cognition are substantially influenced
from the proportions of the voices of two parties (teacher vs. students). In other
words, initially students are entitled to speak up before making true intellectual
contributions to classroom discourse. The essence of students’ contributions to
classroom discourse is to permit students to release their voices more than their
teachers (Hogan, et al., 1999; Lam et al., 2009; Martin & Hand, 2009; McNeill &
Pimentel, 2009).

However, existence of dominative student voice may not ensure higher quality
cognitive operations. Teachers therefore have a crucial role in stepping in classroom

discourse by making discursive roles in the right time and with a wise style in order
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to influence students’ cognitive operations. To do this, first, teachers should create
contexts for prompting students to expand and clarify their own ideas, thinking and
arguments (Hogan et al., 1999; Martin & Hand, 2009; McNeill & Pimentel, 2009;
Pimentel & McNeill, 2013).

Secondly, teachers should prompt and probe student ideas when they are not able to
go further within the classroom discourse (e.g., Hogan, et al., 1999). Thirdly, direct
and solid evaluation of student-led utterances with a binary sense may damage the
contribution of students to classroom discourse. In other words, instead of evaluating
student responses in a direct sense, teachers should leave synthesis to students
(Hogan, et al., 1999; Lam, et al., 2009; Pimentel & McNeill, 2013). In a particular
sense, teacher discursive roles, for instance follow-up questioning, must be
contingent on students’ ideas, arguments or sayings (Boyd & Rubin, 2006). In other
words, students as a community of practice are seeking for coherent lines of
discursive exchanges that only can be created by their teachers’ discursive roles. In a
sociolinguistic sense, it means that teachers initially have to speak upon everyday
social languages of learners prior to contextualize social languages of scientists. To
advocate, scientists’ social languages are primarily foreign to learners. Thus,
appropriation such foreign social language would not be possible by ignoring
students’ own everyday social languages that frame their mental models. In this
sense, teachers have several roles. Particularly, in Hoban et al.’s (1999) study,
several salient teacher discursive roles were evidently defined in augmenting
students’ reasoning complexity, idea generation, elaboration and justification of
ideas. First, teachers should be active reflective and analytic listeners. Since, some
student responses that is closer to big idea of the classroom discourse (embedded in
teacher’s agenda) may lead the discourse. Thus, teachers must be awakening about
guiding analytical students responses. Reflectiveness of a discursive role refers to its
contingency on previous students responses (e.g., Boyd & Rubin, 2006). In other
words, teachers should consider and use the information embedded in previous
student-led response when asking the further questions or performing a specific

discursive role (i.e., challenging a response).
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Secondly, teachers should pursue clear constructive and productive expressions.
When a teacher notices a problem in the flow of reasoning of students, she has to
reveal and explicate the reasoning problem of students to lead their further more
healthy negotiations of meaning. Third, teachers should also look for evidence and
reasons of student-based ideas and arguments. As proposed a teacher should
deliberately ask for justification (i.e., Do you have data and evidence to claim
something like this?). It means that teachers have to actualize more demanding
discursive roles to encourage students to ponder about the topic under discussion in
explicating their cognitive operations (Lam, et al., 2009). Finally, teachers should
consider alternative points of views to select some particular student ideas to wrap up
the discussion and recontextualize the negotiation (Mortimer & Scott, 2003). This is
possible through reconciling different points of views in the middle of the classroom

by true scaffolding and discursive teacher moves.

All abovementioned teacher discursive roles affect the power issues or asymmetry of
roles in science classrooms. Engle and Conant (2002) proposed that teachers may
hand over the responsibility to students in constructing their own arguments via true
scaffolding moves. In other sense, the relations between teacher discursive roles and
students’ cognition depend upon epistemic and social framing of classroom that is
created by mainly teacher. Pimentel and McNeill (2013) confirmed the idea that if
anyone put the epistemic substructure, she determines the superstructure as social
framing that has been also proved by other studies (e.g., Berland & Hammer, 2012;
Burns & Myhill, 2004; Mortimer & Scott, 2003). To sum, if the voices of students
are increased, they are likely to contribute to classroom discourse. Then they are
likely to determine which kind of contributions are welcomed and acknowledged
(Candela, 2005; Chin, 2006, 2007; Myhill, 2006; Lefstein, 2008; Lin, 2007; Lyle,
2008). In other words, students may put the legitimizations of rational or irrational
utterances within classroom discourse. Consequently, mentioned changeovers of
epistemic and social framing between teacher and students need considerably higher
cognitive work on the part of the students that is created by teachers’ discursive roles

and was explored in this study.
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2.13.5 Dependency Analysis by Sequential Analysis Methods

The studies in this group deal with causation between discourse and cognition. There
are three studies investigating the relations between teacher discursive roles and
students’ cognition in causative sense as seen Table 8. In three studies, the scholars
used a special conversational analysis technique as Lag Sequential Analysis,
(Bakeman & Gottman, 1997) in associating behavior to another in a statistical sense
to generate causal statements. The researchers analyzed huge data corpuses to meet
the standards of Lag Sequential Analysis. This comes some limitations to these
studies since they obliged to incorporate small numbers of different teacher
discursive roles due to assumptions of the analysis. It is therefore plausible to assert
that only a few salient causal statements were reached in estimating the relations
between teacher discursive roles and students’ cognition. However, more reliable
ways of predicting the relations between teacher discursive roles and students’
cognition is only possible through Lag Sequential Analysis (Lefstein, et al., 2015;
Lefstein & Snell, 2013; Mercer, 2010; Snell, 2011).

The three studies have common points in terms of establishing causality of the
relations between teacher discursive roles and students’ cognitions. For instance, the
relations between teacher discursive roles and students’ cognitions were explained
within demand relations in the three studies. In other words, when teacher demands
more cognitive work from students through relevant discursive roles, students may
give cognitive effort to response to teachers’ cognitive demands. For instance, in the
study of Jadallah et al. (2011) when teachers demanded for evidence, students
provided evidences. This was also valid for student-led clarifications. When teacher
demanded for further clarifications, students fulfilled the clarifications. Additionally,
when teacher posed challenges, then students provided counterarguments to the
challenges of the teachers. The causal dependency of these three consecutive
discursive interactions between the teacher and the students were statistically
significant (Jadallah, et al., 2011).
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Table 8. Summary of the Studies of the Dependency Analysis by Sequential
Analysis Methods

Researchers

Sample

Context of the
study

Main findings

Jadallah et
al., (2011)

Fourth grade
classroom
consisting of
23 pupils

30 discussions of
written stories in
collaborative

reasoning groups

When teacher ‘prompts for evidence’
‘pupils provide evidence’, then teachers
‘praise the use of evidence’, and after this
‘pupils provide other evidences’. In another
interactional sequence, when ‘teacher asks
for clarification’, ‘pupils gives
clarification’, then, ‘second child
comments’ and ‘another children
comment’. Also, they showed the
dependency between ‘challenging
utterances of teachers’ and ‘responses of
children to teacher challenges’ and “another
children’s further consider the challenge’.

Molinari et
al., (2013)

Three schools
located in an
urban area of
Northern Italy
(no further
information)

12 whole-class
activity, IRE was
pervasive

Authentic teacher questions (i.e., questions
that are posed contingent on pupils’
reasoning or opinions) are associated with
complex pupil answers. However, if teacher
gives simple follow-up, IRE exchange is
reinitiated with lower-order thinking levels
of pupils. Teachers’ focused questions can
be responded in a correct or incorrect ways
by students. When this is the case, teachers’
simple and groundling follow-up occurs. If
the pupils’ responses are incorrect, teachers
may make two divergent pedagogical
decisions: refusal of incorrect response or
discursive scaffolding. Expectedly, in the
case of scaffolding incorrect responses,
students are achieved higher-order thinking
levels.

Lefstein et
al., (2015)

Three literacy
teachers (no
further
information)

Towards Dialogue
Project, 73
dialogic literacy
lessons

Teachers’ feedback mechanisms (i.e.,
simple feedback vs. elaborated feedback)
and questioning stills (i.e., open questions
vs. closed questions) are fluctuated with
length of pupils’ responses (i.¢., long,
moderate, and brief responses). Teachers’
closed questions are associated with pupils’
brief responses, and pupils’ brief responses
are associated with teachers’ simple
feedback. Then, teachers’ simple feedbacks
are associated with teachers’ closed
questions. Beyond, teachers’ open questions
are associated with pupils’ lengthy
responses, and pupils’ lengthy responses are
associated with teachers’ elaborated
feedbacks.
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Other two studies (Lefstein, et al., 2015; Molinari, et al., 2013) investigated
mentioned demand relations through triadic dialogues (IRE, IRF). Two studies
commonly found out that student responses’ (cognitive) complexity can be explained
by taking teachers’ last utterances’ (evaluate vs. feedback) direction into account. It
was evidently showed in the studies (Lefstein, et al., 2015; Molinari, et al., 2013)
when teacher provided feedback or follow-up questioning instead of solid
evaluations or affirmation of student-led responses by the third move, students
displayed a cognitive work in a fruitful sense. It was also showed in these two studies
when teachers made detailed follow-up or provided sophisticated feedback, students
provided more complex and multiple responses associated with higher-order
thinking. On the other hand, when teachers provided simple or affirmative feedback,
students then provided simple responses or no responses. As a consequence, teacher
then made no scaffolding. As a whole, it is understood that teachers’ demanding
discursive roles effect both students’ cognitive operations and their (teachers’) next
discursive roles in a better or worse direction. Simplicity brings simplicity, and
complexity accompanies with complexity in terms of the relations between teacher

discursive roles and students’ cognitions as confirmed in this group of studies.

In this study, research orientation of the second group of studies were adopted when
taking the relations between teacher discursive roles and students’ cognitions into
account even though third group of studies may permit more plausible outcomes
regarding the relations between teacher discursive roles and students’ cognitions.
There are several reasons for this preference. To illustrate, the purpose of the study
was to show the fluctuations between the teacher’s discursive roles and the students’
cognitive operations in the context of ABI approach. The ABI is a co-constructivist
(social constructivist) teaching approach and during social negotiations of meaning
within the ABI activities many unexpected events occurred while the teacher
responded to the events through diversified discursive roles. Facing with unexpected
events is the nature of the ABI approach. Since, the teacher initiated the social
negotiations of the meanings by primarily considering the students’ everyday social

languages. When it was the case, the students naturally caused deviations from the
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agenda of the teacher or big idea of the ABI activity. In other words, there was a
pedagogical and discursive tension for the teacher by both considering the students’
everyday social languages (decontextualisation) and directing student to use the

social languages of science (recontextualisation).

Therefore, in this study, the relations between teacher discursive roles and students’
cognitions could not be investigated in a narrower sense. A narrower sense refers that
a few teacher discursive roles (i.e., teacher open and closed questions, teacher simple
and elaborate feedback) and a few student cognitive operations (i.e., pupil brief,
moderate and lengthy responses) were examined within causality. However, during
the ABI activities, the students were involved in the moments of doing science. Thus,
it was not rational to expect a small spectrum of exchanges or interactions between
the students and the teacher. Put it differently, it was more plausible to keep an
extended list of teacher discursive roles and students’ cognitive operations. In brief,
this study renounced from causality by considering the higher variance in discursive
events in the ABI approach. It does not mean that the studies adopted (lag) sequential
analysis conducted are not worthiness. In contrast, they are considerably valuable in
causing about the relations between teacher discursive roles and students’ cognitions.
However, because of research purposes addressed in this study and some technical
limitations, a dependency analysis permitting causality of the relations between

teacher discursive roles and students’ cognitions was not possible.
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CHAPTER 3

METHODOLOGY

3.1 Introduction

This study includes two main purposes as to define the teacher discursive roles
played out in ABI implementations, and to explore the relations between the teacher
discursive roles and the students’ cognitions. For these two purposes, five research
questions were structured and listed below. First research question is related to the
first main purpose of this study, and RQ2, RQ3, RQ4 and RQ5 are related to the
second main purpose of this study. The five research questions of the study are listed

below:

1. Which types of teacher discursive roles were performed by the teacher over
the course of in class-implementations of the ABI?

2. Which types of teacher discursive roles were played out by the teacher
allowing enlarged quantitative cognitive contributions of the students over the
course of the ABI implementations?

3. What were the patterns between the teacher discursive roles and the students’
cognitive pathways over the course of the ABI implementations?

4. What were the patterns between the students’ reasoning and the teacher’s
discursive roles during the ABI implementations?

5. What were the patterns between the students’ argument structures and the

teacher’s discursive roles over the course of ABI implementations?

The being played out teacher discursive roles and the relations between teacher
discursive roles and students’ cognition were explored in a special instructional
context where the ABI implementations were handled. This chapter introduced

design of the study, the context in which implementations of the ABI approach were
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undertaken, identification of data collection tools, types of data analysis, stages of

data analysis and trustworthiness of data gathering and analysis procedures.

3.2 Research Design

Basic qualitative research approach was used in this study (Merriam, 1998, p. 11). In
this study this research approach was used specifically to reveal the dynamic patterns
among teacher discursive roles and student cognitions in the context of the ABI

implementations.

Conducting a basic qualitative approach provided several advantages in examining
the relations among teacher discursive roles and student cognitions. There were
several in-class implementations of the ABI activities. During these activities, it was
expected that there would be sharpened differences regarding the dynamic relations
between the teacher discursive roles and student cognitions. Similarly, there might be
communalities across the ABI implementations in terms of the relations of the

teacher discursive roles and student cognitions.

A basic generic qualitative approach therefore permitted to extract divergences and
convergences between the teacher discursive roles and the student cognitions across
the ABI activities. In other words, basic qualitative approach allowed comparing and
contrasting the ABI activities in which teacher discursive roles influencing student
cognitions were played out. This research approach was generally utilized by
researchers to clarify recurrent patterns of themes or categories, which explore or
understand a phenomena or a process not to focus on culture or build a substantive
theory as achieved in theory ground studies (Merriam, 1998). Thus, it allowed
exploring the reasons of the substantial changes in relations of the teacher discursive
roles and the student cognitions by virtue of varied data sources (classroom video,
field notes and member check interview with the teacher) in an in-depth manner

compare to typical quantitative studies with larger sample sizes.
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3.2.1 Participants

Participants of this study were an elementary science teacher and 19 seventh grade
middle school students in one of the classrooms of this teacher. The teacher was
selected among many teachers who were attended an international project aiming at
dissemination of student-centered in-class activities in national context. During the
summer workshops of the project, all participatory teachers were deliberately
observed and they were involved in several informal conversations regarding the in-
class implementations of student-centered approaches such as the ABI. The selected
teacher for this study was willing to implement ABI approach in her classrooms. The
teacher has been teaching for 12 years. She has taught elementary and middle school
science through four to eight grades. She was graduated from physics teacher
education program and thought physics classes for the first year of teaching. For the
following 11 years, she has been teaching science at elementary and middle schools.

She worked in different cities in Turkey.

The students were 7" grade, 19 (Females = 12, Males = 7) middle school students.
Their ages were varied from 13-14. On average, the students were known as
moderately successful group in nation-wide and in-school examinations. In the class,
there were two students who have special abilities in learning secondary languages as
they were able to exhibit English theatres. There was also a chess team leader (a boy)
in the classroom and as he was overly good at mathematics. A boy in participants
had specific learning needs. He had been accepted an inclusive student for four years
in the school. Special education experts had provided support him to be successful

for regular needs of formal education.

The students had no experiences with the ABI approach. They used to learn scientific
concepts in light of the students-centered learning experiences suggested in science
curriculum. They also used interactive digital mediums (SmartBoard, simulations,
and instructional software) to conduct experimental procedures (i.e., controlling

variables or multivariable thinking). These types of instructional approaches and
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activities are all derived from recent curriculum of elementary science teaching.
Even though student-centered teaching learning practices suggested in science
curriculum, the teacher acknowledged that she had lectured the elementary science

content mostly and let students to do scientific experiments.

During the ABI implementations, the students collected their own data to develop an
argument for the first time. In addition, social negotiation of meaning was not the
routine instructional pedagogy of the classroom. Social negotiation of meaning
referred that they had opportunities to contribute the classroom discourse during
whole group discussions. Prior to the ABI implementation, During ABI
implementations both the researcher and the teacher observed that the students
engaged in the ABI activities with a great eagerness and enthusiasm as they were

allowed to talk freely in an intellectually comfortable context.
3.3 Research Context
3.3.1 The School

This study was conducted in a private school. The school was located in the capital
city of Turkey. The county in which the school was located has a 632.286 population
(Turkish Statistical Institute, 2015). Students in the school had instructional hours
from 09.00 am to 16.00 pm. After 16.00 pm, there were two-hour periods for
students to do free-time activities, homework assignments, and preparations for
nation-wide examinations with supervision of their teachers. The school had 125 K-5
students and 127 middle school (6™-8" graders) students; totally had 252 students
during 2014-2015 school years. The school had facilities for social and sportive
activities. Teaching language in the school was Turkish. The students had intensive
foreign languages (English, German and French) instructions. The school directors
depicted their school as environmentally-friendly. Regarding technological devices,
school directory tried to choose least radiation-releasing products. The directors and
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the teachers had participated in the projects, contests, symposiums and panels

regarding environment and sustainability.

3.3.2 The Classroom

The implementations of the ABI approach were handled in science laboratory. There
were two laboratories (small and large) in the school. Implementations were
conducted in the larger one. The laboratory was located in the third floor of the
school and approximately 40 m? sized. The lab was a square-shaped room and had
one exit along the right side wall and a large window on the back of the room. A
SmartBoard was connected to the teacher’s computer. The teacher had a desk at the
front right of the lab with a helpful mini-table next to the teacher desk. The students
sat around five rectangular tables typically in groups of four or five. There were three
material cabinets with bookshelves. There were various science materials; scientific
models such DNA, atom, big bang and they were stored into the cabinets. There were
detailed written lists of the chemical substances, experimental materials and other
supportive test equipment on the cabinets. There were also students’ posters on the
walls. The empty space of the lab was adequate for the experimental procedures of

the working groups during the ABI implementations.

3.3.3 The Project and Familiarizing the Teachers to the ABI

This research may be considered as an outcome of large-scaled and international
project. The official title of the project was “Chain Reaction: A Sustainable
Approach to Inquiry-Based Science Education” and it has been supported in the
scope of the invitation of “Coordination and Support Actions (Supporting). Science
in Society. Area 5.2.2.1 SiS-2012.2.2.1-1 Supporting and coordinating actions on
innovative methods in science education: teacher training on inquiry based teaching
methods on a large scale in Europe” (accessed from http://www.chreact.eu/ on
09.10.2016).
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Chain Reaction Project was a three-year project and it was founded by the European
Commission. The primary aim of the project was to develop Inquiry-Based Science
Education (IBSE; the project’s concept) across twelve partner countries as Turkey
was a partner. The project sustained participatory IBSE professional development to
teacher education professionals and teachers. Each participating country improved
tried and tested inquiry-based science resources during the project. Participating
teachers had multifaceted opportunities to implement IBSE in their classrooms. Once
fully confident with the IBSE approach, the participating teachers delivered a series

of learner-centered implementations.

At the beginning of the workshop all participatory teachers’ alignments of teaching
beliefs and practices were rigorously negotiated (Bryan 2003; Guskey 2002; Putnam
and Borko 2000; Richardson 1996). In other words, teachers’ learner-centered beliefs
of teaching were determined. After analysis of these beliefs, the teachers were
acknowledged about their beliefs whether they are teacher-centered or student
centered. It was found that most of the teachers were holding teacher-centered
beliefs. Thus, these teachers were good candidates to be participants in this study to
have experiences regarding ABI approach.

In this sense, to achieve the basic goals of the project as to actualize IBSE in Turkish
classrooms via teacher training, preparation and providing feedback, members of the
Turkish project team tried to disseminate the activities of IBSE by means of the ABI
implementations. During the project’s workshops, teachers were also engaged in the
ABI activities to have experience regarding how would their students response this
kind of interactive in-class activity. Then teachers were followed, monitored and
supported to implement similar ABI activities in their own classrooms with the guide
of project team members. Expectedly, almost for every teacher, it was challenging to

implement ABI approach in their classrooms.

The participatory teachers were also allowed to examine the ABI approach in a

linguistic way. They examined the role of language in learning science. They
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understood that learning science is to learn the new ways of thinking and talking
about the natural phenomena as scientists have. The teachers had also opportunities
to discuss and reflect upon the practical, contextual and pedagogical issues regarding
the ABI implementations. There were long and self-reflective moments within
renegotiations of the pedagogical meanings of the ABI approach between experts
(project members) and the teachers. Moreover, the teachers in groups studied to
design instructional units built around a big idea in science that were consistent with
the ABI approach and completely curriculum-based. This required generating

complex concept maps and collectively filled the ABI teacher template for teachers.

During the summer workshop, the teachers acquired the basic conceptual and
practical tools of the ABI approach. There were sub-sessions in which strategies for
forming researchable questions in science lessons were broadly discussed and
performed. In addition, in an epistemological stance, the difference and cognitive
relation between data and evidence was negotiated. Examples were given by the
teachers to reinforce the idea that data plus reasoning creates the evidence since the
data do not speak up. In addition, as a core of the ABI approach, questions-claims-
evidences were discussed and performed by the teachers. Since, in a brief sense, ABI
implementation begins with a research question that is generated after the initial
negotiation of the meaning among the community of practice. Then every student
groups generate their claim about the answer of the previously constructed research
question. Finally, every group tries to understand the evidences whether the pre-set

claims/assertions are rational in the light of other groups’ works.

All abovementioned procedures consisted of the reflective voices of the teachers.
They were freely talking about their feelings and questions about the ABI approach.
The workshop was maintained during three days with extensive attendance, lasted 24
hours that was intensive and productive. Then, the selected teacher was proposed to
continue offsite (workshop setting) and onsite (school, classroom setting)
pedagogical support to adopt the ABI approach as a routine pedagogy. In a typical

sense, a holistic and complete support in adopting the ABI approach as a routine
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pedagogy needed receiving offsite and onsite professional-pedagogical support
where the fundamental components emphasized in the workshop could be discussed

in the sense of actual classroom experiences.

The researcher of this study had a chance in contributing to the project over two
years. In this journey, the researcher worked with many teachers and provided
professional help to teachers to implement ABI in their classrooms. In undertaking
the responsibilities of the project, the ABI approach provided a pedagogical thinking,
planning, designing and implementing toolkit for the teachers to implement authentic
IBSE activities.

In sum, the project provided experiences to the researcher of this study to understand
how a teacher and her students achieve meaning making in their science lessons
through ABI approach. For this dissertation the ABI approach were also chosen as a
research context throughout this project and the researcher developed an insight to
investigate detailed descriptions of the fluctuations regarding teachers discursive

roles in relation to student cognitions.
3.3.4 Context of the Study: Science Content and ABI Implementation

There were 22 implementations of the ABI approach in the teacher’s classroom
during the school year (2014 - 2015). There were three instructional units in the
recent curriculum (7" grade) where the teacher implemented the ABI activities.
These three units covered nearly half of the objectives of the seventh grade science
objectives (Niotai=78; Nselected=37 aS 47.4% of all outcomes). Across three units, there
were eight science contents. Details of the eight instructional teaching sequences of
the ABI approach were summarized in Table 9. As seen in Table 9, 10 ABI activities
(20 lesson hours dedicated) were conducted within force and motion unit. Remaining
12 ABI activities (24 lesson hours dedicated) were actualized in other two
instructional units (matter and properties, light and energy).
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Table 9. Instructional Units for ABI Implementation Science Curriculum

. Recorded ABI Recorded ABI Content of ABI
No. Unit

lessons hours implementation
2 4 Springs
2 4 Inclined Plane
1 Force and Energy 3 5 Levers
3 6 Fixed pulley
. 3 6 Solutions
2 Matter and Properties 3 5 Surface tension
) 3 6 Reflection of light
3 Light and Energy 3 6 Refraction of light
Totals 22 44

In order to implement ABI activities effectively, the teacher and the researcher
engaged in detailed lesson preparation procedures. Preparation procedures can be
seen in Figure 1 and were consisted of concept mapping, completing ABI teacher
template, defining variables, scene staging, identifying student-based questions,
alternative scenarios, establishing B plans. Concept mapping was useful in
reconsidering the teacher’s conceptual framework about the science subject
presented through the ABI approach. In addition, through concept mapping the big
ideas of science were detected that lead the teacher’s pedagogical reasoning and flow

of the discursive roles to reach the big ideas.

The teacher also completed the ABI teacher template in order to envisage the
negotiation cycles in the classroom in her mind. In addition, completing the teacher
template presented the teacher a teaching agenda for the ABI approach. By concept
mapping and completing the teacher template, the teacher had opportunities to define
and clarify the variables that would be investigating by her students.
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Figure 1. Steps of the Teacher Preparation for the ABI Activities

Indeed, the teacher preparation prior to class was an estimation process for the
teacher. Since she pondered to predict which types of variables (i.e., mass, height,
inclination angle, amount of added salt, etc.) could be reasoned about by the students
through initial social negotiations of the meaning. Scene staging indicated how the
teacher started the lesson. There had to be an attention-gatherer question or an
attractive demonstration of science. In addition, preparations for scene staging
consisted of an array of estimations of which questions students could pose to
research into as well as which irrelevant variables the students could suggest and

how the teacher could eliminate the irrelevant ones.

In the ABI implementations, the students generated their own questions by inserting
their variables that they desired to investigate. Thus, for a diversified process of
research question generation of the students the teacher had to presume student-based
questions in order to revise and edit them before they wrote up their questions. Thus,
in the preparations, student-based questions were predicted and precautions were

taken since the students might pose irrelevant and unsearchable questions.
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As introduced later in this chapter, the ABI implementations were maintained mainly
in three consecutive phases: initial social negotiations of meaning, experimenting and
whole group discussions. If an ABI activity was started and maintained with an
attractive negotiation topic, it would be more plausible to expect students to devise
researchable research questions. Thus, the teacher had to have secondary or
alternative scene staging, B plans, if the group did not engage in the negotiation of
meaning with the previous initiations of the teacher. To sum up, all abovementioned
preparation procedures provided the teacher many opportunities to implement the
ABI in a desired way. Thus, it also allowed gathering valid data for researcher to

explore relations between the teacher discursive roles and student cognitions.

3.4 Implementations of the ABI Activities

There were three interrelated phases of an ABI activity. These were initial social
negotiation of meaning, experimenting and whole group discussions. Indeed, three
phases were intertwined with questions-claims-evidences (Hand & Keys, 1999). A
diagrammatic representation of the phases of the implementations can be seen in
Figure 2. To explicate, in the first phase, the teacher initiated the negotiation with a
question or attractive science demonstration. The teacher-led questions or
demonstrations were mind-stretching and engaged the students in cognitive
confliction to ponder about the natural phenomena in a deeper sense. The role of the
teacher in this stage was to listen the student responses, find their thinking fallacies
and reposing other scaffolding questions to lead them to the variables. The initial
social negotiations of the meaning were commonly lasted within 25-30 minutes. In
the end of initial negotiations, the students were allowed to design their own research
questions based upon the variables that were previously discussed. To note, a well-
undertaken initial negotiation of meaning was important for the next phases. Since
the quality of the initial negotiations were indicative in guiding students to design

better research questions for their experimenting procedures.
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Figure 2. Intertwined Phases of the ABI Implementations

The experimenting of the students were the processes where the students gathered
their own data and reasoned about the data to generate evidences to support their
claims. The teacher had several roles in experimenting phase. Since the quality of the
third phase (whole group discussions) was greatly based upon the diversity and
quality of student questions and experiments (data collection, analysis, and
interpretation). First, in experimenting, the teacher had to scaffold students to
redefine their own research questions. Since most students were not able to write up
the questions by explicitly inserting the salient variables. In addition, the students
might have tendencies in exploring the same research question with same variables.
The teacher in this context had to make a variation by means of guiding some groups
to other variables to explore. The students were also liable to examine only one
variable during their experimenting. However, a rigorous experimenting within ABI
approach required multivariable reasoning. For instance, within the implementation
of inclined plane when the students decided to comparing the arriving time of two
different weighted masses to the bottom of the inclined plane, they were only dealing
with the mass variable. The teacher thus guided the students to examine mass
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difference as well as height of the inclined plane or inclination angle as secondary
variables. When this was the case, the students were engaged in multivariable
experimenting that is the core of an ABI approach (e.g., Cavagnetto & Hand, 2012).
Moreover, the students had a tendency to make experimental measurements only a
few times. The teacher walked around all groups to model to make more
measurement to generate more reliable and credible evidences. Experimenting
procedures were lasted 20-25 minutes. After experimenting, all groups wrote up their

question-claim-evidence onto the chalkboard to present their findings to the all class.

The last phase of the ABI approach was whole group negotiations. In typical ABI
implementations, student groups try to convince other groups by presenting their
experimental results (i.e., question, claim, and evidence) as it was the case in the
teacher’s classroom. The teacher had also several discursive roles in this phase. First,
she invited the groups for their presentations with a specific order. Since the purpose
of a ABI activity was to proliferate in-depth negotiations. Thus, the contrast findings
of the groups were detected and recorded by the teacher to augment the depth of the
negotiation of meaning. Once the students presented their question, claim and
evidences, the teacher invited other groups to criticize the group by asking questions
and providing suggestions. The groups criticized each other in terms of relevancy of
research questions, the reliability and validity of data collection procedures, the
linkage between the data collection-interpretation and research questions, the derived
arguments from the collected data, whether a group’s evidences support their initial
claim, and so forth. The students were more serious and engaged in rigorous
negotiations by means of the teacher’s discursive roles since they had their own data.
The teacher also gathered attention to some specific points by virtue of specific
teacher discursive roles. For instance, the students created data tallies and graphical
representations. The teacher intentionally asked the group why they preferred to
present their data via graphics. This gathered attention since it was more credible to
present the collected data with modal representations. The teacher also compared for
instance two groups’ results that had similar or close research questions but divergent

evidences to support their claims. These were the richest moments where the
97



discursive interactions between the teacher and the students were maximized. The
whole group discussions were lasted 30-35 minutes. To sum, in three phases the
teacher and the students had numerous discursive interactions to make meaning of
natural phenomena. These phases provided ample data to investigate the nature and

structure of relations between the teacher discursive roles and student cognitions.

3.5 Data Collection Procedures

In this study, data were collected from three different sources to examine into five
research questions. The data mainly included classroom video, field note and
member check teacher interview. The data were collected from different sources to
triangulate and compensate the interpretations regarding the detected teacher
discursive roles for ABI and the relations between the teacher discursive roles and
students’ cognition (Patton, 2001). The data sources were qualitative, therefore,
shared similarities. However, the data sources had distinctive aspects allowing in-
depth and contextually-shaped interpretations (Stake, 1995). Table 10 and Table 11
show the summaries of the data types, data sources, purpose of each collected data

and items collected.

3.5.1 Classroom Video

There were 22 ABI lessons that were lasted 1760 minutes and captured by video
recording. Classroom videos were the primary data source in this study. Since, all
five research questions were examined by in-depth analysis of the verbatim
transcripts of the video recordings. The researcher was at the school during video
recordings. Thus the teacher made effort only to conduct the ABI activities without
any technical difficulties as the researcher arranged the places of cameras and zoom-
in moments by walking around the classroom by not disturbing class persons to

capture all voices.
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Two cameras were placed in the laboratory. One camera was placed in the back of
the laboratory, other at the front of the laboratory in order to capture most of the
classroom activity. Simultaneous talk initiations of students could be separated from
each other in video records. Every student’s and the teacher’s voices were mostly

clear in the videos. Visual qualities of captured scenes were in high quality.

Table 10. Details Regarding Primary Data Source as Classroom Video

Source of . Collected items Research
Type of data Purpose of collecting .
data questions
To detect discursive
roles played out
Whole class QUrllng the A.BI 22 video-recorded
videosofall  '"MP ementations, to lessons (1760 mins) m h
Clowioom ool 0TSOt sl
ABI (first Y video-records (640 g
and the patterns .
order) mins)

between the teacher’s
discursive roles and
students’ cognitions

As mentioned, there were 22 implementations of the ABI activities during 2014-
2015 school years. There were two classes of the teacher who were taught by the
ABI in science lessons. These were Class A and Class B. About half of the
implementations were conducted in Class A (n = 10) and remaining in Class B (n =
12; Figure 3). The first three implementations were dedicated to the first trying of the
ABI activities. These three dedicated trying was implemented both in Class A and
Class B. During these initial trying processes, the students became more familiar to
the lines of the ABI.

As seen Figure 3, the researcher and the teacher decided to select one of the classes
(i.e. Class A or Class B) of the teacher to implement a planned and designed ABI
activity for the first time in order to edit and enhance the scope of the activity. Then,
by means of informal conversations regarding first trying of the ABI activities, the
teacher and the researcher negotiated insufficient and failing points of the

implemented activity.
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Table 11. Details Regarding Secondary Data Sources

Type of data Source of data Purpos_e of Collected items Resea_rch
collecting questions
To understand on
site occurring to
detect some study
specific aspects
of the relation 22 field notes
between the recorded during .
. Whole class teacher discursive the Particularly for
Field notes (second order) roles and implementations RQZ:&ngs,’SRQ4
students’ of the ABI Q
cognitions, help activities
illustrate what
may not be well
captured through
classroom video
To member check
with the teacher
about her
Member Check agflt;;i;hésgﬁd discursive rqles, l\\évﬁ]tt)\groéﬂglcjli Particularly for
Teacher order) and the relations interview after RQ2, RQ3, RQ4
interview between the her & RQ5

discursive roles
and students’
cognition

the data analysis

To sum, the nine ABI activities conducted in Class B were devoted to edit and

enhance the activities to re-implement them in a more relevant pedagogical manner

in Class A. The first trying class decided as Class B, since the teacher actualized the
ABI approach first in Class B in the morning hours (09.00-11.00 am). Then, the
teacher had a second chance to edit some nonworking points to display a better
performance in implementing the ABI approach (13.00-15.00 pm).
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22 implementations of the ABI
approach during 2014-2015

school year
A
Class A (n=10) Class B (n=12)
Three initial ABI Three initial ABI
implementations implementations

Nine “first-trying” of
planned ABI
implementations

Seven “main implementations”
of the tested ABI
implementations

Figure 3. Implementations of the 22 ABI Activities in Class A and Class B

3.5.2 Secondary Data Sources and Rationalities

As mentioned, the main data source of this study was classroom video. In addition to

classroom videos, field notes were systematically collected during all

implementations of ABI. An in-depth teacher interview was also conducted after the

data analysis procedures in order to share the findings with the teacher in the sense of
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member checking. As seen in Table 12, member check interview with the teacher
and field notes are related with RQ2, RQ3, RQ4 and RQ5.

Table 12. Purposes of Secondary Data Sources

Secondary data sources

Resea}rch Purpose of the RQ Field notes _Teacher
questions interview
RO1 Identification of teacher discursive roles for ABI None None

approach
Identification the relations between teacher discursive
RQ2 roles and quantitative cognitive contributions of the X X

students

Identification the relations between teacher discursive
RQ3 ; .. X X
roles and students’ cognitive pathways

Identification the relations between teacher discursive
RQ4 , . X X
roles and students’ reasoning

Identification the relations between teacher discursive

RQ5 roles and students’ argument structures

Secondary data sources were used in this study in order to make any groundling
causal assertions regarding the reasons of the divergences or convergences across the
analysis of video transcripts (video cases). For this study, a divergence across the
video cases stands for there was a different emerged pattern in terms of the relations
between the teacher discursive roles and the students’ cognition for research

guestions as RQ2, RQ3, RQ4 and RQ5.

An example makes the point clear. As seen Table 11, RQ5 deals with the exploration
of the relations between teacher discursive roles and students’ argument structures.
This relation was explored within seven video cases analyzed. Presumably, there
might be differences across the emerged patterns that were extracted by the analysis
of the video cases. For RQ5, the difference can be interpreted for the teacher
discursive roles and accompanied students’ argument structures. In this sense, if
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there would be a substantial difference between, for instance, the first video analysis
and fifth video analysis, this difference would be illuminated by means of analysis of
secondary data sources as field notes and member check teacher interview for the
sake of this study. The secondary data sources were only considered and analyzed if

there is a considerable divergence between two or more analysis of video cases.

3.5.2.1 Field Notes

Field notes are the notes as the researcher took in the field as classroom during the
ABI implementations. In this research, field notes mean the detailed notes the
researcher recorded during the ABI implementations as he observed what was going
on within classroom discourse (Creswell, 1998; Morse, 1994). The recorded field
notes were the researcher’s written accounts of what he heard, saw, experienced, and
thought in the course of the ABI implementations in terms of teacher discursive roles
and the relations between the teacher discursive roles and the students’ cognition.
Bernard (1994) defines three types of the field notes: field jottings, field dairies and
field logs. For the purposes of the researcher’s field note recording, structured field
jottings were used. A field jotting refers to quick field-based notes about something
the researcher wants to write up more in-depth about later on (Bernard, 1994,
Creswell 1998, 2008). Field notes were used to characterize the both expected and

unexpected events occurred during the ABI implementations.

In this study, field notes were recorded in response to detected divergences across the
video analysis cases in terms of RQ2, RQ3, RQ4 and RQ5. To frame the researcher’s
mind to record theory-laden (e.g., basics of ABI approach) field notes, a flexible and
mechanic leading structure was composed. For this study, some points of the

structure for a field jotting can be seen in Table 13.

The examples of the abovementioned criterions derived from the experiences of the
researcher and the related literature (Cavagnetto, 2010; Cavagnetto & Hand, 2012;

Cavagnetto, Hand, & Norton-Meier, 2010; Keys, Hand, Prain, & Collins, 1999). In
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other thesis researches related to the ABI approach (e.g. Benus 2011; Pinney 2013),

the criterions stated in Table 13 were also used to frame the researchers’ minds to

characterize classroom events that substantially shift the flow of the classroom

discourse particularly in terms of the relations between the teacher discursive roles

and the students’ cognition.

Table 13. Sections of the Field Notes Associated with the ABI Implementations

Three interrelated phases of the ABI implementations

Initial negotiation of meaning

Experimenting

Whole group discussions

Criterions

Criterions

Criterions

Might the teacher initiate the
negotiation by an authentic
cognitive confliction students
have?

Might the teacher scaffold the
students to collect data from
different sources?

In which order the teacher
invite the student groups to
present their findings?

Might the teacher aware the
students they have conflictions
in their reasoning?

Might the teachers prompt the
students to collect data in a
valid and reliable way?

Might the teacher focus on the
other modes of thinking (e.g.
presenting the results with the
graphs) when the student
groups presented their
findings?

Might the teacher collect
student-led variables that
would be used in the students’
own research questions?

Might the teacher discuss the
questions students posed
whether it is researchable or
not?

Might the teacher discuss
student-led variables with
students whether the variables
are attached to the content
under negotiation?

Might the teacher lead a student

group to explore another

research question that a student

groups already investigated?

Might the teacher lead students
to write up research questions
consisting more than only one
variable (multivariable
thinking)?

The researcher framed his mind by the sample items or questions given above.

Mentioned sample items were derived from the intertwined cycles of the ABI

implementations (Cavagnetto, 2010; Cavagnetto & Hand, 2012; Cavagnetto, Hand,

& Norton-Meier, 2010) as explained earlier.
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An example makes the point clearer. In terms of the initial negotiations of meaning
phase of an ABI implementation, the teacher might gather the student-led variables
that the students composed their questions around the variables. In this sense, a
teacher may just simply collect the student-led variables or s/he deliberately
negotiates why a student is of the idea that a variable influences the phenomenon
under negotiation. In terms of former case, the discursive interactions between the
teacher and the students can be decreased since mentioned influencing variables were
easily acknowledged by the teacher. However, when a teacher deeply interrogates the
reasons of the exemplified variables, students may be guided to make justifications
regarding the variables they mentioned. These small but considerable moments may
modify and reshape the relations or patterns between the teacher discursive roles and

student cognitions, in this case argument structures.

3.5.2.2 Member Check Teacher Interview

Other secondary data source was the member check teacher interview. The member
check teacher interview protocol was based on the findings obtained from in-depth
analysis of classroom videos of the teacher as she personally conducted all the ABI
implementations. The member check teacher interview was particularly for
responding RQ2, RQ3, RQ4 and RQ5.

The member check interview has been also known as member validation (Seale,
1999). According to Lincoln and Guba (1985) a member check interview stands for
“the provisional report (case) is taken back to the site and subjected to the scrutiny of
the persons who provided information” (p. 236). In this sense, during the member
check teacher interview, the researcher checked the person (teacher) who provided
information since the teacher was able to determine if the researcher has actually
reported the relations between her discursive roles and the fluctuations or changes in
her students’ cognitions. In atypical sense, the member checking interview is mainly
accounted for the validation of a study (Angen, 2000; Creswell, 1998; Sandelowski,

1993). Moreover, Lincoln and Guba (1985) indicated that a well-designed and well-
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conducted member check interview is the most crucial approach for locating the

validity by means of credibility.

Prior to administration of the member check interview to the teacher, the designed
protocol was externally audited by an expert specializing in qualitative research
methods (Creswell, 1998; Lincoln & Guba, 1985). After taking the expert revisions,
some of the recommended modifications were carried out. The design of the final
version of the member check teacher interview protocol included imperative, probing
questions and sub-questions to capture the vital focal aspects of teacher’s
interpretations regarding what was happening in the ABI implementations and why
this had happened in the way that was observed (Creswell, 1998; Lincoln & Guba,
1985).

The member check teacher interview protocol consists of four related sections. All
details of the member check teacher interview protocol can be seen in Appendix-B.
The protocol sections, their contents and descriptions can be seen in Table 14.
Section-1 was dedicated to evoke and remind the teacher to make more valid a
member check interview. Since, the teacher had to remember what was happening in
the each ABI implementation she personally had conducted. In order to ensure the
teacher’s evoking and remembering all the video transcripts and video record were

shared with the teacher.

In Section-2, a summary of the findings obtained from the data analysis processes
was shared with the teacher. In this sense, the purpose was to provide additional
information to the teacher regarding what the researcher reached with analysis of the
video cases. This provided the teacher the opportunity to assess the preliminary
findings in addition to confirm particular aspects of the analyzed data. In Section-3,
the researcher shared with the teacher how he reasoned about the collected data when

he analyzed them.
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Table 14. Sections, Contents and the Descriptions for the Member Check Teacher

Interview
Protocol Contents Descriptions
Sections
The teacher was evoked and reminded
Section-1 Evoking and what was happening in each case of

Reminding ABI implementation.

The researcher presented to and shared
Section-2 Findings of the Study with the teacher a clear summary of
findings of the study without any
interpretation.

The researcher presented to and shared
Section-3 Reasoning of the with the teacher his data-based and
Researcher theory-driven reasoning for the found
out patterns across the ABI
implementations.

The researcher posed some neutral
Section-4 Teacher’s probing questions in order to capture
Interpretations the teacher’s interpretations regarding
the findings of the study and reasoning
of the researcher.

This provided the teacher the chance to correct erroneous interpretations of the
researcher, rationalize the researcher’s reasoning, and also challenge what might be
conceived by the researcher in a wrong sense. In Section-4, the teacher was invited to
make data-based and experienced-based (her personally conducted) interpretations
regarding the relations between her discursive roles and her students’ cognition. All
these procedures provided the chance to the researcher to have additional volunteer
information by means of a stimulated recall sessions by the playing-back procedures
(Lincoln & Guba, 1985).

During member check interview meeting, to ensure that the researcher gained as
much information as possible from the teacher, he was careful to allow her sufficient
time to consider each Section and to respond in as much detail as she wished. The
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purpose of the member check interview and the researcher’s intentions were
explained explicitly and sincerely to the teacher. There was no intention to judge or
evaluate the teacher’s responses. The control of the conversation flowed from
interviewer to interviewee and vice versa. The researcher believes that the teacher

was encouraged to talk freely and completely externalized herself.

3.6 Data Analysis

3.6.1 Types of Data Analysis

In this section only data analysis types are introduced, then, in later sections, data
analysis procedures will be detailed. There were two interrelated phases of data
analysis as seen in the Figure 4. These were Sociocultural Discourse Analysis (SDA)
and Selective Data Coding (or analysis, SDC). SDA was used for the analysis of the
seven verbatim of classroom videos. SDA was conducted in response to all research
questions (from RQ1 to RQ5). SDA had two sub-phases: (i) coding-counting, (ii)
episode analysis. SDC was also conducted to account for the divergences and
convergences across the seven cases of the ABI implementations regarding the
relations between the teacher discursive roles and students’ cognitions across the
seven video classroom transcripts. SDC was achieved through the analysis of the
field notes and the member check teacher interview. SDC was for RQ2, RQ3, RQ
and RQ5.

3.6.1.1 Sociocultural Discourse Analysis

Wegerif and Mercer’s (1997) used SDA in analyzing classroom discourse in order to
eliminate the weaknesses of two analysis methods (quantitative vs. gqualitative) and
combined a more powerful analysis approach. Mercer and his contemporaries
(Knight & Mercer, 2015; Mercer & Dawes, 2014; Mercer, Littleton, & Wegerif,
2004; Mercer, 2002, 2004, 2010, 2013; Wegerif & Mercer, 1997) have often called

SDA as a methodology, not a method of analysis of classroom discourse. Since, as
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Mercer (2004) advocated, SDA is not just a method rather it is a context-based and

study-specific combination of analysis methods (qualitative and quantitative).

[ TYPES OF DATA ANALYSIS J

SOCIOCULTURAL SELECTIVE DATA
DISCOURSE ANALYSIS CODING
For the five research For RO2, RQ3, RO4 and
questions of the study RQS5 through the
through the analysis of analysis of “Field
“Classroom Video Notes” and “Member
Transcripts” Check Interview”
Codlng & Coding
Counting
Collapsing

Episode Analysis

Themes

Figure 4. Types of Data Analysis and Coding

Context-based and study-specific refers to that a researcher may deal with diverse
research questions and have different research purposes as adopted in this study. The
research questions researcher deals with can be required both quantitative and
qualitative data analysis procedures (Mercer, Littleton, & Wegerif, 2004; Mercer,
2002, 2004, 2010, 2013; Wegerif & Mercer, 1997). Thus, instead of just selecting a
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method of analysis, it might be more plausible to integrate them and profit from the

strengths of more than one method of classroom discourse analysis.

In the simplest terms, discourse analysis refers to “analysis of episodes of talk in
social context” (Mercer, 2004, p. 141). When the term sociocultural is added to
discourse analysis, it refers to analysis of joint intellectual activity. It means that only
teacher and students are enable creating a common and shared knowledge by means
of social negotiations of meaning and collective intellectual efforts (Knight &
Mercer, 2015; Mercer & Dawes, 2014) as valid for this study.

Indeed, the participatory students’ cognitions and social-cultural context (the class’s
socio-cultural context) in which the cognitive operations were played out in the
presence of the teacher’s discursive roles are the primary concerns of any SDA
(Knight & Mercer, 2015; Mercer & Dawes, 2014). In addition to this, SDA may
allow not only fine-grained and in-depth analysis of joint cognitive engagement as
the participatory teacher and the students achieved, but also cognitive operations’
development and some specific learning outcomes (development of argument
structures, cognitive pathways, reasoning typologies) can be wisely analyzed by
SDA (Knight & Mercer, 2015; Mercer & Dawes, 2014; Mercer, Littleton, &
Wegerif, 2004; Mercer, 2002, 2004, 2010, 2013; Wegerif & Mercer, 1997) as the
main purpose of this study.

The main purpose of conducting a SDA in this study was to model a context-specific
and study-specific complementary and compensatory use of qualitative and
quantitative analysis methods. In brief, as detailed in later, the researcher operated
two sub-phases of analysis of classroom discourse to attain a SDA (see also Figure
4). First, the researcher did systematic observation (Mercer, 2010) by counting and
coding the occurrences of the discursive interactions between the teacher and the
students based on theory-driven and data-based coding schemes (i.e., will be
mentioned as Coding Catalogues). The researcher also used some study-specific

qualitative analysis to eliminate restrictive aspects of quantitative analysis as
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systematic observation. This was the second sub-phase of the SDA analysis and
called episode analysis or analysis of extracted episodes. Episode analysis in addition

to systematic observation was needed for several reasons explained below.

For instance, some particular extracted parts as in the forms of small pieces of
episodes of classroom talk were used to declare some contextual differences among
the being coded teacher discursive roles or among students’ cognitions. Since, there
was a temporal, contextualized and dynamic nature of the language that was
generated in the classroom of the teacher and the students (Mercer, 2004) and was
created during the ABI activities. It means that the language was created by the
students and the teacher and it was played out in a specific context. Nevertheless, the
language had also previously created this context. In other words, conversational
partners in this study used language mutually transforming the current state of their
understanding of the topics of their conversation (Mercer, 2004).

In order to do this, the participants of this study needed to build a contextual
foundation for the progress of their classroom talk. As a very important note, the talk
was also the primary means for building that contextual foundation. Gee and Green
(1998) called this interactional aspect of the language as reflexivity. Connately,
Edwards and Mercer (1987) indicated, ““...the dynamic aspect of collective thinking
refers to the fact that the basis of common knowledge upon which shared
understanding depends is constantly being developed. The contextual base is in a
constant state of flux, as immediate shared experiences and corresponding
conversational content provide the resources for building future conversational
context.” (Mercer, 2004, p. 140). In terms of this study, it implies that same
discursive role of the teacher that was played out in an ABI activity can have a
distinctive purpose within another ABI activity even though it was same in the two
different activities. It was commonly valid for the students’ cognitions. The same
utterance of the students could be totally different and was evaluated with a different
code.
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An example makes the point clearer. The same close-ended questioning of the
teacher may be used in a very distinctive manner by the teacher across the ABI
activities. For instance, contingency of close-ended teacher questioning may totally
shift the flow of classroom discourse in the ABI activities. Contingency of teacher
close-ended questioning refers that teacher maintains the questioning by linking and
attaching students’ previous utterances (Boyd & Rubin, 2006). In other words,
teacher continues the classroom discourse by means of using student-led utterances.
In this context, the teacher uses the knowledge or utterance of students to redirect the

classroom discourse’s flow.

However, inherently difference contexts in which the same close-ended question
posed by the same teacher may totally alter the intention of discursive role, in turn
the type of the role, in turn students’ cognition. Put it differently, if the close-ended
question is not contingent on the previous student’s utterance, this can be evaluated
as a teacher discursive role. On the other hand, if the same closed question is posed
by contingent on the previous student’s utterance, it should be evaluated as a
different discursive role compare to non-contingent one. When it is the case, the label
or the formation of the code can be same as close-ended questioning. Nevertheless,
the function or the pedagogical meaning of the code is now distinctive as contingent
or non-contingent close-ended questioning. In this study, there were numerous
examples similar to this that could be revealed by extracting several small pieces of
episodes. To sum up, SDA was used in this study in a study-specific and context-
based manner by integrating qualitative and quantitative analysis methods as coding-

counting and episode analyzes.

3.6.1.2 Selective Data Coding (Analysis)

SDC was handled to explicate some reasons of the divergences between the extracted
patterns regarding the relations between the teacher discursive roles and students’
cognitions across the seven analyzed video classroom transcripts. There were diverse

reasons for the SDC. For instance, in instructional units some discussion topics were
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more attractive and cognitively conflicted for the students. To the researcher’s field
notes, the students therefore were engaged in better negotiations of meaning in order
to solve the emerged cognitive contradictions through data collection, analysis and
interpretation. There were salient events as recorded that completely change the
direction of the implementations. The changes were almost positive. There were of
course negative changes in the directions of the implementations, for instance

embedded in the field notes of the researcher.

An example makes the point clearer. When the teacher dropped the two different
weighted, same-volume masses from the equal height and when students observed
that the two masses hit the classroom ground at the same time, it was gathering great
intellectual attention. Since, this natural event was considerably unexpected for the
students’ existent conceptual framework. They were of the idea that the objects
would not hit the ground at the same time. Expectedly, after a demonstration like
this, the students were eagerly engaged in the negotiations of meanings of the free-
falling objects and their weights. To support, they had a serious cognitive
contradiction to resolve immediately. The researcher recorded that several students
requiring from their teachers to allow them for their self-trying as soon as possible to
reveal the reasons of this unexpected event. As a whole, this, according to the
researcher’s field notes, could be considerably important in changing the atmosphere
and the pace of the implementations; in turn, shift the anticipated relations between
the teacher discursive roles and the students’ cognition. To sum, some concrete signs
of above-stated circumstances were visible to some extent in SDC, particularly
within field notes. Thus, to construct a more rational and holistic argument about
explored relations between teacher discursive roles and students’ cognitions across

the seven classroom video transcripts; the secondary data analysis was conducted.

3.6.2 Data Analysis Procedures

As mentioned, there were two phases of data analysis. These are SDA and SDC.

Details of SDA and SDC are given below.
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SDA: As mentioned earlier, each analysis of classroom video was considered as a
lesson-specific case that the researcher derived a lesson-specific pattern to
characterize the featured points of the teacher discursive roles and relations between
teacher discursive roles and students’ cognition. In each lesson-specific case,
emerged patterns could be detected and differentiated from each other through
quantifications of the occurrences of the teacher discursive roles and the students’
cognition. The differentiated aspects could be seen by the numbers of the use of
some specific teacher discursive roles (i.e., higher numbers of evaluations of student-
led responses: the specific teacher discursive role) and some associated student
cognitive operations (i.e., evidence-based reasoning: student cognitive operation). In
other words, each analyzed transcript showed a specific pattern that could be
compared, contrasted or matched with other patterns found in classroom video
analysis. It therefore allowed to estimate which specific teacher discursive roles were
matched with specific student cognitive operations.

SDC: After establishing specific patterns of the relations between the teacher
discursive roles and the students’ cognitions across the video cases, the presumable
reasons of the differences and common points between the cases were tried to be
illuminated. This was the second phase of the data analysis. In this sense, other data
sources (i.e., field notes of the researcher, member check interview with the teacher)
apart from classroom videos were analyzed to comprehend the reasons of the
differences or the communalities between the cases in terms of the relations between

the teacher discursive roles and the students’ cognitions.

In translating methodology literature’s languages, a theory ground method was
conducted for the analysis of data (Strauss & Corbin, 1990). In using this method, it
was possible to reveal the reasons of differences and communalities across the seven
cases in terms of the teacher discursive roles and the relations between the teacher
discursive roles and students’ cognition. Video classroom transcripts were subjected
to open coding through the codes (data-based and theory-driven) included in the

coding catalogues, then, axial coding was attained (Strauss & Corbin, 1990). The
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open coding through the codes was used to break down of the teacher discursive
roles and the student cognitive operations in small pieces as units of analysis. This
helped the data to be conceptualized and analytically labelled (Goulding, 1999). In
axial coding, fragmented analytical teacher discursive roles and student cognitive
operations were then collapsed into the higher order themes in reducing the number
and diversities of codes to construct patterns (Goulding, 1999; Strauss & Corbin,
1990). Finally, in selective coding, commonalities and differences between the seven
cases were strengthened, supported and explained through considering other data
sources. Table 15 summaries stages of analysis, analysis activities and goals of
analysis, related research questions and considered coding catalogue.

3.6.2.1 Level-1 Analysis

Level-1 analysis was conducted for answering to RQ1. As seen in Table 15, the
purpose of Level-1 analysis was to detect teacher discursive roles played out during
seven ABI implementations. For this kind of analysis, a coding catalogue, Teacher
Discursive Roles, was developed. It is both theory-laden and data-driven (see also

Literature Review section). This catalogue is dynamic and contextually-influenced.

The dynamic aspect of the catalogue refers that its analytical components could be
changed over the course of conducting coding. It is also contextually-influenced
since each specific eight case (classroom video) had its own specific teacher
discursive roles. The teacher discursive roles’ purposes and directions were
differentiated based upon the context in which the discursive roles occurred even

though same analytical codes were in action.
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Table 15. Stages, Activities, Goals of Data Analysis Procedures

Used
Stages Analysis activities Goal Questions Coding
Catalogue
Coding: Revealing study-
specific teacher discursive Detecting
roles teacher Teacher
— Axial coding: Identifying discursive roles Di ;
= ; . iscursive
o patterns by collapsing played out in RQ1 Roles
9 analytical codes for teacher ABI
discursive roles into higher-  implementations
order themes
Coding: Revealing patterns of  Revealing types
interaction of teacher
Possible selective coding: discursive roles
Estimating presumable allowing
S reasons of the divergences in different
) . : Pattern of
= terms of pattern of interaction patterns of RQ2 .
g . S Interaction
a across the seven cases (by interaction in
means of analysis of field supporting the
notes and member check student-led
interview) cognitive
contributions
Coding: Revealing the
quantitative amounts of the
N student-based intellectual
?>» contributions to the classroom
3 discourse. Revealing types
Axial coding: Identifying gtyp
) of teacher
patterns by collapsing . .
. . discursive roles
o analytical syntacto semantic ; SOLO
2 . ) . allowing more
) complexity codes into higher- (syntacto-
= enlarged RQ2 .
2 order themes R semantic
1) . : _— quantitative ;
| Possible selective coding: o complexity)
o cognitive
Estimating presumable

reasons of the divergences in
terms of syntacto-semantic
complexity of the student-led
contributions across the seven
cases (by means of analysis of
field notes and member check
interview)

contributions of
the students
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Table 15 Cont’d

Coding: Revealing the
qualities of student-based
intellectual contributions to
the classroom discourse

Axial coding: Integrating the Identifying the
varying qualities of student-

types of
based cognitive pathways as fluctuations
cognitive contributions to the observed
™ classroom discourse between the Cognitive
T Possible selective coding: teacher RQ3 Pathways
g Assuming the differences and  discursive roles
similarities of qualities of and the
student-based intellectual students’
contributions (by means of cognitive
analysis of field notes and pathways
member check interview)
Coding: Revealing the
qualities of student reasoning
typologies
Possible selective coding: Identifying the
Confirming the divergences  types of patterns
< and convergences between observed
= reasoning quality typologies of between the RQ4 Reasoning
3 students across seven cases students’ Quality
- (by means of analysis of field reasoning and
notes and member check the teacher’s
interview) discursive roles
Coding: Revealing the
argument structures of
students
Axial coding: ldentifying Identifying the
patterns by collapsing types of patterns
analytical argument structures observed
0 into higher-order themes between the Argument
) Possible selective coding: students’ RQ5
> . i Structures
a8 Estimating the communalities argument
and divergences between structures and
argument patterns of students the teacher’s
across the seven cases (by discursive roles

means of analysis of field
notes and member check
interview)
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Table 16. Higher Order Themes and Examples Codes of Teacher Discursive Roles

Higher-order themes

Sample Analytical Codes

Teacher gives information and evaluates the
ideas

Direct lecturing, narrates, verbal cloze, logical
explanations, cued elicitation, hinting, cut-off,
affirmation-cum-direct instruction, explicit
correction-direct instruction, explicit/direct
affirmation, explicit/direct rejection

Teacher pools, summarizes and consolidates
the ideas

Pools student-led ideas, summaries student-led
ideas, selects students-led ideas, consolidates
student-led ideas

Teacher clarifies, elaborates and probes the
ideas

Requests for clarification, expands student-led
responses, reformulates student-led responses,
embodies student-led responses, probes student-
led responses

Teacher focuses learners on focal aspects of
and encourages monitoring to classroom
discursive events

Focuses student-led responses: focuses attention
on a particular student response, drives towards
the focal point, focuses students’ attention on
important aspects of the activity, monitors
student-led responses: backgrounding,
foregrounding, prompts students for monitoring
what is happening in the discourse now,
encourages students to monitor their
understanding of a classmates’ thinking

Teacher conducts reflective discourse

Throws: prompts students for responding
classmates’ ideas, reflective toss: Throws the
responsibility for thinking back to the student
and other members of the class, toss-back: In

place of an evaluation, teacher asks for students
to comment on a student’s response; asks for
evaluation

Teacher models aspects of processes of science
and speech genres

Models: modelling and rehearsing aspects of
processes, procedures, operations of science,
modelling how a person controls variables in an
experiment, attains multivariable thinking, make
reliable and valid measurements, triangulate data
collection, deal with scientific units, etc.

Teacher acts as challenger and seeks for
justified reasoning

Challenges: prompts for debating, prompts for
negotiating, plays devil’s advocate, provides
alternative points of views, etc.; prompts for

evidence-based reasoning: prompts for
justification, prompts for evidence, emphasizes
for justification and evidence, praises the use of
justification and evidence, asking for
justification

Teacher creates an intellectually comfortable
classroom atmosphere

Provides maintenance: acknowledging students
as conversational partners, keeps neutrality,
invokes silence to foster student thinking,
arranges long wait times, foster a respectful
environment for statements of beliefs and change
in beliefs
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Table 16 defines a very brief summary of the catalogue. All analytical codes, sub-
categories and higher order themes of the teacher discursive roles can be seen as
Appendix-A. The catalogue comprises eight higher-order themes, 21 subcategories
and more than 200 analytical codes that characterize the subcategories. Both
authoritative and dialogical teacher discursive roles were included in the catalogue;
the teacher played out more monologic and more dialogic discursive roles during the

ABI activities. Based on this catalogue, Level-1 analysis was conducted.

In the analysis of the teacher discursive roles, only open coding and axial coding
were conducted. Even though, the researcher and two experts in coding this data
sources applied a theory-laden catalogue to the verbatim transcripts, it was
understood that there were some study-specific teacher discursive roles that were not
included in the catalogue. Over time, if needed, new study-specific codes were added
and the catalogue was redefined (Lincoln & Guba, 1985).

Inter-coder agreement percent was initially lower (about 69%). Since, the catalogue
consists of over 200 analytical codes embedded in over 20 categories and eight
higher order themes. Therefore, it was considerably compelling to master it in the
first times of analysis. However, over the course time, particularly by means of
ongoing renegotiations of the some disagreed codes, we reached a plausible level of

agreement percent (about 81%) that was acceptable (Miles & Huberman, 1994).

There was a line-by-line analysis for the teacher discursive roles. Then small pieces
of information about the discursive roles as assigned codes were collapsed into
categories by axial coding. There were different numbers of collapsed categories of
teacher discursive roles across the seven cases. In other words, some teacher

discursive roles were more or less visible or invisible across the video cases.

3.6.2.2 Level-2 Analysis

3.6.2.2.1 Level-2a Analysis
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Level-2 analysis incorporated two analytical sub-stages: Level-2a and Level-2b.
Level-2a analysis was for RQ2 (see also Table 17). The purpose of the Level-2a
analysis was to reveal the pattern of interaction to estimate the quantitative cognitive
contributions of the students to the classroom discourse. For this analysis, a full-
theory laden catalogue, Pattern of Interaction, was used. Pattern of interaction refers
to representations of the flow of the discursive exchanges between students and
teacher. It depends upon the basic triadic dialogue, Initiate-Response-Evaluate or
Follow-up (Sinclair & Coulthard, 1975). The teacher initiated the classroom dialogue
by means of an initiation move. This first move could be nuclear or bound (Molinari,
Mameli & Gnisci, 2013). Nuclear initiation means that all dialogue between the
students and the teacher would be maintaining around this initiation, the topic, the
claim or the question. Bound initiation implies that teacher makes a talk turn by

interlinking the turn to the nuclear initiation (Molinari, Mameli & Gnisci, 2013).

Table 17. Codes and Example Utterance of Pattern of Interaction

Sample codes Code Descriptions

Initiate: Nuclear Teacher initiates the negotiation with a main topic; if the core/main
topic is changed by teacher or students, other nuclear initiation of
another topic is triggered.

(Re)Initiate: Bound Bound initiations shows the associated sub-initiations that are
considerably related with the core/main topic or core/nuclear
initiation.
Response The student-led utterances and is provided by students in response
to teacher’s or his or her classmates’ previous questions or
utterances.

Follow-up/Evaluation Teacher’s evaluative move after a student-led response or utterance
Follow-up Questioning

Teacher’s further questioning such as probing or requesting for
clarification after a student-led response or utterance.

Follow-up/Explanation Teacher’s explanation based on the previous response or utterance
students by means of direct lecturing, narrating, verbal closing, etc.

In this study, after the teacher initiation, the students provided responses. Then the
third turn, follow-up was occurred by the teacher. A teacher may make an evaluation

120



as follow-up. Follow-up turns can also be teacher questioning or teacher explanation.
Students can also undertake the third turns that they may evaluate other groups'

arguments.

As a whole, pattern of interaction can be IRE (close), IRF, and IRFRFRF...RF
(open). Closed and open chains of interactions can be seen in the classroom
discourse. In other words, if there are pervasive amount of close chains of triadic
dialogues, it signals that the teacher dominates the classroom discourse (Mortimer &
Scott, 2003). On the other hand, in the presence of open chains of interactions,
student voice may be dominative (Martin & Hand, 2009; McNeill & Pimentel, 2010).
Thus, coding pattern of interaction for this study provided an initial understanding
regarding how classroom discourse flows within each eight cases. In the related
literature, pattern of interaction as in the form of triadic dialogues were extensively
used since its objectiveness and simplistic-mechanistic forms in terms of coding.
IRE- or IRF-based frames were also used in the studies dealing with relations
between the teacher discursive roles and student cognitions (Jadallah, et al. 2011;
Lefstein, et al., 2015; Molinari, et al., 2013).

Level-2a analysis was dedicated to reveal the proportions of different interactional
patterns (e.g., IRE, IRF, IRFRFRFREF...). In this study, it was an initial indicator of
whether the teacher’s or the students’ voice was higher or pervasive compare to each
other. There was only a coding procedure through predetermined codes. Inter-coder
agreement percent was 100% for this type of analysis (Miles & Huberman, 1994).
After coding each utterance of the teacher and the students, the orientations of
interaction patterns were accepted as the hypothetical indicators of the relations
between the teacher discursive roles and students’ cognitions. For instance, when the
numbers of teacher’s last turn as evaluation was decreased, it presumably means that
the students dominated classroom discourse. The differences and communalities
across the seven classroom videos regarding the relations between the occurrences of
patterns of interactions and students’ cognitions were tried to be reinvestigated by

analyzing secondary data sources and attaining episode analysis as a part of SDA.
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3.6.2.2.2 Level-2b Analysis

The second stage of the Level-2 analysis was Level-2b analysis. The purpose of
Level-2b analysis was to reveal the quantitative cognitive contributions of the
students to the classroom discourse during the ABI implementations regulated by the
teacher’s discursive roles. The used catalogue for this phase of Level-2 analysis was
considered The Structure of Observed Learning Outcomes (SOLO). The SOLO
represents the levels of progressively complex understanding of students through five
general stages that are intended to be relevant to all subjects in all disciplines (Biggs
& Collis, 1982; Collis & Biggs, 1986). In the SOLO, cognitive contributions of
students are conceived as an increase in the number and the complexity of
connections. Indeed, the SOLO is a hierarchical model and suitable for estimating
learning outcomes of different subjects, levels and diverse lengths of assignments
(Biggs & Collis, 1982; Chan et al., 2001).

Table 18. The Syntacto-Semantic Complexity of Student-led Responses, SOLO

Levels of Levels of Descriptions
learning stages understanding
Stage of Pre-structural The task is engaged, but the learner is distracted or
Ignorance misled by irrelevant aspects or information; nothing

meaningful has been learned.

Stages of surface Uni-structural The learner focuses on the relevant domain, and picks
learning up one aspect to work with; one specific thing has been
learned.

Multi-Structural The learner picks up more and more relevant or correct
features, but does not integrate them; several relevant,
independent and meaningful aspects have been learned.

Stages of deeper Relational The learner now integrates the parts with each other, so
learning that the whole has a coherent structure and meaning;
aspects learned are integrated into a structure.

Extended abstract  The learner now generalizes the structure to take in new
and more abstract features, representing a higher mode
of operation; aspects learned are generalized to a new
domain
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As seen in Table 18, the SOLO consist of three levels of learning stages: level of
ignorance, levels of surface learning, and levels of deeper learning. The levels of
learning stages are characterized by five levels of understanding: pre-structural, uni-
structural, multi-structural, relational, extended abstract. Pre-structural stage is
indeed outside of the taxonomy as it refers to stage of ignorance.

In terms of this study, in pre-structural level the students thrown out an irrelevant or
false utterance regarding the topic under discussion. In uni-structural and multi-
structural stages, there were true contributions of students to the classroom discourse.
In these levels, uni-structural and multi-structural, only quantity of contributions
were more of an issue in terms of the relations between the teacher discursive roles
and student cognitions. To explain, the students contributed by displaying many
aspects of the negotiated science concepts. For uni-structural stage, only one aspect
of the topic was provided. For multi-structural stage, the students declared several
aspects of the concepts under negotiation. However, this did not mean an
interconnected or related style of presenting ideas. In other words, even though the
students provided many aspects (different ideas) of the being negotiated topic, they
were liable to talk about unconnected isolated parts of it. When this was the case,
there was an only a quantitative increase in the contribution of the students to the
classroom discourse, but there was not an increase for the qualities of the

contributions.

In the last two levels of the SOLO, student-based contributions to the classroom
discourse can be assessed not only a quantitative sense, but also qualities of
contributions can be estimated. Since last two levels assess the abstraction levels of
the contributors. For instance, in the relational stage, the students presented
interconnected ideas. In other words, the students made connections between their
ideas by presenting them in a cohesive manner instead of an isolated sense. To
compare, in the multi-structural level, the student procured for instance five
distinctive pieces of information regarding the concept of force. Then, the students

made an abstraction by associating three distinctive parts of the five aspects into one
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coherent argument or opinion. Thus, when this was case, there was a qualitative
change in the students’ contribution to the classroom discourse. Since, they were able
to present a coherent and qualitatively distinctive idea or argument by collapsing and

reducing several ideas into one generalized argument.

In terms of classroom discourse, Hattie and Brown (2004) explains this “...depth is
not the same as difficulty — perhaps it is this confusion that explains why so many
questions posed by teachers do not require students to use higher-order thinking
skills but instead require a greater attention to details” (p. 17). Put it differently,
during discursive interactions between the students and the teacher, many ideas could
be provided by the students by virtue of the teacher's discursive roles. On the other
hand, teacher may also lead students by playing out specific discursive roles to make
interconnections among the ideas by selecting relevant ones or extracting irrelevant
ones. Consequently, by the help of teacher discursive roles, students may make some
abstractions as the indicator of higher-order or critical thinking (Chin, 2006, 2007

van Booven, 2015).

In the last stage, extended abstract, first students made several genuine relations
between the ideas they hold. However, this was not sufficient for an extended
abstract. For an extended abstract, students had to apply inductive reasoning
requiring enlarged generalizations. It refers that the students had to go out of the
classroom discourse by generalizing for other, external contexts. Put it differently,
Potter and Kustra (2012) indicated the way of moving from relational to extended

13

abstract as “...practice with synthesis and evaluation will help students develop
greater understanding of relationships between ideas and the reasons things are done
a certain way, etc., and as they are forced to use this knowledge in increasingly

unfamiliar, varied, situations, their ability to generalize and adapt will grow.” (p. 14).

In related literature, there are various SOLO-based evaluations of student-based
outcomes. Several researchers have proved the SOLO's comprehensiveness in

practical applications and its objectiveness in terms of solidly measuring, for
124



instance, students' cognitive contributions to the classroom discourse (Chick, 1998;
Lake, 1999; Van Rossum & Schenk, 1984). The SOLO have also been extensively
used in many disciplines in estimating the cognitive attainments of students such as
biology, mathematics and language studies (Chick, 1998; Campbell et al., 1998;
Lake, 1999). Chan et al. (2001) also summarized the relationships between the
SOLO and some learning factors such as writing styles (language), learning
strategies, learning motivations, student grades, prior academic competences as
positive. In other words, Chan et al. (2001) concluded that there is a positive relation
between the SOLO outcomes and mentioned learning outcomes. It means that if a
student has a better writing style or learning strategy, it can be detected through the
SOLO or estimated by the SOLO hierarchies. In terms of sociolinguistic research,
similar to this study, the SOLO also has been considerably recommended by
sociolinguists. Particularly, Chin (2006, 2007) offered scholars to use the SOLO in
estimating the relations between the teacher discursive roles and student cognitions.
Based on the recommendations of Chin (2006, 2007), van Booven (2015) showed the
usability and objectiveness of the SOLO taxonomy in estimating and measuring the

relations between the teacher discursive roles and student cognitions.

The students’ cognitive contributions were assessing by the SOLO. Two coders (the
researcher and a departmental colleague) coded the analytical contributions of
students. The agreement percent between the researchers was at an acceptable level
(Miles & Huberman, 1994) over the course of coding (about 88%). Analytically
oriented codes were then collapsed into three higher themes: stage of ignorance,
stages of surface learning, and stages of deeper learning. Then the frequencies
cognitive contributions of the students were counted to make a comparative analysis
across the video cases. In comparisons, there were divergences and convergences
across the video cases. The differences and communalities across the seven
classroom videos regarding the relations between the teacher discursive roles and
students’ responses’ syntacto semantic complexities were tried to be reinvestigated

by analyzing secondary data sources and attaining episode analysis as a part of SDA.
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3.6.2.3 Level-3 Analysis

Level-3 analysis purposed revealing the students’ cognitive pathways when they
were engaged in the ABI implementations in terms of answering the RQ3. As
mentioned earlier, the ABI approach was conducted in order to allow the students to
perform their own inquiries around their arguments by the help of the teacher's
discursive roles. Thus, both in initial negotiations of meaning and whole group
discussion sessions of the ABI activities, the students carried out some specific

cognitive processes as their intellectual contributions to classroom discourse.

In this sense, Grimberg and Hand (2009) developed a qualitative analysis method to
look for cognitive operations of students and devised an assessment tool for the
analysis of particularly ABI-related intellectual contributions of students to the
classroom discourse. For the purposes of this study, this analytical assessment tool
was considerably guiding and informative, but insufficient. Since there were more
enlarged cognitive pathways of the students emerged in the students’ talk. Thus, to
compensate, other cognitive pathways were added to the catalogue of Grimberg and
Hand (2009). As mentioned by Grimberg and Hand (2009), the codes (analytical
cognitive pathways) used in their study were considerably matched with critical
thinking skills (Ennis, 2011, 2004, 2001, 2001). It leaded the researcher to look for
the critical thinking skills in order to enlarge the scope of the catalogue, Cognitive

Pathways, for the purposes of this study.

Critical thinking skills as stated in two jurisdictions’ critical thinking skills report
(Ennis, 2011; Facione, 1990’s Delphi Report) were embedded in the initial catalogue
of Grimberg and Hand (2009). Ennis (2011) defined 12 characteristics of critical
thinking skills and collapsed them into five higher order categories. These categories
are Basic Clarification (i.e. ask and answer clarification and/or challenge questions);
Decision-Making (i.e. Judge the credibility of a source); Inference (i.e. make material
inferences as roughly induction); Advanced Clarification (i.e. making operational

definitions to clarify the meaning); Supposition and Integration (i.e. self-
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examination; self-correction). Ennis’s (2011) revised catalogue of critical thinking
skills is the result of an ongoing research (Ennis, 2007, 2006, 2004, 2002, 2001,
1998). In a similar vein, Facione (1990) revealed analytical pieces and six higher
order categories of critical thinking skills in a well-known and extended Delphi
study. These are Interpretation (i.e. categorization, decoding significance, clarifying
meaning); Analysis (i.e. examining ideas, identifying arguments, analyzing
arguments); Evaluation (i.e. assessing claims, assessing arguments); Inference (i.e.
querying evidence, conjecturing alternatives, drawing conclusions); Explanation (i.e.
stating results, justifying procedures, presenting arguments); Self-regulation (self-

examination, self-correction).

The researcher understood that three theoretical and data-based sources of cognitive
pathways (Ennis, 2011; Facione, 1990; Grimberg & Hand, 2009) could be combined
for the purposes of this study. Grimberg and Hand’s (2009) assessment tool provided
ABl-related cognitive pathways. Ennis’ (2011) and Facione’s (1990) assessment tool
allowed to expand the faces and aspects of the analysis of qualitative cognitive
contributions of the students. As a whole, Cognitive Pathways catalogue was
established.

As an important note, Grimberg and Hand (2009) also advanced three higher-order
themes in order to redefine the student-based contributions: perception, conception,
abstraction. The perception theme incorporates the cognitive processes as
observation, measurement, exemplifying and compare. In this stage, students’
cognitive contributions are considered at the level of sensations. In this stage, a

student only knows what this thing he or she is dealing with.
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Table 19. Cognitive Pathways of Student-led Responses

Cognitive Analytical Indicators
Pathways Codes
Perception Observation Stating/sharing experienced-based, practical-based or
individual-based simple observations, personal experiences,
or data that result from students’ observations
Exemplifying Introducing relevant examples, instances, samples, trials of
events, concepts of content under discussion; sharing/stating
variables effecting other variables
Measurement Reference to any quantitative aspect of the data, stating
proportions, making simple calculations by using observed
or gathered quantitative data
Compare Reference to common/different characteristics of two or
more pieces of data or objects; comparing two
events/situations/sayings/measurements, etc.
Conception Analogy Mapping elements from a source domain (well-understood
situation) into a target domain (non-familiar situation)
Basic Questions that stimulate clarification supporting other
clarification operations; pieces of knowledge and information that
(low level stimulate clarification supporting other

interpretation)

explanations/sayings/arguments/opinions/positions/ideas,
etc.; decoding significance; simply clarifying meaning
within discourse

Advanced

clarification

(high level
interpretation)

Define/redefine terms, concepts, definitions by using
appropriate criteria, examples, instances, samples; making
operational definitions to clarify the meaning, arguments,

sayings, claims, assertions, etc.

Cause/effect

Identification of a cause and its effect

Abstraction

Explanation

Offering unproved inference without data/evidence;
interpreting/stating/inferring from data-based results,
interpreting/stating evidence-based results; justifying
procedures (i.e. experimental); justifying
experimental/observational data

Judgement by...

Assessing claims, assessing arguments; judge observation
reports; judge the credibility of a source; examining ideas;
judge deduction; judge definitions

Inference-I:
induction

Reasoning that links few examples to general premises;
make material and generalized inferences (roughly
“induction”)

Inference-I11:
deduction

Reasoning that links general premises to a specific; deduce
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Table 19 Cont’d

Investigation Planning new experiments; stating new ways of
design investigating/representing/solving a problem/situation;
stating new ways of collecting, analyzing and interpreting
data
Dispositions Supposition Consider and reason from premises, reasons, assumptions,

positions, and other propositions with which they disagree or
about which they are in doubt, without letting the
disagreement or doubt interfere with their thinking

Integration Integrate the dispositions and other abilities in making and
defending a decision

Self-regulation Self-examination; self-correction

In the conception level, students may be able to conceptualize and particularly clarify
their meanings by means of their vocabularies or ideas. Therefore basic and
advanced clarifications are the most featured elements of this stage. Lastly, in
abstraction stage, students are able to make data-based and evidence-based
explanations, make inductive and deductive reasoning and offer more plausible
investigation designs for others’ data collection procedures. In other words, they go
out the conceptions being negotiated in the classroom discourse by making data-
based and evidence-based explanations. In addition to this, as barrowed from
particularly Ennis (2011), another category was added as critical thinking
dispositions as can be seen in the bottom of Table 19; supposition, integration and
self-regulation. These were necessary and conceived as surrounding critical thinking
dispositions that scaffold the occurrences of other critical thinking skills.

Two coders coded the cognitive processes of students through the composed
catalogue. Then analytical codes of qualities of cognitive pathways were reduced
into categories: perception, conception, abstraction. The average inter-coder
reliability across cases was calculated about 83% and sufficient (Miles & Huberman,
1994). Then, the coders counted the frequencies of cognitive pathways of the
students. The counting and collapsing student cognitive pathways provided a general
picture of how the students undertook a cognitive work in deriving their arguments

around the ABI activities. In the case of noticeable divergences or convergences
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across the video cases in terms of the relations between the teacher discursive roles
and the students’ cognitive pathways, complementary data sources were reconsidered

and episode analysis were achieved to draw out plausible explanations.

3.6.2.4 Level-4 Analysis

Level-4 analysis was conducted in answering to RQ4. In this turn, the students’
cognitive contributions to the classroom discourse were evaluated with regards to
reasoning typologies. Level-4 analysis was conducted through Reasoning Quality
catalogue. In terms of research purposes and context (ABI) the Reasoning Quality

catalogue must have particular characteristics.

For instance, during the ABI activities, the students collected and reasoned about
data to transform them into evidences. In other words, only collected data do not
speak up anything about the natural phenomena as the students studied on. When the
students reasoned about the data in order to support their arguments, they changed
the data into evidence. Briefly, in this study data plus reasoning was considered as
evidence. In an ABI implementation, it is essential incorporating questions-claims-
evidences. When translating instructional context, the students should composed
researchable questions, make assertions for their claims and generate the evidences
of those claims. Thus, as a rational, the selected coding catalogue should be
appropriate for mentioned teaching sequence questions-claims-evidences.

In a specific issue of Educational Assessment Journal, Brown and her colleagues
(Brown et al., 2010a, 2010b; Furtak et al., 2010; Hardy et al., 2010; Shemwell &
Furtak, 2010) made an array of publications. They are German and American scholar
and presented research-based productions and applications of an ongoing research
and Evidence-Based Reasoning Video Framework (EBR Video Framework) was one
of the most important production of these efforts (Furtak et al., 2010). They offered a
new way of thinking about reasoning particularly for classroom discourse. They also

proposed a thinking tool in order map out the classroom talk (Brown et al., 2010a,
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2010b). This mapping out system defines the reasoning within a data plus reasoning
is equal to evidence argument that is considerably relevant for the instructional
context and epistemological posture of this study (Brown et al., 2010a, 2010b; Furtak
etal., 2010; Hardy et al., 2010; Shemwell & Furtak, 2010).

To compose EBR Video Framework (Furtak et al., 2010), the data corpus was
collected from eclementary and middle school students’ whole-class discussions
during inquiry-based teaching about the concept of sinking and floating. Sinking-
floating is a conceptually and cognitively challenging science concept for many
students similar to the concepts of the ABI implementations of this study (Hardy,
Jonen, Moller, & Stern, 2006). Furtak et al. (2010) indicated the functions of the
EBR Video Framework as it “...captures teachers’ and students’ co-constructed
reasoning about science phenomena and the quality of the backing for those claims.
The EBR-Discourse framework conceptualizes reasoning along a continuum, where
the most sophisticated science discourse is conceptualized to consist of claims about
science phenomena that are supported by a generalized statement about relationships
between properties (a rule). In addition to this statement of a rule, (empirical)
backing such as reference to observations (data) or summaries of that data (evidence)
may be used to support the claim. The least sophisticated reasoning is considered to

consist of a single claim or claims without any form of support.” (p. 182).

EBR Video Framework is not aimed at using real-time analysis of science classroom
discourse. EBR Video Framework was generated for the analyzes of transcribed
classroom discourse to evaluate the extent to which students are able to reason by
means of using appropriate and sufficient evidences in conversations with their peers
or teacher in which the teacher provides instructional chances and scaffolding to do
so (Furtak, et al., 2010, p. 182).

Indeed, EBR Video Framework comprises three sets of codes. The first is quality of
reasoning that refers to “...the extent to which claims are backed up with data,

evidence, and rules” (Furtak, et al., 2010, p. 182) by students. The other two
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categories are teacher’s contribution and conceptual level. Only first sets of the
codes were in this study. Quality of reasoning codes is unsupported,

phenomenological, relational, and rule-based summarized in Table 20.

Unsupported reasoning means that there is no reasoning in students’ saying. It
clarifies the least sophisticated discourse of students. An unsupported reasoning
consists of single claim(s) without any backing. In addition, claims with no reasoning

may also include circular and tautological statements.

Partial reasoning structures clarify in phenomenological reasoning. In
phenomenological reasoning, students present some sets of data but they have no
idea (or reasoning) about why the data support their claim they previously posed. In
other words, Furtak et al. (2010) explains data-based or phenomenological reasoning
by referring partial reasoning structures that “...rely on data or evidence only. Those
structures that reference only data or specific phenomena (phenomenological
reasoning) as backing for a claim rely on single observations by students (e.g., the
rock sinks because I saw it sink) or single properties (e.g., the rock sinks because it’s

heavy).” (p. 185).

Relational reasoning is rather complex compare to former ones. In relational
reasoning, the process of reasoning is backed by the evidences. The students now are
able to apply the evidence to a claim. In other words, they are able to reason about

why their evidences support their claim or against their previous claim.

In the top level, rule-based reasoning requires students to make inductive or
deductive reasoning by collecting a substantial amount of data and transforming
them evidences allowing generalizations that may be supported by scientific
principles. Now, students are able to apply a scientific principle or a rule that was
previously found in their data to other fields. To sum up, the students’ reasoning
typologies were analyzed through a set of codes of EBR Video Framework to

investigate the relations between the teacher discursive roles and student cognitions
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in a continuum sense by focusing on the existence of the cognitive work of students

when they attained evidence-based reasoning.

Table 20. Reasoning Typologies of Student-led Responses

Quality of Reasoning Label Description

Unsupported No reasoning Elements of reasoning present, but no
processes of reasoning; pseudo, circular, or
tautological reasoning

Phenomenological Data-based Data applied to a claim: Partial reasoning structures
reasoning rely on data or evidence only. Those structures that
reference only data or specific phenomena
(phenomenological reasoning) as backing for a claim
rely on single observations by students

Relational Evidence-based  Evidence applied to a claim, including analysis of data
reasoning in the form of comparisons between properties or
summaries of data

Rule-based Inductive or 1. Deductive reasoning (top-down), applying a rule to
deductive rule- make a claim with respect to a new premise 2.
based reasoning Inductive reasoning from data to rule

3. Applying a rule with new evidence (exemplifying
with analogy) 4. Complete reasoning structure (whole
framework)

This analysis was conducted by the EBR Video Framework catalogue. Two
researchers maintained the coding procedures and counted the occurrences of
reasoning typologies. The inter-coder reliability between the coders was an
acceptable level (about 95%). There was no axial coding of the reasoning typologies.
When there were differences across the cases in terms of reasoning typologies in
relation to teacher discursive roles, other data sources were selectively analyzed and

episode analysis was attained in order make some plausible explanations.

3.6.2.5 Level-5 Analysis

During the ABI implementations, the students were engaged in inquiry activities in

which they generated their own arguments by means of data collection, analysis and
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interpretation. In these procedures, they criticized and judged others’ claims,
questions, evidences, and arguments. In other words, they responded their peers by
means of their own claims, warrants, backings, rebuttals and they did this in a
specific context or subject as qualifiers. As a rational, if the students were guided to
generate their own activities through the help of their teacher, their argument
structures would be enhanced and augmented. Thus, Level-5 analysis was conducted
in order to detect the emerged argument structures of the students over the course of
the ABI implementations. This analysis was done by means of Argument Structure

catalogue.

In the analysis of this study, there was a need for a particular analysis type reflecting
line-by-line evaluation of the each utterance of the students. It was also valid for the
analysis of argument structure. Thus, the researcher needed to find an analytical
framework to identify and assess the argument structures of the students. A relevant
analytical framework could be Toulmin’s (1958) argument model, that is commonly
cites as Toulmin Argument Pattern (TAP, Erduran et al., 2004; Simon et al., 2006).
This known model has been used as a basis in characterizing argument structure, for
instance, for classroom talk (Russell, 1983). It also has been considered as a basic
scheme to derive research-based assessment tools for analyzing argument structure
(Jimenez-Alexiandre et al. 2000; Erduran et al. 2004; Simon et al. 2006, 2003;
Soysal, 2012).

TAP incorporates six basic components of an argument (Toulmin 1958) as shown in
Figure 5. These are claim, data, warrant, qualifier, backing and rebuttal. A claim is
an assertion what exists or the values people have. In terms of this study, based on
the TAP, a claim refers to a statement about a specific outcome. In this study, a claim
can be a prediction of the students of what something will be happening in the future
(i.e. “In an inclined plane, heavier masses will reach the bottom first”). A claim can
also be an observation of what something happened in the past (i.e., “In our inclined
plane, the heavier one reached the bottom first”). A claim can also be a conclusion of

what something happens in the present (i.e. “The heavier always reach the first in an
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inclined plane”). These claim definitions may also be more relevant when it comes to
evaluate classroom discourse in terms of argument structure (Brown et al., 20103,
2010b; Furtak et al., 2010; Hardy et al., 2010; Shemwell & Furtak, 2010).

In TAP data was described as statements that are used as evidence to support the
claim. In this study, data incorporates the students’ recorded observations or
measurements. In the implementations of this study, data may come from other
sources, for instance, everyday experiences of the students. Also, in this study data
was acknowledged as “...would be generally observed in a science classroom, the
premise often identifies an object and a relevant feature or property” (Brown et al.

2010; p. 132).

QUALIFIER

> CLAIM

DATA

REBUTTAL
BACKING

*Modified from Toulmin (1958); The Uses of Argument

Figure 5. Toulmin Argument Pattern* and Its Related Components

Toulmin (1958) depicted warrant as statements that explicate the relationship and
coordination between the data and claim. In this study, warrant may be matched with

providing evidences. In other words, a warrant defines the Claim is backed up by
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reference to a contextualized relationship between two properties, a property and a
consequence of that property, or a specific finding (Brown et al., 2010a, 2010b;
Furtak et al., 2010; Hardy et al., 2010; Shemwell & Furtak, 2010).

A qualifier implies particular conditions or circumstances in which the claim can be
plausible or true (Toulmin 1958). Qualifiers were considered in this study as a
statement explicating the proper characteristics or features of the condition about
which the claim is posed. Furtak et al. (2010) defines qualifier that “...is the given
information from whence the claim is derived upon. Includes: object, state of an
object, general expression (“subject of reasoning”), point of reference” (p. 184). As a
note, the term, subject of reasoning, was vitally important for the analysis of this
study. As mentioned, classroom talk is actualized in a continuum manner and the
claim can always be subjected to change by the contributors, particularly by the
teacher (see for instance Pattern of Interaction catalogue; initiate and re-initiate
codes). In other words, claim was not, even could not be, fixed in this study and
changed continuously based on the pace of the classroom talk. It implies for the
analysis that when the previous claim was changed, following sequences of
utterances of the teacher or the students had to be for the newly posed or created
claim which was now under negotiation (Brown et al., 2010a, 2010b; Furtak et al.,
2010; Hardy et al., 2010; Shemwell & Furtak, 2010). As a whole, qualifiers or
subject of reasoning were substantially important in determining claim change

moments improved the quality of all analysis types in this study.

Backings are described as the underlying assumptions for the data-claim relation or
coordination that may be presented explicit or implicit within an argument structure
(Toulmin, 1958). A backing in an argument structure can be seen as a secondary
warrant supporting the main justification of the claim (Jimenez-Aleixandre et al.
2000; Erduran et al. 2004; Simon et al. 2006, 2003).

Finally, rebuttals are depicted as statements of persons in a conversation that pose

conflictions to data, warrant, backing or qualifier of an argument. In the ABI
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implementations, the students were given opportunities to generate the counter
evidences against to others’ arguments. Students were also engaged in the judgement

processes of others’ data, warrant, backing or qualifier.

Based on the Toulmin’s (1958) argument model and its constitutional parts, a
hierarchical argument structure assessment criterion was composed as seen in Table
21 below. It was needed for the axial coding when analytical pieces of an argument
are coded in order to collapse them into broader categories. By considering the
complexity of an argument, four levels of the student-led arguments were produced
in the context of the study. In this sense, Level-1 argument structure consists of only
claim component that is not justified or warranted. Level-1 argument structure was
the simplistic one among other levels. In this level, the students posed or proposed
their substantially subjective or unsupported ideas. Level-2 argument structure may
include data or backing in addition to claim, but, Level-2 argument structure is still
lacking of warrants or claim-based justifications. Put it differently, in this level of
argument structure, the students were able to provide some observational data for
their claims but they could not coordinate their claims and data. It refers to that in
this level of arguments structure, the students were not able to explicate why the
observational or experiential data supports their claims in specific contexts. Level-3
argument structures may include at the least a warrant or justification. In this level of
argument, the students were able to associate their claims with their data by means of
displaying a cognitive work. Examples of diversities of Level-3 argument structures
can be seen in Table 21. Level-4 argument structures incorporates rebuttals to others’
claim, data, backing, justification or warrant as the most complex argument structure
detected in the analysis of this study. In this manner, the rebuttals could also be
expressed in utterances that can be fragmented by other components of an argument
(CDW: R) In the context of this study, it was acknowledged as a theory-laden sense
(Erduran, Simon & Osborne, 2004, Toulmin, 1958) that, the rebuttals must be also
expressed as higher level arguments including other additional components of an
argument instead of just saying that “I do not agree with you”. A similar analytical

component analysis was achieved by Simon, Erduran and Osborne (2006) and other
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researchers (Erduran, Simon & Osborne, 2004; Osborne, Erduran & Simon, 2004a,
2004b).

Table 21. Argument Structures of the Student-based Responses

Levels of Descriptions Diagrammatic
argument representations
structure
LEVEL-1 Only consisting a claim component (C) C-
LEVEL-2 Consisting of backing (B) or data (D) in addition C-D
to a given claim C-B
LEVEL-3 Consisting of at the least a warrant/justification C-w
(W) for a given claim C-D-W
C-D-W-B
LEVEL-4 Consisting of rebuttal(s) (R) against to others C-D:R
claim, warrant, and backing. C-W:R
C-D-W:R
C-D-W-B:R

Level-5 analysis was maintained through Argument Structure catalogue consisting of
the abovementioned hierarchical elements of an argument. First of all, it was
compelling to define the claim change moments. Since the researcher had to be
aware that when claim was changed, the other element(s) of an argument structure
would be changed. However, Pattern of Interaction catalogue supported to define the
moments of claim changes. Two researchers (the researcher and a departmental
colleague) coded the students’ utterances in terms of their argument structure.
Particularly for identifying rebuttals the researcher and his departmental colleague
had troubles. But, maintenance of negotiations of deciding the rebuttals for particular
claims improved inter-coder reliability to acceptable levels (about 89%). In the case
of the divergences and convergences across analyzed cases in terms of levels of
argument structures of the students in relation to teacher discursive roles, other data
sources were selectively analyzed and episode analysis was attained in order make

some plausible explanations.
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3.6.3 Analysis of Secondary Data

As mentioned, selective data analysis were conducted in accounting for some
plausible explanations regarding why some divergences or communalities between
the teacher discursive roles and the students’ cognitions were emerged. In this study,
for this purpose, selective coding was done. For this study, selective coding refers to
the final phase of data analysis. It was initiated after extracted the core patterns
between the teacher discursive roles and the students’ cognitions that were revealed
by coding and counting procedures. In SDC that was supported by the field notes and
the member check teacher interview, identified concrete patterns were supported to
some extent. The researcher’s primary aim by making SDC was to present a larger
and holistic story of the investigated variables by bringing together a completed data
collection, analysis and interpretation processes (Glaser & Strauss, 1967).
Particularly the researcher’s field notes were in action in illuminating some aspects
of the found patterns regarding the relations between the teacher discursive roles and

the students’ cognitions.

3.7 Trustworthiness of the Study

Lincoln and Guba (2000) stated that a study’s findings should be adequately
authentic in providing a lens to external readers in trusting acting and implications of
the study. As Stake and Mabry (1995) indicated that, a naturalistic inquiry should
provide a comprehensible and comprehensive picture of the explored reality. In this
context, trustworthiness of this study as a naturalistic inquiry was established by
virtue of credibility, transferability and dependability (Marshall & Rossman, 2011).
Table 22 summarize brief descriptions and used strategies in this study to provide the

three aspects of the trustworthiness.
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Table 22. Depictions and Strategies for Providing Trustworthiness

Credibility Transferability Dependability

Level of confidence in Degree to which the Repeatability of

Brief description - findings apply in findings if the study
the findings other contexts could be replicated
Prolonged engagement Providing a detailed
. and persistent digitally description of the Providing detailed
';/Itﬁg,:gdiglsogéggl recorded observation context of study description of data
9 over a school year and data analysis collection processes

(2014-2015)

Selecting the Using video to

. : capture
Field notes of the research site and ptu
. conversation and
researcher teacher in a L
activities of

purposeful way the classroom

Utilization of other
researchers’ ideas to
examine the
findings
Coding of transcripts
by well-known
Gathering multiple coding catalogues,
data sources using mostly theory-

based coding
catalogues

Building rapport with
the teacher and the
students

Renegotiations of the
findings with the
teacher

External audit during
establishing coding
catalogues and coding
procedures

3.7.1 Credibility of the Study

Creswell (2007) indicated that qualitative researcher must become intimately familiar
with the context in which s/he undertakes the study. The researcher (I, the author) in
this study was present over 120 days in the school site. This almost equals to more
than half of a school year. In other words, the researcher was not a “stranger in a
strange land” (Lincoln & Guba, 1985, p. 290). In this processes, the researcher found

opportunities to build rapport with the participants particularly for the students. The
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students accepted the researcher to their class as a secondary teacher. There was an
adaptation process for the students and the researcher. Over time, they perceived the

researcher as a usual person of their class.

In addition, prolonged engagement provided the researcher to detect whether there
were distortions caused by the researcher or informants (Lincoln & Guba, 1985,
Merriam, 1998). As the researcher had the chance to engage in all the ABI activities,
the researcher tried to prevent the classroom happenings, which might damage
natural social interactions. The researcher behaved as a camera operator in order to
capture all details as classroom members’ gestures, mimicking, facial expressions
and the teacher’s usual and unusual reactions to these expressions in order to gather

the data more contextually-oriented.

To enhance the credibility of the study, there was a data source triangulation. In
order to corroborate multiple evidences in answering research questions the
researcher made use of multiple data sources (Patton, 1990). As mentioned, there
were three qualitative data sources. A part of the collected data (i.e., classroom
video) was the main data corpus and there were two supporting data sources for
selective data analysis and interpretations in order to make estimations about the
divergences and the convergences across the classroom video transcripts regarding
the relations between the teacher discursive roles and students’ cognitions (Miles &
Huberman, 1994).

Moreover, the researcher tried to solicit the teachers’ views of the credibility of the
matchings of analytical codes of teacher discursive roles and authentic roles that the
teacher played out in the real classroom setting. As mentioned, this was an array of
ongoing member checking procedure with the teacher. According to Lincoln and
Guba (1985) the member checking is “the most critical technique for establishing
credibility” (p. 314). In this study, the teacher therefore was not only a person who
was explored, rather she played a major role redirecting as well as acting the data

analysis and interpretations (Stake, 1995).
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As mentioned, there were three types of data sources and six coding catalogues to
analyze gathered data. Even though catalogues were mostly theory-based, in order to
solve contextualization issues, there were revisions and adaptation procedures by
virtue of expert recommendations. External audits allowed external consultants and
the auditors examined the appropriateness of the coding catalogues, data collection
tools and interpretations that were derived through these tools and catalogues
(Lincoln & Guba, 1985). In assessing the outcomes of this study, the auditor
examined whether the findings, interpretations and conclusions were supported by
the data of this study.

3.7.2 Transferability of the Study

Transferability of the findings refers to the ability of research outcomes to transfer
with similar parameters. For this aim, some validation strategies were used in this
study. In qualitative research, the generalization or transfer of findings is charge of
the external readers (Cresswell & Miller, 2000). In other saying, if the external
reader finds something similar to his or her context, s/he can transfer the findings of
any study in the presence of shared characteristics (Erlandson, et al., 1993).

Therefore, in this study the researcher provided the thick description of the rationale
of this study, background of the selected teacher, location and salient features of the
school, many details of the classroom setting, background the participatory students,
the data collection procedures and data analysis methods. In a particular sense, the
researcher declared the all details of the teacher’s use of the ABI approach in specific
middle school science curriculum topics. In sum, the comparison with future studies
or other contexts in which the ABI approach is handled, may reconsider the relations
between the teacher discursive roles and students’ cognitions in terms of the specific

characteristics of this study.

3.7.3 Dependability of the Study
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Dependability is an indicator of the ways in which the research was lasted as a stable
process and through same procedures overtime. Thus, other researchers can replicate
it (Guba, 1981; Lincoln & Guba, 1985). In this study, the classroom setting was
stable. In addition, the teacher implemented the ABI with the same teaching
sequences across the seven analyzed ABI activities. Furthermore, location of the
cameras was same for all implementations. Average implementation frequency of the
ABI activities in the classroom was mostly stable during the school year in which the
data was collected. Changes in length of ABI implementation sessions, classroom’s
reconfiguration for special needs, and placement of the cameras were happened rare.
These rare changeable moments were the exceptions but not the rule that might

influence the outcomes of this study.

Secondly, about 12.5% (1 out of 8) of the transcripts of the classroom video were co-
coded by an experienced researcher (advisor of the thesis). Co-coder of the common
transcript particularly provided revisions and corrective suggestions regarding coding
catalogues and data analysis procedures regarding the students’ cognitive operations.
For instance, the co-coder gave feedbacks for the analysis of the argument structures
of the students as she (the advisor) has had ample research-based scholarly

experiences.

Thirdly, an experienced inter-coder helped the researcher to reach sufficient
reliabilities of co-coding agreement percent across video cases’ analyses.
Particularly, in terms of co-coding of the teacher discursive roles, the inter-coder and
the researcher had initial rigorous consensus-making issues. Since, coding catalogue
for teacher discursive roles included more than 200 analytical codes characterizing
any small pieces of information of discursive roles played out by the teacher. The
inter-coder and the researcher noticed that it was not a functional method to consider
first analytical codes, then, define the categories of the teacher discursive roles.
Thus, the inter-coder and the researcher decided firstly to make a deductive selection
of categories, then selecting analytical or characterizing pieces of code information

of the teacher discursive roles. It was a more rational and reliable way of co-coding
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of the teacher discursive roles with a higher inter-coder agreement percent.
Additionally, an external reviewer was invited to scrutinize over co-coded 500 lines
of transcripts. To sum, above-mentioned processes provided crystallizations of the
elements of the coding catalogues and analysis through these catalogues. Thus, it
allowed the replication of similar procedures for further studies that may utilize the

same catalogues and analysis procedures.

Lastly, in this study, coding of transcripts were run through well-known coding
catalogues or based upon the theories of teacher discursive roles and students’
cognitive operations. Put it differently, the coding catalogues were mostly theory-
driven. As a note, the researcher accepted that during co-coding procedures, there
were several revisions, modifications and complete changes for the coding
catalogues. However, these changes are inherently obligatory for all studies when it
comes to fit the context of any study to the source theories of the established
catalogues. In other words, the catalogues used in this study are open and transparent
to all researchers. External researchers may use one of the catalogues in their study
for coding by means of making changes in order to appropriate the catalogues to

their studies’ specific context. To sum, this study’s coding procedures are replicable.

3.8 Summary of the Chapter

As seen in Figure 6, there were five main sections of the methodology of this study.
This study included five research questions explored. The research questions were
responded through collection, analysis and interpretation of three types of data. The
main data source was classroom video to explicate the teacher discursive roles
played in ABI implementations and the fluctuations of the relations between the
teacher discursive roles and students’ cognitions. The other data sources were
utilized in explaining the divergences and convergences of the relations between the
teacher discursive roles and students’ cognitions across the analyzed video
transcripts. Classroom video transcripts were analyzed by using six coding

catalogues. The coding catalogues were mostly theory-laden; however, there were
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contextualization procedures for the adaptations of the catalogues for the purposes of
the study. In other words, data analysis was neither data-based, nor theory-driven.

Since the data was analyzed both theory-driven and data-based.

Five research
questions

CREDIBILITY

N

TRANSFERABILITY Two-phased data

analysis
Sociocultural Discourse
Analysis (SDA)
Coding-Counting
(Systematic observation)

Episode Analysis

DEPENDABILITY Selective Data Analysis

Three types of data
Classroom video (man data)
Field notes (secondary data)

Member check teacher interview
(secondary data sources)

A 4

Six coding catalogues

Teacher Discursive Roles
Pattern of Interaction
SOLO
Cognitive Pathways
Reasoning Quality
Argument Structure

TRUSTWORTHINESS OF THE STUDY

(spc)

Figure 6. Diagrammatic Summary of the Chapter Three

In this study, main perspectives of sociocultural analysis were used. It was used by
extracting several episodes from different video transcripts to show the contextual
and dynamic occurrences of discursive interactions. To detect the teacher discursive
roles and the fluctuations between the teacher discursive roles and the students’
cognitions, coding and counting procedures were conducted by virtue of systematic
observation. In order to reason about the convergences and divergences across the
video transcripts in terms of the relations between the teacher discursive roles and
students’ cognitions episode analysis and selective coding (analysis) of supportive
data sources were carried out. Finally, there were several methods to conduct a
reliable and valid data collection, analysis and interpretation. In this context,
trustworthiness of the study was met by credibility, transferability and dependability

techniques.
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CHAPTER 4

FINDINGS

4.1 Introduction

This study had two main purposes as to discern the teacher discursive roles played

out in ABI implementations, and to define the relations between the teacher

discursive roles and the students’ cognitions. In this context there were five research

questions serving the purposes of this study. These are listed as below:

1)

2)

3)

4)

5)

Which types of teacher discursive roles were performed by the teacher over
the course of in class-implementations of the ABI?

Which types of teacher discursive roles were played out by the teacher
allowing enlarged quantitative cognitive contributions of the students over the
course of the ABI implementations?

What were the patterns between the teacher discursive roles and the students’
cognitive pathways over the course of the ABI implementations?

What were the patterns between the students’ reasoning and the teacher’s
discursive roles during the ABI implementations?

What were the patterns between the students’ argument structures and the

teacher’s discursive roles over the course of ABI implementations?

In this sense, there were two sets of research questions composed. Indeed, the first

research question was responded in order to depict the teacher discursive roles

played out in the ABI implementations. Other remaining four questions were to

reveal the relations between the teacher discursive roles and the students’ cognitions.

In the rest of this chapter, the findings found for the research questions are presented.
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4.2 First Research Question and Related Findings

The first question of this study was that which types of teacher discursive roles were
performed by the teacher over the course of in class-implementations of the ABI? In
order to address this question, video-based cases (the ABI implementations) were
analyzed in terms of teacher discursive roles played in ABI implementations. There
were seven video cases that were subjected to analysis. Every utterance of the
teacher was both coded and counted. Coding procedure was carried out an extended,
theory-based and data-driven coding catalogue (see Appendix-A). This catalogue
was composed as a result of analysis procedures o the current study. It consists of
eight higher order categories, 21 sub-categories and more than 200 analytical codes

characterizing the subcategories of the teacher discursive roles.

In order to reveal the sophistication of the played out teacher discursive roles during
the ABI implementations, a coding catalogue including a wide range of teacher
discursive roles was needed. To support, in the ABI implementations the teacher
promoted their students to engage in their own inquiries in responding to student-led
research questions. In this study, the ABI implementations were open-ended
processes in which both the students’ naive thoughts and formalized scientific
principles were considered, particularly by the teacher. The teacher were able to lead
the students to accept another thinking and talking systems scientist have constructed

and used, but by not ignoring the students’ naive but important social languages.

In below sections, all occurred teacher discursive roles will be described analytically.
In these descriptions of the teacher discursive roles played out in ABI
implementations, sample excerpts from the in-class activities will be presenting and
interpreting. Each detected teacher discursive role is presented from different video-
cases as all videos contained better examples of the played teacher discursive roles.
In addition, percentages of the occurrences of the teacher discursive roles will be
presenting and interpreting within above-located sections.
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Table 23. Percentages of the Higher Order Categories of Teacher Discursive Roles

Implementations* HoC-1 HoC-2 HoC-3 HoC-4 HoC5 HoC-6 HoC-7  HoC-8
Springs 18 2,3 46 11 9,3 7,3 5,8 0
Inclined plane 15 0,7 41 16 11 11 4,7 1
Simple machines 4,3 1,2 49 15 23 3,7 4,3 0
Fixed pullies 2,6 0,5 47 19 22 15 7,7 0
Solutions 4,9 13 47 19 15 6,3 6 1
Surface tension 4,9 1,5 47 16 21 1,9 7,1 0
Light & Energy 9 51 40 9 25 2,8 9 0

*HoC: Higher order Category; HoC-1: Gives information & evaluates; HoC-2: Pools & Summaries;
HoC-3: Clarifies & Probes; Hoc-4: Focuses & Monitors; HoC-5: Throws & Asks for evaluation;
HoC-6: Models; HoC-7: Challenges; HoC-8: Provides maintenance

There were two main findings for the first research question. The first was that the
teacher played out a wide range of discursive roles to attain the ABI in her
classroom. In Table 23, percentages of the higher order categories of the teacher
discursive roles across the seven video cases (implementations) were presented. In
different proportions, the teacher played out stated several discursive roles. These
roles were generally teacher-centered (e.g., giving information and evaluating the
ideas) and learner-centered (e.g., conducting reflective discourse) teacher discursive
roles. To interpret, since the ABI permitted the uses of both scientists’ and learners’
social languages, the teacher had to play out both teacher-centered and learner-

centered teacher discursive roles.

The second finding for the first research question was that there were three
prominent teacher discursive roles among the other roles across the ABI
implementations. For a comparative analysis across the video cases regarding the
displayed teacher discursive roles, Figure 7 was composed. As seen in Figure 7, three
teacher discursive roles as teacher clarifies, elaborates and probes students’ ideas,
teacher focuses learners on focal aspects of and encourages monitoring to classroom
discursive events and teacher conducts reflective discourse covered at the least about

10% of the all roles played out in all ABI implementations.
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Figure 7. Comparison of the Types of Teacher Discursive Roles in ABI

Implementations across Different Science Content

In this sense, firstly, the teacher tried to understand what the students mentioned
about by clarifying their utterances. Clarifying-probing students’ utterances were
pervasively detected across the seven cases (more than 40% for all video cases).
Second, the teacher mostly tried to monitor students’ disciplinary engagement in the
discourse. Third, as it was expected in the learner-centered in-class implementations,
the teacher were mostly able to play out reflective discourse by giving responsibility
to students to evaluate the others’ utterances (e.g. ideas, sayings, argumenta,
findings). In below video-based excerpts, detected teacher discursive roles and their

percentages across the video cases are presented in detail.

4.2.1 Teacher Gives Information and Evaluates the Ideas

In Table 24, it is presented that how the teacher gave information and evaluated the
ideas of the students in a part of ABI implementation. The teacher provided science
knowledge directly to the students by means of narrates or logical expositions. In
addition, she also evaluated the student-led responses against to canonical knowledge
of science. In other words, she either accepted or refused the student-led responses
by putting the criterion regarding what counts as a true contribution to the classroom

discourse.
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Table 24. Excerpts of Teacher Discursive Roles Consisting Teacher Gives

Information and Evaluates the ldeas

s 38
= < —
- s Utterance Teacher Descriptions
n roles
Let’s start with a small T.h € teaqher started
. : . : . Close-ended  with asking a close-
1 T discussion. First, what is : ded .
flexibility? question ended question to
' the negotiation.
Flexibility is the ability of
2 S1** things to get bigger or No coding -
smaller.
The teacher
3 T Getting bigger, getting Evaluates accepts/acknowledg
smaller, okay. Yes, Firat?  (Accepting) es the students’
responses.
It is the ability of a thing,
4 o err, to change, to move a No coding i
lot...
5 T To change, to move (s/he Evaluates
nods and confirms), yes (Accepting)
Seher?
It is the ability of reversion :
6 53 after the force applied by No coding )
us.
The teacher played
out affirmation-
Yes, if it reverts to the _cum-direct
i Evaluates instruction by
previous state after some ) L
. (Accepting- affirming the
7 T force, we call that object . . .
. cum-Direct  answer, reinforcing
? We call it . . .
—_— . Instruction) it, and then moving
flexible”.

on to further
expository talk via
direct instruction.

(Note: 1% ABI implementation: Springs, December, 2014, Video transcript), *T: Teacher, **S1:

Student-1
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The dialogue between the teacher and the student made explicit confirmation of the
student-led responses in Line-3 and Line-5. This means that the teacher performed a
confirmatory dialogue with the students. To illustrate, the teacher posed questions,
captured answers of the students, then; she was liable to evaluate the student-led
responses. Finally she provided a formalized explanation after a direct affirmation

within Line-7. The formalized explanation was the canonical knowledge of science.

Teacher gives information and evaluates the ideas were the discursive roles that had
different percentages across the video cases. As seen in Table 23 and Figure 7,
during Springs (18%, relatively) and Inclined Plane (15%, relatively) ABI
implementations, evaluative and lecturing discursive roles were pervasive compare
to other five ABI implementations as Simple Machines (4,3%, relatively), Fixed
Pullies (2,6%, relatively), Solutions and Surface Tension (4,9%, relatively) and Light
& Energy (9%, relatively). It may be therefore expected that in Springs and Inclined
Plane implementations relatively pervasive discursive roles as evaluating the student-
led responses and giving information might negatively influence the students’

cognitive contributions to the classroom discourse.

4.2.2 Teacher Pools, Summarizes and Consolidates the Ideas

Another played out teacher discursive role was that the teacher pooled, summarized
and consolidated the ideas. This discursive role consists of the sub-roles such as
pooling ideas, summarizing student-led ideas, selecting student-led ideas among
others and consolidating student-led ideas. Indeed, these discursive roles were mostly
played out by the teacher after the students presented several related or unrelated
ideas or arguments regarding the topic under discussion.

For instance, in Table 25, within Line-11 and Line-40 the teacher summarized the
students’ responses by paraphrasing their responses. Within Line-249, the teacher
selected more plausible student-led responses by eliminating others. The selected

student-led responses were mostly the ones that were closer to the teacher’s teaching
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agenda that was determined prior to the ABI implementations. This predetermination

does not mean restricting student-led ideas, for instance, as in the form of research

variables. Instead, the teacher desired to keep the researchable variables within a

rational scope.

Table 25. Excerpts of Teacher Discursive Roles Consisting Teacher Pools,

Summarizes and Consolidates the Ideas

)
o 4
b= S —
- S Utterance Teacher Descriptions
N roles
Reflecting, scattering, r?c]: teggrlﬁ;
11* T  brightening... What is this light ~ Summaries capp
o previously pooled
doing like these? .
ideas.
0 T There are f_|refI|es, _th_ere is Summaries
lamp, there is electricity and
there is the Sun, yes.
Does it make any difference? | The teacher
mean, so, does the thickness of selected one of the
049 T the cloth make any difference? Selects previously
If so, let’s say color and mentioned ideas
thickness of cloth instead of the during discourse.
other.
The teacher
Ok kids, thank you; do you consolidates
343 T  have any questions? Then let’s  Consolidates several student

sum up our variables.

responses into a
single, coherent
summary

(Note: 7™ ABI implementation: Light & Energy, May, 2015, Video transcript) *After gathering
several student-led contributions to the classroom discourse, the teacher played out the discursive
roles such as “summaries” or “selects”, thus, these roles were presented in Table 25 by different

lines such as Line-11.

The percentages of the teacher discursive roles in this category (teacher pools,

summarizes and consolidates the ideas) were detected in lower levels across the ABI
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implementations. Almost in all video cases, the occurrences of these discursive roles
mentioned above were less than five percent (Springs: 2,3%; Inclined Plane: 0,7%;
Simple Machines: 1,2%; Fixed Pullies: 0,5%; Solutions: 1,3%; Surface Tension:
1,5%; all percentages are relative), except Light & Energy implementation (5,1%,

relatively).

These proportions may mean that during the ABI implementations, the teacher made
summaries based on the student-led responses or utterances rarely. In other words,
through this group of discursive roles, the teacher tried to grasp the student-led
responses and attained making wrap-ups, or summaries to clear up the negotiation of

meaning.

4.2.3 Teacher Clarifies, Elaborates and Probes the Ideas

Another occurred teacher discursive roles during ABI implementation were entitled
as teacher clarifies, elaborates and probes the ideas. This discursive role includes
several sub-roles. The sub-roles played out by the teacher were request for
clarification of the student-led responses, expanding the responses of students,
reformulating the student-led responses, probing the responses of the students and
embodies for presenting a more concrete example of the topic under negotiation for

the students’ comprehension and clarification.

The main purpose of this group of teacher discursive roles were to clarify and discern
what the students had been mentioned and argued. Put it differently, by actualizing
these discursive roles, the teacher tried to understand the actual background meaning
of the student-led responses. In addition, the teacher tried to go deeper by posing
probing-questions to comprehend the ways and the aspects of the student-led ideas,

arguments, and sayings.
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Table 26. Excerpts of Teacher Discursive Roles Consisting Teacher Clarifies,

Elaborates and Probes the Ideas

Utterance Teacher roles Descriptions

Line
Speaker

If I told you to shovel the
snow over there, what would
40 T you use? Embodies

The teacher shared a
concrete example for
students’
comprehensions

With a shovel. It is also one
of the simple machines. It

41 55 works like simple machines, No coding
t00.
Why did you c_onSIder ltasa The teacher clarified
simple machine, can you Requests for .
42 T . e the further meaning of
explain? clarification ! .
what has been just said
43 S5  Because it makes our task No coding
easier.
The teacher encouraged
Do all the machines make the stu_dents to |_orOV|_de
44 T . . Probes more information via
things easier? i
explicit requests
No, some of them make
45 S7 things harder. No coding

Would you give an example

46 T  to those which make things
harder?

(Note: 3" ABI implementation: Simple Machines, January, 2015, Video transcript)

Requests for
clarification

In Table 26, an excerpt was extracted to present clarification and probing discursive
roles of the teacher. For instance, within Line-40, the teacher introduced a concrete
example to make a further and deeper negotiation about simple machines. After the

teacher embodied a real-life example of a simple machine, a student provided a
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response (Line-41, Student-5). Then, the teacher requested for a further clarification
of the provided response to understand the student’s background reasoning about her
response (Line-42). Based on the Student-5’s second response (Line-43), the teacher
made a probe (Line-44) in order to hear the deeper reasoning or comprehension of
Student-5. Then, immediately Student-7 provided a false response by advocating the
idea that some simple machines make the works more difficult (Line-45). In here, the
teacher might make a direct rejection of this fallacious response. However, the
teacher selected another way by requesting an example of a machine making the
things more difficult (Line-47). This last discursive role in the excerpt was therefore
evaluated as request or clarification. Since, the teacher was wondering why Student-7

held this idea regarding simple machines.

In this study, the communication within classroom discourse appeared considerably
important for the all seven video cases of ABI implementations. Since when Table
23 and Figure 7 considered, it was understood that across all ABI implementations,
discursive roles as teacher clarifies, elaborates and probes the ideas covered the four
to five out of 10 played out discursive moves of the teacher (Springs: 46%; Inclined
Plane: 41%; Simple Machines: 49%; Fixed Pullies: 47%; Solutions: 47%; Surface
Tension: 47%; Light & Energy: 40%; respectively).

This outcome can be considered as plausible for the ABI implementations. To
explicate, the teacher and the students had to discern and comprehend each other
before augment the scope of the classroom discourse. Put it differently, before
clarifying and discerning a contributor’s (i.e., the teacher or one of the students)
utterance’s background meaning, it would not be plausible to negotiate further points
embedded in the classroom discourse. As rational, mentioned teacher discursive roles
were the bases of other more thought-provoking and intellectually contributing

discursive interactions.
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4.2.4 Teacher Focuses Learners on Focal Aspects of and Encourages Monitoring

to Classroom Discursive Events

As a more learner-centered or dialogic discursive role, the teacher attained focusing
learners on focal aspects of and encouraging monitoring to classroom discursive
events. In this group of teacher discursive roles, it was expected that teachers
generally may use focus role and monitor role. A teacher uses focus role by focusing
attention on a particular student’s response or gathering the student’s attention on
important aspects of negotiations during ABI implementations. By Monitor Role, a
teacher may guide students for monitoring regarding what is happening in the

discourse now.

In the current study, the monitor role was for framing students’ minds or thinking
about classroom events regarding on-moment classroom events. For instance, a
teacher may use the monitor role in order to encourage students to follow their
understanding of a classmate’s thinking. This may be possible by backgrounding
(e.g. prompt students for monitoring what was happening in the
discourse/processes/procedures) and foregrounding (e.g. prompt students for

monitoring what will be happening in the discourse/processes/procedures).

In an extracted excerpt as seen in Table 27, within Line-60, Student-4 attempted to
mention about something on Mabhir’s (Student-9) previous idea. The teacher used this
request through focusing on Mahir’s previous idea. The teacher tried to gather
attention and inform the all class that they should pay attention to Mahir’s saying
(Line-61). After the Mahir’s response (Line-62), the teacher reminded Mahir that he
argued something else within her previous response (Line-63). It was a direct
backgrounding monitoring that the teacher prompted Mabhir for monitoring what was

happening in the discourse when he had contributed by saying something.
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Table 27. Excerpts of Teacher Discursive Roles Consisting Teacher Focuses

Learners on Focal Aspects of and Encourages Monitoring to Classroom Discursive

Events
)
L X
b= S .
- o Utterance Teacher Descriptions
) moves
May | comment on Mahir’s
60 S4 words? No coding
Yes, what Mahir says is this: Thr%;[ﬁactzgder
Mahir, can you repeat what artti)uIati% nof a
61 T you said to your friends? Focuses focal issue by the
(Turning towards the whole students’ (Ma)r/ﬂr’s)
class) sayings
| think the one below falls,
62 S9  because there is more force of No coding
gravity.
The teacher
This one resumes falling, but p;?lﬂzﬁdf;?e
63 T you just said its potential was Monitors monitoring what
little. was happening in
the discourse
64 sS4 But, this time that one is below No coding

and that one is above.

(Note: 4™ ABI implementation: Fixed Pullies, February, 2015, Video transcript)

When Table 23 and Figure 7 considered, the second pervasively used teacher

discursive role can be accepted as focuses learners on focal aspects of and

encourages monitoring to classroom discursive events. To illuminate, in five ABI
implementations, about 15% of all the teacher discursive roles among others were
covered by this teacher role (Inclined Plane: 16%; Simple Machines: 15%; Fixed
Pullies: 19%; Solutions: 19%; Surface Tension: 16%; all percentages are relative). In
Springs (11%, relatively) and Light & Energy (9%, relatively) implementations,
Focus Role and Monitor Role were relatively lower compare to others, but in these

two implementations, one out of the 10 played out discursive roles were actualized
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by either Focus Role and Monitor Role. In conclusion, in this study, after clarifying
and probing student-led responses, the teacher appeared to play out framing,
attention gathering and monitoring discursive roles in order to attain the base of the

negotiation to a further point.

4.2.5 Teacher Conducts Reflective Discourse

In the ABI implementations, there was a third prominent teacher discursive role
entitled as teacher conducts reflective discourse. In this group of teacher discursive
roles, the teacher used specific roles to consider the student information to progress
classroom discourse. Student information means student-led arguments, sayings,
opinions, and so forth. In this sense, a teacher may attach or associate his or her next
discursive role to the previous student-led responses. In this study, there were two
apparent sub-roles characterizing the discursive role. These were Throws and Asks
for Evaluation. For Throws sub-role, in this study, the teacher prompted students for
responding others’ ideas/opinions/counter-arguments/alternative arguments/sayings.
The teacher also attained a particular form of Throws sub-role as reflective-toss by
throwing the responsibility for thinking back to the student who provided the

previous responses or to other members of the class.

In addition, the teacher played out another specific form as toss-back by in placing of
an evaluation, she asked for the students to comment on a student’s response. In this
manner, in the ABI implementations, it was substantially necessary for the teacher to
invite the student to evaluate other’s ideas. The teacher dominantly used the ask for
evaluation role to engage students in comparing, evaluating, judging and assessing
methods, examples, instances, demonstrations, arguments, opinions asserted by the
teacher or the other students. This discursive role was also used by the teacher in
order to promote the students for evaluating proposed methods, results, findings,
outcome saying for themselves and others. Thus, this permitted the students to put
the legitimization criterions when evaluating which contributions should be counted

as rational or non-rational during the classroom discourse.
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Table 28. Excerpts of Teacher Discursive Roles Consisting Teacher Conducts

Reflective Discourse

e
2 2
4 ;’% Utterance Teacher roles Descriptions
185 S8 Oil stays like this (... makes a No coding
circle with her/his hand).
Round, stays like this different
from the water.

186 T Doesn’t it? There is a Throws The teacher thrown
difference in its position? What the responsibility for
do you think, let’s comment on thinking back to the

this? student and other
members of the class

271 S6 Just now you made salt-water, No coding
it was like positive-negative;

they pulled each other.

272 T Ok, let me tell you this: let’s Asks for The teacher prompted
look at oil-water and vinegar- evaluation students to evaluate a
water solutions. At these two proposed idea or
examples it will stay between instance already
two substances. What do you mentioned in the

think? discourse

273 S2 I don’t think so; it may stay No coding

between a little.
444  S11  Salt, when it is solid... When it No coding
IS put into water it changes
between liquid to gas. That’s
why this is a chemical event.
445 T Do you agree with your friend? Asks for
What do you think? evaluation
446 S2 No, | completely disagree. | No coding

watch “Survivor”. There, they
go into water and then they get
dry; but salt remains. | mean,
physical change occurs; but salt
remains.

(Note: 5™ ABI implementation: Solutions, March, 2015, Video transcript)

In an extracted video-based example, seen in Table 28, after the attempt of Student-8
(Line-185), the teacher posed attached questions to the previous response of Student-
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8 to engage all other students in the topic under discussion (Line-186). In an explicit
sense, the teacher made an invitation for students to make an interpretation on the
Student-8’s opinions. In this context, the interpreter was not the teacher, since; this
interpretation work was thrown to the other students. Within lines from 271 to 273,
ask for evaluation role can be seen. Within Line-271, Student-6 mentioned about
water-salt solution in referring intermolecular forces in illustrating soluble conditions
of mixtures. Immediately, the teacher asked for an evaluation as in the form a
comparison by leading the students to assess the divergences or communalities
between the previously presented student-led example and her example (Line-272).
The teacher also indicated her intention by saying “How about...?” to guide students
to evaluate the different examples by comparing and contrasting them. The teacher
promoted the students directly to evaluate other’s arguments by saying “Do you
agree with her idea, how about you say about her idea?” (Line-445) and this made
Student-2 as one of the alternative evaluators (alternative of th teacher as evaluator)

of the arguments presented in the discourse (Line-446) and he made a judgement.

The teacher conducted reflective discursive roles in a dominant way for the most of
the ABI implementations. In Springs (9,3%, relatively) and Inclined Plane (11%,
relatively) implementations, the teacher conducted reflective discourse in lower
levels compare to Solutions (15%, relatively) implementation. In other four cases,
the teacher played out reflective discourse in a more pervasive manner that was more
than 20%of the utterances of the teacher were the examples of reflective discourse
(Simple Machines, 23%, Fixed Pullies, 22%, Surface Tension, 21%; Light & Energy,
25%; respectively). As a whole, within the scope of this study, it can be expected that
the higher proportions of playing out reflective discourse may contribute to students’
cognitive contributions as they had changes to put the legitimization of others’
sayings rationality by undertaking the responsibility of maintaining the classroom

discourse.
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4.2.6 Teacher Models Aspects of Processes of Science and Speech Genres

In the ABI implementations, the students designed and conducted their experiments
around their research questions. The students therefore were engaged in experimental
procedures by means of data collection, analysis and interpretation. Thus, the teacher
had to model how a scientist studies in the laboratory or his or her working field. In
this group of discursive roles, there were two discursive sub-roles that were played
out by the teacher during the ABI implementations. First was the Model sub-role. By
Model sub-role, the teacher modelled and rehearsed aspects of processes, procedures
and operations of science during the ABI implementations. In order to this, the
teacher for instance modelled how to a scientist controls the variables in an
experiment, or how to a scientist attains multivariable thinking, or how to a scientist
makes reliable and valid measurements, or how to a scientist triangulates data
collection or how to a scientist deals with the scientific units. The second discursive
role was to playing out Speech Genres. As known, in an ABI implementation, there
would be diverse modes of communication modals in addition to verbal ones. In the
current study, these were multimodal communicative tools such as student-led tables,
charts, graphics, etc. The teacher therefore had to refer the other types of
communication tools in addition to verbalized ones in order to expand the scope of

the discursive interactions.

For an instance, in Table 29, using of Model sub-role and Speech Genres sub-role
can be seen. Within Line-180, Student-4 supposed that when the numbers of wheels
are increased, the friction force would be more. Then, the teacher tried to lead the
students to think in a way in which the numbers of the wheels are controlled and the
types of the roads are changed (Line-181). Because, the teacher was of the idea that
Student-4 was interested in the numbers of the wheels in increasing friction force.
However, the teacher guided her to think in a more rational way in which when the

types of the grounds (types of roads) are changed, the friction force may be changed.
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Table 29. Excerpts of Teacher Discursive Roles Consisting Teacher Models Aspects

of Processes of Science and Speech Genres

2 2
S © L
-1 3 Utterance Teacher Descriptions
) roles
If there are more tires on a truck,
180 S4 there will be more friction. No coding
Ok, but let’s think like this...
; o The teacher
Tires of a truck are the same: it
. modelled the how
goes on a blacktop road, it goes
181 T ; Models a person controls
on macadam, and it goes on earth . .
the variables in an
road... What changes? .
experiment
Hmmm, the road changed. That .
182 54 thing (meaning the tires) is stable. No coding
Doesn’t it mean that the light one
222 S7 arrives faster?! (says rebelliously)  No coding
Yes, let’s look at the graphic of The teacher asked
this moment. Yes, it looks as if students to
they couldn’t form this chart here, Speech evaluate tables or
223 T to there (meaning the graphic); Enres graphics for
the light one is 0,79; the heavy g summarizing and
one is 0,81. That means the light interpreting
one is faster. findings

(Note: 2" ABI implementation: Inclined Plane, December, 2015, Video transcript)

The teacher did this revision of the idea of Student-4 by a Model sub-role. In another
example, within Line-222, Student-7 reacted against the graphical values and claims
of the presenter group. Then, in an objectified sense, the teacher turned herself to the
data on the graphical representation in order to evaluate the Student-7’s revolt (Line-
223). The teacher interpreted findings by means of reading the graphical values and

indicated that she agreed with the ideas of Student-7.
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During the ABI implementations, the teacher used the Model sub-role and Speech
Genres sub-role in a lower sense. In the Inclined Plane implementation, the teacher
used these discursive roles more than 10% among other roles (11%, relatively). In
Solutions (6,3%, relatively) and Springs (7,3%, relatively) implementations the
teacher also carried out these discursive roles more than five percent compare to
other four ABI implementations (Simple Machines: 3,7%, Fixed Pullies, 1,5%,
Surface Tension:1,9%, Light & Energy: 2,8%, respectively). It is expected, since, the
teacher needed these discursive roles only when the students were engaged in their

experimental procedures and presenting their findings to the all class.

4.2.7 Teacher Acts as Challenger and Seeks for Justified Reasoning

As mentioned, during the ABI implementations, there were three interwoven cycles
that were the initial social negotiation of meaning, experimenting and presenting the
findings to convince others (whole group negotiations). In these phases, the teacher
tried to detect and make explicit the students’ fallacious reasoning, arguments,
research findings, so forth to carry the social negotiations of meaning to further
points. To do this, the teacher mostly played out Challenge Role. In attaining
challenge role, the teacher played devil’s advocate role that she pointed out counter
arguments and contradictions within the students’ utterances, indicated flaws in their
arguments. In addition, in the ABI implementations, the teacher was also responsible
to prompt the students for achieving evidence-based reasoning (EBR). Since, the
students were engaged in data collection, analysis and interpretation procedures to
generate an argument around an inquiry-based activity; ABI. Not only in
experimenting procedures, but also in other discussions during the ABI
implementations, the students were prompted for mentioning their utterances by
means of evidences, justifications or warrants. For this purpose, the teacher tried to

play out Prompt for EBR sub-role.
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Table 30. Excerpts of Teacher Discursive Roles Consisting Teacher Acts as

Challenger and Seeks for Justified Reasoning

o 8
S © o
- g8 Utterance Teacher Descriptions
%) moves
220 S3 I mean, it pulls here. No coding
221 S8 It flowed here! No coding
May | show you something? (The
teacher spills a glass of water on
glass; some of it flows and glides,
some sticks and stays.) There is
gravity but the water above nearly
222 T stands still, nearly. It is not moving The teacher
down. Look, did it move? | mean the provided a counter
force of gravity is more than the little Challendes case to challenge
slope here, isn’t it? Slope; it is in the g and contradict the
position of free falling, but it is not students’ previous
moving. responses
223 S3 But it constantly moved. No coding
No, look at the above; it is not .
224 S8 moving any. No coding
I think, it wasn’t that important to
463 S2 make it flow on wood... No coding
You say it didn’t move outside the .
464 S6 wood, you mean there is no problem. No coding
Since your friends have done an The teacher asked
) for the use of the
experiment, and they have found a Prompts for .
. . : . evidence from the
result like this, we should discuss evidence-
) o\ ! . student-led
465 T according to it; and discuss its cause. based .
. ; experiences when
You, too. Which of the surfaces here reasoning
keeps water? (EBR) the_ students
' mentioned about
their ideas
466 52 Iron is the most, according to the No coding

results.

(Note: 6™ ABI implementation: Surface Tension, April, 2015, Video transcript)
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Examples of Challenge and Prompt for EBR sub-roles can be seen in Table 30. In an
implementation (Surface Tension), the teacher thrown a cup of water to the windows
and the water attached the glass of the window and this produced a big challenge for
the Student-3 (Line-220) and Student-8 (Line-221) while they were negotiating a
related event of surface tension. Then, the teacher interpreted the behavior of
draining water from the glasses of windows as a challenge for the students. The
students comprehended this contradiction and shift their negotiation’s base by means

of the teacher’s concrete challenge.

In another episode, within the lines 463-466, Student-2 (Line-463) and Student-6
(Line-464) were negotiating a group’s experimental procedures. The teacher realized
that the discussion was progressed in an intuitive manner by not considering
observational data or other data-based evidences. Thus, the teacher made an attempt
to direct the two students to look at the obtained data from the experimental
procedures (Line-465). In an explicit manner, the teacher gave a signal to the
students that they should mention their ideas by means of applying obtained data

coined as evidence-based reasoning.

During the ABI implementations, the teacher acted as a challenger and sought for
EBR more than five percent among other discursive roles for the five
implementations (Springs: 5,8%, Fixed Pullies: 7,7%, Solutions: 6%, Surface
Tension: 7,1%, Light & Energy: 9%; respectively). However, these discursive roles’
percentages were not more than 10 percent across the five video cases. In addition, in
other two video cases, the teacher acted as challenger and sought for EBR less than
five percent among other discursive roles (Inclined Plane: 4,7%; Simple Machines:
4,3%, respectively).

4.2.8 Teacher Creates an Intellectually Comfortable Classroom Atmosphere

Finally, the teacher played out some dispositional discursive roles that contributed to

create a classroom harmony in which all members of the class might speak up their
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voices in a flexible and comfortable manner during the ABI implementations. These
discursive roles were keeping neutrality, invoking silence or wait-time to foster
student thinking, acknowledging the students as conversational partners. In an ABI
implementation’s episode that is extracted as Table 31, the teacher requested the
students to see their faces by turning their ways to each other, as a circle (Line-503).
Since, during this moment of the implementation (whole group negotiations), the
students responded to each other but they sat in a conventional style of classroom.
The teacher tried to eliminate this physical constrain, since; she accepted that the
research groups would be undertaking presenting their own findings as
conversational partners of the teacher and the other students. However, these
discursive roles were detected in a rare sense in the ABI implementations. Only in
Inclined Plane and Solutions implementations with a rare manner (1%, relatively),
the teacher carried of the discursive roles consisting providing maintenance of the
negotiations.

As an important note, as mentioned earlier, across the seven ABI implementations
the teacher discursive roles were seemed to be consolidated within three prominent
roles (first research question and related findings). In the context of this study, the
consolidation of a teacher discursive role stands for a defined discursive role was
occurred and detected in a more intensive manner compare to others across to all or

several ABI implementations.

In addition, there were only a few considerable quantitative differences across the
ABI implementations in terms of the occurrences of the consolidated teacher
discursive roles. For instance, in Springs and Inclined Plane implementations, the
teacher conducted reflective discourse in a less pervasive sense compare to other five
implementations and across the remaining five implementations there were very
small quantitative differences regarding the occurrences of each discursive role.
Thus, a teacher discursive role was labelled as consolidated since it was occurred at
the least five ABI implementations in a dominant manner compare to other

discursive roles.
166



Table 31. Excerpts of Teacher Discursive Roles Consisting Teacher Creates an

Intellectually Comfortable Classroom Atmosphere

Teacher

Utterance
roles

Line
Speaker

Descriptions

501 T Then, | want to continue with No coding
the second group.
| experimented on the effect of
502 S granule size on the process of No coding
dissolution with my group.

The teacher

You can turn towards your acknowledged and
friends like this; let’s do the Providing encouraged the
503 T . . . :
same thing we just did; face to  maintenance students as
face. conversational
partners

(Note: 5™ ABI implementation: Solutions, March, 2015, Video transcript)

However, substantial changes were detected across the video cases in terms of
students’ cognitions that were subjected to remaining four research questions (RQ2,
RQ3, RQ4 an RQ5). In the context of this study, it was thought that the differences
across the ABI implementations regarding the students’ cognition might not be due
to only small quantitative changes in consolidated (e.g. teacher clarifies, elaborates &
probes the ideas) or non-consolidated (e.g. teacher pools, summarizes & consolidates
the ideas) teacher discursive roles. In addition, there might be (had to be) contextual
usage differences of the teacher discursive roles from one ABI implementation to
another. In other words, more or less quantitative differences might not be
contributing in terms of altering the cognitive contributions of the students to the
classroom discourse. Moreover, there had to be contextual quality differences among
the teacher discursive roles. Contextual quality difference refers to the differences of
the usages of the same discursive role with a different discursive and pedagogical
purpose. In other words, the coded label of the teacher discursive role may be same,

but the purpose of the same teacher discursive role can be totally changed that
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contribute to any substantial change in the students’ cognition. In Episode Analysis
section, this kind of findings will be presented in detail and evidently discussed. For
this reason, first, alterations in students’ cognitions across the seven video cases are
presented. Then the reasons of the substantial differences or communalities between
the teacher discursive roles and the students’ cognitions will be evidently presented

in Episode Analysis section.

4.3 Second Research Question and Related Findings

The second question was about the teacher discursive roles allowing more
quantitative cognitive contributions of the students to the classroom discourse. The
second question was that which types of teacher discursive roles were played out by
the teacher allowing enlarged quantitative cognitive contributions of the students
over the course of the ABI implementations? In order to respond to the second
research question, two indicators of students’ cognitive contributions to the

classroom discourse were analyzed.

The first was the occurrences of triadic dialogues or patterns of interactions. In this
study’s ABI implementations, the discursive interactions between the teacher and the
students were actualized around the genres of the triadic dialogue as Initiate-
Response-Follow-up move (IRF) where the F-move can be an evaluation,
explanation or a teacher discursive role such as requests for clarification or probing.
When an F-move is an evaluation, in an implicit or explicit manner, a teacher
attempts to make an affirmation or rejection of provided student-led response against
the canonical knowledge of science. When F-move is an explanation, a teacher
provides related information regarding the subject under discussion. Follow-
up/explanation move can be played out after an affirmation or rejection of a student’s
response. Follow-up questioning, in addition to this, can be played out by the teacher
instead of making an evaluation or explanation. If the triadic dialogue is closed by a
follow-up questioning, it can be a teacher discursive role that guide students more

open-ended responses. Finally, a response is provided by students based on the
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follow-up questioning of teacher. Since, when there is a follow-up evaluation or
follow-up explanation, students do not have any opportunities to intellectually
contribute to the classroom discourse. In other words, by means of confirmative
evaluations of expository explanations, students’ attempts can be interrupted. To
illustrate, students voice must be dominantly augmented prior to anticipating their
authentic intellectual contributions to the classroom discourse. In a mechanistic and
simplistic manner, first, students should be leaded to speak up their voice during the
classroom discourse, as an increase in quantitative contribution, and then an
incremental tendency regarding their voice’s quality can be expected. By this
rational, the researcher coded and counted the numbers of the components of triadic
dialogue occurred in the ABI implementations. Some examples of the occurred

triadic dialogue instances in the ABI implementations are displayed in Table 32.

As seen in Table 32, the teacher made several follow-up evaluations (Lines: 85, 87,
89, 92, 97) based on the responses of the students. In this episode, seen in Table 32,
the teacher played out interwoven moves such as Follow-up/Evaluation & Follow-up
Questioning (Line: 87) or Follow-up/Evaluation & Follow-up/Explanation &
Follow-up Questioning (Line: 97). In Line-97, the teacher first affirmed the provided
student-led response, then gave an expository talk by explaining how to door handles
work, and finally attained a follow-up questioning (for this episode it was a probing

role) to lead students to reason about why door handles are flexible.

When all triadic dialogues were coded and counted across the video cases, Figure 8
was composed. Across the video cases, there were differences among the
occurrences of the components of the triadic dialogues. Firstly, as seen in Figure 8,
follow-up questioning move was played out by the teacher more than about 30%
among the other moves across the ABI implementations. It means that the teacher
was able to play out three out the 10 moves as a follow-up questioning instead of

evaluation or explanation.
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Table 32. Excerpts of the Patterns of Interactions

S
2
[<5]
- & Utterance Ii?;trzrcr:igrw Descriptions
There is spring inside that is Follow-
85 enabling the stretch. Yes, .
N up/Evaluation
Giines.
86 The bed. Response
Follow- Follow-
87 Bed, ok. What is there inside ~ up/Evaluation &  UP/Evaluation: The
the bed we sleep? Follow-up teacher evaluated :che
Questioning previous student’s
There are springs, which are response.
88 why it is stretching. Response
Follow-up
: Follow- Questioning: The
There are springs, excellent. up/Evaluation & teacher posed a
89 You mean we implement force Follow- furth tion that
and it stretches, then it takes its un/Explanation ur ber qu?s 'tor('j a
previous form again. PEXD can be eva'uated as a
teacher discursive
90 Sofa. Response role.
Pencil Follow-up
91 Response Explanation: The
Follow- teacher accepted the
92 Pencil (s/he nods), yes. ub/Evaluation students’ response
C b and made a further
93 a Response and related
explanation.
. Follow-up
94 Which réir;rgf ;[2'? car, an Questioning Response: The
ple: students provided
S . d shock responses and
95 b u;pen5|lons§1n ?hoi- Response reasons of the
absorbers placed on the tires. responses to the
| open- or close-ended
96 Door handles! Response questioning of the
_ _ Follow- teacher.
Door handles, nice! | push it up/Evaluation &
97 and the door opens; when | Follow-
release it turns to its previous  up/Explanation &
state back. What is there in it? Follow-up
Questioning

(Note: 1° ABI implementation: Springs, December, 2014, Video transcript)
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In addition to this, it is explicit in Figure 8 that follow-up evaluation move was
dominantly played out by the teacher in Springs (13%, relatively) and Inclined Plane
(13%, relatively) implementations compare to other five implementations. These
might bring about lower levels of students-led cognitive contributions to the
classroom discourse. Since, when the teacher’s evaluation move was played out in an
incremental manner, the students might avoid contributing the classroom discourse.
In other words, there might not be an argumentative context in which the students

presented their utterances in making intellectual contributions to the classroom

discourse.
100%

90%
80% 32 7. LIGHT & ENERGY
70%

35 M 6. SURFACE TENSION
60%
50% 372 m 5. SOLUTIONS
40% M 4. FIXED PULLIES
30% 36,4 = 3. SIMPLE MACHINES
20% 28 2. INCLINED PLANE
10%

31 B 1. SPRINGS

O% T T 1
Follow-up Follow-up Follow-up Response
guestioning evaluation explanation

Figure 8. Percentages of Occurrences of Patterns of Interaction across the ABI

Implementations

In a similar vein, follow-up explanation move was pervasively played out by the
teacher in Springs (10%, relatively) and Inclined Plane (9,3%, relatively)
implementations compare to other five implementations. These two ABI
implementations were the teacher’s first initial trying of a more learner-centered
teaching approach and this could be a reason why the teacher made long explanations
for her students during the classroom discourse. This means that one out the 10

moves of the teacher serviced to give scholarly information to the students.
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Expectedly, as clear in Figure 8, response moves (student move) were lowered in
Springs (43%, relatively) and Inclined Plane (43%, relatively) implementations
compare to other five implementations. Put it differently, when the teacher attempted
to make more affirmation/rejection or provide explanations, there were no space for
the students to make their voice pervasive in the ABI implementations and this
inference was particularly for the Springs and Inclined Plane implementations. As
mentioned, first students’ voice during the ABI implementations must be
ameliorated, then; they might be able to make higher quality cognitive contributions
to the classroom discourse. As a whole, there should be a transition from the
quantities of the student-led voices to the qualities of the student-led utterances.

In this sense, coding and counting of the occurrences of the components of triadic
dialogue was a pre-indicator, but it was only about the quantitative contributions of
the students across the cases. For a transition rational as from the quantitative
contributions to the qualitative ones, the syntacto semantic complexity of the
utterances of the students were also coded and counted. This coding and counting
was progressed by SOLO Taxonomy (Structures of Observed Learning Outcomes) as
detailed in Methods section. Syntacto semantic complexity of the utterances were
considered, since; in some cases the students provided short responses consisting a
few words or long speeches consisting a full story. In addition, coding and counting
syntacto semantic complexity of the utterances were useful in terms of mentioned

transition.

To explain, in Table 33, the first three levels of SOLO (pre-structural, uni-structural,
multi-structural) were exemplified. In pre-structural level that is coined as stage of
ignorance, a student-led cognitive contribution is scholarly or scientifically improper.
For instance, in Line-7, the teacher asked for the meaning of the weight. In the next
utterance, Line-8, Student-4 explained the weight by the mass and she was seemed to
consider the weight and mass as synonyms. Thus, this utterance was evaluated as
within the pre-structural level. After the teacher’s next follow-up questioning (Line:

9; a probing in this case), Student-3 made relations between the weight and Newton
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as the unit of weight (Line: 10). Then, immediately, Student-1 made another one-way
contribution by relating the weight by the load (Line: 11). These were uni-structural
contributions. Within Line-13, Student-2 associated the weight with the Newton.
Then, the teacher required for a clarification how she associated the weight with the
Newton (Line: 14). Within Line-15, Student-2 presented a two-way response in order
to illustrate how she related the weight with the Newton. Student-2 explained that
there is a relation between the different units systems. To explain the Newton (as a
unit) as a derivation of weight, Student-2 depicted a two-step calculation method
(Line: 15). Thus, she picked up more than one point of the content under discussion.
However, there was not an integration of the provided responses as these responses
were used by an isolated manner. As a whole, this should be considered as only
quantitative cognitive contributions to the classroom discourse. In other words, from
the uni-structural student-led utterances to the multi-structural student-led utterances,
the numbers of the considered ways of the phenomenon under discussion were
increased. However, the analytically presented pieces of knowledge were not attach
to each other to attain a generalization as stated in SOLO taxonomy as relational or

extended abstract.

As mentioned, there is a transition from the only student-led quantitative cognitive
contributions to the qualitative contributions. In the SOLO taxonomy, quantitative
cognitive contributions are stayed within stages of surface learning (uni-structural
and multi-structural). In stages of deeper learning, there are further qualitative
cognitive contributions that are coined as relational and extended abstract. In Table
34, cognitive contributions as relational and extended abstract can be seen. After an
experimentation and presentation process, the students were negotiating the features
of the simple machines as levers. At the end of the experimentation and presentation
processes, they attained several abstractions about the levers. In this case presented
in Table 34, the students were trying to convince other groups that their findings

were more plausible and explanatory.

173



Table 33. Excerpts of the Pre-Structural, Uni-Structural and Multi-Structural

Contributions of the Students

S
g % Syntacto-
4 8 Utterance semantic Descriptions
n complexity
Their weights, ok. What is the
7 T weight? No coding
Prestructural: The
8 S4 It is the mass. Prestructural task is engaged, but
the learner is
9 T Are they the same; weight and No coding dis_tracted or misled
mass? by irrelevant aspects
or information;
Weight is newton, we calculate nothing meaningful
10 S3 it by newton. Unistructural has been learned.
11 s1 Weight is the load. Unistructural Unistructural: The
learner focuses on
Yes, our friend has just the relevant domain,
mentioned something important, and picks up one
12 7T what is your response to No coding aspect to work with;
him/her? one specific thing
has been learned.
The weight is newton, isn’t it? .
13 s2 ¢ Unistructural Multistructural: The
Is it newton? How is that, can learner picks up
14 T you explain? No coding more and more
relevant or correct
Weight means multiplying the features, but does not
mass with gravity, | mean 10. integrate them;
That equals the weight. For several relevant,
example if this is 50 gr; we can inde_per]ldtlent and
learn its weight-newton b . meaningful aspects
15 S2 g y Multistructural have been learned.

multiplying it with 10. But if it
is gr, we should first convert it
to kg; then multiply it with 10

and learn its newton. We should

convert first.

(Note: 4™ ABI implementation: Fixed Pullies, February, 2015, Video transcript)
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Table 34. Excerpts of the Relational and Extended Abstract Contributions of the

Students
e
kY Syntacto-
s .
& Utterance semantic Descriptions
complexity
@ There can’t be a lever without a
- fulcrum! All levers have a
262 sS4 fulcrum. Otherwise how can we Extended-
lift! We can’t lift anything Abstract
without a fulcrum.
So, we continue to face
difficulties. Since there is no
fulcrum, our work doesn’t get
263 Sl easier like a simple machine! Relational Relational: The
(talks about his/her own learner now integrates
experiments) the parts with each
other, so that the
If it is not possible to have a lever whole has a coherent
without a fulcrum, this definitely structure and
can’t be a lever. Hmmm, this Extended meaning; aspects
264  S3  lever doesn’t have a fulcrum! So, Abstract learned are integrated
this can’t be considered as a into a structure.
lever!
Extended Abstract:
Exactly, just like Ferhat said; The learner now
there is no fulcrum. Ok, we may generalizes the
265 T move the Earth, but I think we No coding structure to take in
need a fulcrum? new and more
abstract features,
Yes. There is no fulcrum here. In representing a higher
fact there is no need for the force mode of operation;
and fulcrum to be at the same Extended aspects learned are
266 SS9 place. That can’t be a lever! That generalized to a new
Abstract .
way we would have more domain.
difficulties.
When we try to open this door
here it gets more difficult -
...showing the hinged part of the
267 Sl door-. That’s why the door Extended-
handle was made to the most Abstract

remote place — says meaning the
distance between the hinge and
the door handle-.

(Note: 3" ABI implementation: Simple Machines, January, 2015, Video transcript)
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Based on the collective findings, abruptly, Student-4 made an inductive reasoning
that all levers must have a backing to make easier people’s works (Line-262). Then,
Student-1 interpreted their own findings that levers cannot be considered as simple
machines, when a lever has not a backing (Line-263). In this sense, Student-1 made a
connection between the levers, backing and simple machines and this utterance was

evaluated as relational.

Then, Student-9 discovered another point in the experiments of Student-1’s group
that they put the force or mass and the backing in the same point. Thus, according to
Student-9, this was not a real lever, since; it has not a backing due to the position of
force/mass and the location of backing as there was no backing because of this
specific positioning (Line-266). When Student-9 mentioned this compelling and non-
working positioning or backing system in a lever, Student-1 provided an individual
example by carrying the negotiation onward. Student-1’s example (Line-267) was an
original one as she revealed a relation between the working mechanism of door
handles and working mechanism of the levers as simple machines. A door handle is
put to the most distant position to the hinges, since, in this specific position, it is
easier to open or close doors with small forces. With this reasoning, Student-1 was
able to generalize the working principle of a lever to another simple system as
opening and closing doors. In conclusion, the response of Student-1 was an extended

abstract and this response transcended the levers’ mechanism.

When all video cases were coded and counted in terms of quantitative and qualitative
cognitive contributions of the students, three findings were featured. First, the
students were mostly stayed within the stage of ignorance zone in terms of their
cognitive contributions to the classroom discourse in Inclined Plane (16%,
relatively), Solutions (16%, relatively) and Fixed Pullies (22,88%, relatively)
implementations compare to other four implementations (see also Figure 9). It means
that in these three ABI implementations the students were able to generate either pre-

structural or uni-structural utterances.
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Figure 9. Percentages of the Occurrences of the Student-based Cognitive

Contributions in terms of Syntacto Semantic Complexity (SOLO)

Secondly, the students were pervasively stayed within stages of surface learning
zone in terms of their cognitive contributions to the classroom discourse in Springs
(86,8%, relatively), Inclined Plane (79%, relatively), Solutions (80%, relatively),
Surface Tension (86,64%, relatively) and Light & Energy (77%, relatively) compare
to Fixed Pullies (50,98%, relatively) and Simple Machines (44,2%, relatively)
implementations. As a whole, it appears that if the students’ cognitive contributions
were not pre-structural, they were found as either uni-structural or multi-structural in
most of the ABI implementations by considerably higher percentages. Thirdly, the
students were dominantly stayed within stages of deeper learning zone in terms of
their cognitive contributions to the classroom discourse in Simple Machines (48,6%,
relatively) and Fixed Pullies (26,14%, relatively) compare to other five
implementations. In these two ABI implementations, the students were able to make
more qualitative cognitive contributions to the classroom discourse. The substantial

differences across the ABI implementations in terms of students’ cognitive

177



contributions to the classroom discourse may be explained by the different quantities

and qualities of the played out teacher discursive roles (episode analysis).

4.4 Third Research Question and Related Findings

The third research question was that what were the patterns between the teacher
discursive roles and the students’ cognitive pathways over the course of the ABI
implementations? In ABI implementations, the students were involved in social
negotiation and experimentation processes to produce their own arguments. In these
processes, the students used many cognitive skills or inquiry skills as their cognitive
pathways. The cognitive pathways of the students associate with critical thinking
skills as mentioned in great detail in the Methods section. There were several
cognitive pathways intensively carried out by the students over the course of ABI
implementations. The students made comparisons, create analogies, basic
clarifications, advanced clarifications, explanations, judgements, inductive reasoning,
deductive reasoning, or proposed investigation designs. In terms of addressing third
research question, the cognitive pathways of the students were first coded and
counted.

In terms of students’ cognitive pathways, there are three hierarchical complexities as
perception, conception and abstraction. Perception incorporates the simplest
cognitive pathways a student created in the ABI implementations. The perception
pathways consist of observation, measurement and comparison. Conception is a
more developed student pathway including exemplifying, making analogies,
presenting basic and advanced clarifications and building cause/effect relations. In
the top of the student pathways in the ABI implementations, there were abstraction
pathways including building explanations, making judgements, attaining inductive

and deductive reasoning and proposing novel investigation designs.
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Table 35.

Excerpts of the Student-based Cognitive Contributions in terms of

Perception Levels

S ognitive .
=3 Utterance pathways Descriptions
Ok, let’s use a different liquid Observation: The
35 T toseethe difference. We put it, No coding learner stated and
now, but how many milliliters? shared experienced-
36 S3 About fifty-five. Observation based, practical-
37 S6 Fifty! Observation  based or individual-
38 S1 It looks like fifty milliliters? Observation based simple
39 S3 It is over fifty. .. Observation observations,
Over fifty, ok. Are their . personal
40T positions the same? No coding experiences, or data
41 Sl Different. Compare that result from
2 T Why? No coding their observations.
Compare: The
learners provided
reference to
common/different
characteristics/state
. s of two or more
43 S3 Shapes are different. Compare

pieces of data or
objects; comparing
two events,
situations, states,
sayings,
measurements, etc.

(Note: 6™ ABI implementation: Surface Tension, April, 2015, Video transcript)

In addition to cognitive pathways of the students, there were also dispositions of the

students regarding their thinking, talking, arguing and reasoning. Dispositions refer

to students’ thinking habits or overall behaviors or reactions regarding, for instance,

mind-change, avoiding overgeneralization or oversimplifications, etc. In this sense,

three dispositional thinking types were found out during the ABI implementations.

These were supposition,
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dispositions were for integrating the dispositions and other abilities in making and

defending a decision, argument, idea, saying, so forth.

Table 35 displays the cognitive pathways of the students locating in perception level.
Within Line-35, the teacher made a measurement and required the students to
interpret the measurement. It was not a simple measurement since in a capillary glass
the water had made a camber that deviate the measurement of the volume of the
added water. Based on this, the students (Student-3, Student-6 and Student-1) made
observations showed in Line-36, Line-37, Line-38, and Line-39 and within Line-41
and Line-43; Student-1 and Student-3 made comparisons between the top and the
down sides of the water camber. As seen, the cognitive pathways that the students
performed such as observation, measurement and comparison were only needed

perceptual cognitive work for the students.

In Table 36, the cognitive pathways of the students exhibiting conception level is
demonstrated. In conception level particularly basic and advanced clarifications were
pervasively detected. Within Line-7, the teacher posed a question regarding whether
there is light in the room (lab). Student-6 simply responded by inferring the relation
between the seeing something and presence of the light (Line-6). Student-2 then
provided a more complicated depiction of the behaviors of light. By means of
explicating different aspects of light, Student-2 made an advanced clarification
(Line-9). After this response (Line-10), the teacher posed a further question
regarding the propagation of light. Within Line-11, Student-3 responded in a more
complicated way that he redefined the propagation of light by means of beams and
straight lines as he was able to use appropriate criteria (mathematical; line segments)
for redefine the light.
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Table 36. Excerpts of the Student-based Cognitive Contributions in terms of
Conception Levels

Line
Speaker

Utterance Cognitive Descriptions
pathways
Is there light in the room? . Basic clarification:
T No coding The student-led
Yes, there is. We can see each questions that
8 s other, otherwise we couldn’t. Ba.lsic_ Sti.m_ulaFe
clarification clarification
supporting other
The light both reverberating cognitive operations;
and dispersing; and at the same ~ Advanced  pieces of knowledge
9 82 : L o : g
time some of it is being clarification ~ and information that
absorbed. stimulate
Reflecting, dispersing, clarification
10 T  brightening... What this light No coding supporting other

is doing like these? How is it explanations,
scattering? sayings, arguments,
assumptions,
opinions/positions,
ideas, etc.; decoding
significance; simply
clarifying meaning
within discourse
Advanced
clarification: The
students define,
Advanced redefine terms,
clarification  concepts, definitions
by using appropriate
criteria, examples,
instances, samples;
making operational
definitions to clarify
the meaning,
arguments, sayings,
claims, assertions,
etc.
(Note: 7™ ABI implementation: Light & Energy, June, 2015, Video transcript)

It is dispersing in a direct way.
Starting from one point and
11 S3 moving towards the other
point. It doesn’t diverge, like a
single line, like beam.
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Abstraction Levels

Table 37. Excerpts of the Student-based Cognitive Contributions in terms of

Line
Speaker

Utterance

Cognitive
pathways

Descriptions

You mean, you were able to see the
movement. Ok, what would you like
to say about your experiment?

No coding

We asked the question of whether
the potential energy can be
transferred. For instance when the
masses are different one of them
pulls down while the other one pulls
up.

At that time potential pulling energy
Is increasing. Then the other one
pulls it down, and this time its
energy is increasing. We assumed
that something like this is existing;
our claim was that potential energy
cannot be transferred at the reel. Our
experiment approved our thoughts.

We fixed weights of 100 gr to both
of them, and when we released them
like this (as there is space between
them) they stayed like this, there
was no change. We tried by
increasing the weight little by little
(showing the weights in his/her
hand).

I mean we increased their energy,
potential energy. In no way it
showed a difference. We measured
one by one. We concluded that
potential energy cannot be
transferred on reels.

Induction

The student
attained
reasoning
that links
few
examples to
general
premises;
make
material and
generalized
inferences
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Table 37 Cont’d
Did you lose the gravity! Where is

31 T the force of gravity? No coding
Yes. It seems as if there is no
352 S8  gravity force on reels (whole class None
smiles).

The learner
planned new
experiments,

No, in fact there is gravity, but at the by stating
new ways of

same level (s/he means because the
forces or weights are equal) so we
don’t feel it... I mean there is not

investigating
representing,

33 S0 much difference of height between  Investigation scr)(lj\glne ?na
them, may be because of that they design Prob >
S . situation; or
didn’t move... May be it would X
: g stating new
change if we could try for infinitely wavs of
times. If | had the chance to try, | Ys |
. collecting,
would try like that. .
analyzing
and
interpreting
data

(Note: 4™ ABI implementation: Fixed Pullies, February, 2015, Video transcript)

In Table 37, some of the examples of the cognitive pathways attained by the students
in the abstraction level are summarized. For instance, within Line-274, Student-4
summarized the findings that were obtained from their experimental procedures. She
mentioned about their experimental trying and measurements. She and her group
made several trying whether there would be a motion in the fixed pullies while they
hung two same weighted masses (100 grams) to the two sides of the pullies. Then,
they increase or decrease the height of the same weighted masses from the ground.
They made several measurements by lowering or heightening the same weighted
masses. In other words, they increase or decrease the distance of the same weighted
masses from the ground. From several premises, the group concluded that there is no
motion for the masses in the fixed pulley system. Student-4 expressed their
generalization in a different way. Student-4 made a generalization that potential

energy is not transferred in fixed pulley systems.
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For an another example, within Line-352, Student-8 and his group concluded that in
a fixed pulley system, gravitation may be disappeared since when there was a big
height distance between the two same weighted masses, since the study group did not
observe any movement in their fixed pullies. After this response, Student-2 who was
from a different study group came up with a novel idea (Line-353). She advocated
the fact that the gravitational forces have existed, but if she had a distinctive fixed
pulley system that has an infinite-span rope, this might alter the results they had. In
other words, she proposed a novel investigation design to solve her contradiction
since she had still confliction regarding why there was no motion when they hung the

same weighted masses.

Table 38. Excerpts of the Student-based Cognitive Contributions in terms of

Dispositions

o 2
= g Cognitive .
(<5}
4 a Utterance pathways Descriptions
69 T Alright, but did it convince No coding
you?
) Self- .
70 S2 Yes, indeed... . Self-regulation: The
regulation | ined sel
Ok, but why did you _ earner attained se f-
71 T ! . No coding examination; self-
change your mind? correction
Because later | thought that
it desolates when we put Self-
72 S2 : .
salt in water, and regulation

according to my friends...
(Note: 5™ ABI implementation: Solutions, March, 2015, Video transcript)

In terms of dispositions of the students during the ABI implementations, an example
as self-regulation is displayed in Table 38. After a heated debate, Student-2 accepted
that water solves the salt, not the salt solves the water. Within Line-69, the teacher
checked that whether Student-2 was persuaded with other friends regarding the water

solves the salt. He acknowledged the other’s opinions and founded that the idea of
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accepting the water as a solver is more plausible (Line-70). The teacher then asked
for why he altered his idea (Line-71). Student-2 showed a disposition to

acknowledge a more plausible idea instead of engaging in a subjective negotiation

51,8

with their classmates.
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Figure 10. Percentages of the Occurrences of the Student-based Contributions in

terms of Cognitive Pathways

After coding and counting the students’ cognitive pathways occurred during the ABI
implementations, two important findings were came into prominent. First, the
students displayed cognitive pathways indicating perception levels dominantly in
Springs (35%, relatively), Inclined Plane (47%, relatively), Solutions (49%,
relatively) and Surface Tension (45,8%, relatively) implementations compare to
other three implementations (see also Figure 10). In these four ABI implementations,
the students were mostly able to contribute to classroom discourse by means of
presenting their observations or by comparing two measurements, objects, systems,
etc. Secondly, the students displayed cognitive pathways indicating abstraction levels
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dominantly in Simple Machines (28,6%, relatively) and Fixed Pullies (38,1%,
relatively) implementations compare to other five implementations. Put it differently,
in Simple Machines and Fixed Pullies, the students were able to produce abstract
thinking patterns such as achieving inductive and deductive reasoning, or proposing
original investigation designs. The substantial differences across the ABI
implementations in terms of students’ cognitive pathways occurred during the
classroom discourse may be explained by the different quantities and qualities of the

played out teacher discursive roles.

4.5 Fourth Research Question and Related Findings

In all ABI implementations, there were deeper social negotiations of meaning among
the students. The students were invited to respond to their classmates’ ideas and the
teacher’s follow-up questions. In the ABI implementations, when the students
presented their ideas, they naturally engaged in reasoning procedures. For instance,
this was occurred when the students presented their experimental findings to other
study groups to convince them that their results were more sophisticated and
plausible in illuminating the explored research questions. Both in initial social
negotiations and whole group discussions of the ABI implementations, the students
reasoned upon others’ sayings, arguments, results, variables, experimental
procedures. The students’ reasoning was investigated in a hierarchical sense. The
reasoning typologies of the students could be unsupported, data-based, evidence-

based and rule-based.

During the ABI implementations, the students generated different reasoning
typologies. One of them was unsupported reasoning. For an unsupported reasoning,
the students were able to assert a claim for their ideas or positions, but the claim they
provided was not backed up. Examples of the unsupported reasoning can be seen in
Table 39. With a u-tube, the teacher made a demonstration to initiate the discussion.
The teacher asked for how the students can make a measurement if there is a camber

that can be occurred if a u-tube is filled with water. After the teacher’s question
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(Line-53), the students immediately tried to provide a response to the teacher’s
question. Student-6 (Line-54), Student-1 (Line-55) and Student-2 (Line-56) provided
unsupported responses about how anyone considers the upside or down side of the

water camber when they made a volume measurement of that water.

Table 39. Excerpts of the Student-based Contributions in terms of unsupported and

Data-based Reasoning

[«b] (-
: g |
£ 8 Utterance Reasoning Descriptions
i quality
Ok, but assuming that this slope Unsupported:
exists, how can | make a Claim is not
measurement, since | want to . backed up:
¥ T measure the size? Should | take No coding ElementS%f
that? Or this upper limit? reasoning present,
but no processes of
54 S6 Lower limit. Unsupported reasoning.
55 S1 Lower limit. Unsupported
Upper limit. Data-based: Claim
56 S2 Unsupported is backed up by
Alright, what do you think reference to single
57 T about the cause of this position? No coding property,
observation. Data
Pressure. It takes this position applied to a claim:
58 S1 because of air pressure. No coding Partial reasoning
structures rely on
I mean, have you ever thought data or evidence
of this when you put water in a . only. Those
T glass asrqd d?ink it? Na coding structures that
reference only data
That is because of pressure. // It or specific
happens when you hold one phenomena
side of it. If you take your hand (phenomenological
60 S1 from that side of the pipe, it will  Data-based reasoning) as
disappear too (meaning the backing for a claim
slope). rely on single
observations by
students.

(Note: 6™ ABI implementation: Surface Tension, April, 2015, Video transcript)
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Within Line-57, the teacher asked for the reason of the existence of the water camber
to the students. Within Line-58 and Line-60, Student-1 tried to expand her previous
response (Line-55). She illustrated that because of the air pressure, a camber was
created. Since, as she mentioned, when the teacher closed a hole of the u-tube with
her finger, there was an air pressure in the u-tube, then a camber was occurred. In
this case, she attained a data-based reasoning. She accounted for a reason of the
occurrence of the camber, however, the explanation was simplified as her claim was
only backed up through a single property; air pressure. More importantly, she could
not provide a complicated reasoning structure why air pressure may influence the
occurrence of a water chamber (Line-60). In other words, she could not coordinate a
relation between the claim and the observed property (e.g., the teacher put her finger
on the right side of the u-tube). Thus, her response was evaluated as data-based

reasoning.

Table 40. Excerpts of the Student-based Contributions in terms of Evidence-based

and Rule-based Reasoning

1
2 2 |
4 g Utterance Reasoning Descriptions
) quality
Ok, let’s change the Evidence-based:
question like this. I'm Evidence applied to a
lifting the same dumbbell claim, including
without bending my arm analysis of data in the
(collaterally to the form of comparisons
ground, the teacher between properties or
shows the movement); summaries of data:
and 1 lift by bending my . Claim is backed up by
122 T arm just like 1 did before. No coding reference to a
| want you to compare contextualized
the forces here. relationship between

two properties, a
property and a
consequence of that
property, or a specific
finding. Evidences may
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Table 40 Cont’d come from different

When you do that like sources, not only from
this (shows the action) data collection
when you bend your arm, processes.

it will be easier.

123 S10 However, when your arm Rule-based: Claim is

is straight, it will be No coding backed up by a
harder; because your arm generalized
will be in pain because of relationship, principle,
the weight. or law: 1. Deductive
reasoning (top-down),
Why does my arm get in applying a rule to make
124 T pain? No coding aclaim
with respect to a new
Because you are premise;
stretching your arm and 2. Inductive reasoning
the distance is expanding from data to
that way. / We are Rule; 3. Applying a rule
125 S10 implementing more Evidence- with new evidence
force, it causes more based (exemplifying with
pressure than the other analogy); 4. Complete
one; as a result your arm reasoning structure
aches. (whole framework)

I think in this way you
are losing power but
gaining from the
distance. / Because
(bending the arm) we use
less force, but as we see
we move our arm less.
However, when we
stretch our arm we use
more force and move our
126  S7 arm more. This arm Rule-based
always works like this. |
mean, it is the same as
levers. When it is close
to that thing (meaning
the fulcrum), you can’t
lift up your friend. [S/he
is responding to his/her
friend. They agree. S/he
IS answering assuming
that s/he is on a seesaw.]

(Note: 3™ ABI implementation: Simple Machines, January, 2015, Video transcript)
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More sophisticated reasoning typologies were found as evidence-based and rule-
based reasoning (see also Table 40). In an ABI implementation, the teacher posed a
question in a different way and required the students to make a comparison about the
cases she provided (Line-122). Student-10 then provided a data-based response
within Line-123, but, he didn’t complete his response. After the teacher’s further
follow-up questioning (Line-124), Student-10 maintained her reasoning and
accounted for a better explanation why he would have an arm pain due to the holding
position of a mass. When attached these two responses of Student-10, his response
can be evaluated as an evidence-based reasoning. Since, he was able to provide a
warrant why his claim is backed up by reference to a contextualized relationship

between two properties, a property and a consequence of that property.

In the next line, Student-7 extended the scope of the Student-10’s response by
making rule based reasoning. Student-7 associated the working principle of a teeter-
totter with simple machines as levers and some arm motions to carry a heavy mass in
an easy way. When a person twists her arm, she will be carrying a heavy mass easily.
But in the case of extending her arm similar to a straight line, she will be forced to
carry the same mass. Because, she changed the point or position of the backing of
simple machine such as levers. When the backing point of a lever, or arm or teeter-
totter is changed, a person may be forced to put effort into creating a motion or work
in physical terms. In this sense, she induced different units or systems in a single
property. According to her illustration, teeter-totters, levers and people’s arm work
with the same single physical mechanism. As a whole, Student-7’s response was

evaluated as a rule-based reasoning.
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Figure 11. Percentages of the Occurrences of the Student-based Contributions in

terms of Reasoning Typologies across the ABI Implementations

After coding and counting the all instances of the student-led utterances’ reasoning
typologies, there were substantial differences across the ABI implementations.
Figure 11 displays these differences across the video cases. The students were mostly
able to generate unsupported reasoning typologies in Springs (48%, relatively),
Inclined Plane (53%, relatively), Solutions (47%, relatively) and Surface Tension
(52%, relatively) compare to other three implementations. In other words, in these
four ABI implementations, the students put an unsupported claim or assertion in a
more pervasive sense for instance to explicate their positions regarding the topic
under negotiation. Secondly, the students were able to generate evidence-based
(phenomenological) reasoning typologies pervasively in Simple Machines (35,2%,
relatively) implementation compare to other six implementations. In Simple
Machines implementation, the students were able to produce assertions supported by
justifications dominantly compare to other six implementations. Thirdly, the students
were able to generate rule-based reasoning typologies pervasively in Simple

Machines (23,8%, relatively) and Fixed Pullies (18,3%, relatively) compare to other
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five implementations. In these two implementations, the students were able to extend
their ideas to external units or systems by means of making deductive or inductive
reasoning. The substantial differences across the ABI implementations in terms of
reasoning typologies may be explained by the different quantities and qualities of the
played out teacher discursive roles.

4.6 Fifth Research Question and Related Findings

As mentioned in above chapters, this study’s implementations were based on the
intersection of argument and inquiry. While the students composing their research
questions and presenting their experimental results at the end of the data collection
and analysis processes, they were engaged in inquiry-based processes. In addition, in
many verbal discursive interactions, the students exhibited their findings, ideas,
opinions, positons, etc. with their own arguments generated around an inquiry-based
activity. In this sense, the fifth research question was about the relations between the

teacher discursive roles and the students’ responses’ argument structures.

During the ABI implementations, the students generated arguments in order to
defense their positions. In addition, the students composed counter-arguments to
challenge others’ arguments. Moreover, the students composed many structural types
of arguments in response to the teacher’s questions, counter-ideas or challenges.
Students were able to construct four levels of arguments that were from Level-1 to
Level-1V. Similar to other cognitive contributions, argument structures incorporated
a hierarchical complexity from Level-I argument to Level-1V argument. In order to
show the variations in the students’ argument structures occurred during the ABI

implementations, Table 41 is put below.

Level-1 argument consists of a claim or unsupported student-led assertion. In an ABI
implementation as seen in Table 41, the teacher made a demonstration of free-fall
objects in the middle of the classroom (lab). The teacher dropped two same-volume

and differently weighted water bottles from the same height by asking for the
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students to make a guess which bottle would reach the ground first (Line-64). Then,
immediately, the students provided responses about their guesses. Student-7 selected
the heavier one (Line-65). Then, Student-1 intuitively determined the heavier bottle
(Line-67). In an arbitrary sense, Student-3 acclaimed that the lighter one would hit
the ground first (Line-68). Student-8 mentioned about an observation regarding his
guessing in a similar sense by other students (Student-7, Student-1, and Student-3).
Until here, all the utterances provided by the students were evaluated as [Claim (C)]
as a component of an argument. Since, the students only provided unsupported

assertions.

Within Line-72, Student-7 made an attempt to shift the context of the claim.
Previously, the claim was about a free-fall object. Student-7 changed the context of
the claim and maintained with how they could observe the free-fall objects in a
clearer sense. The argument provided by Student-7 can be evaluated as
[Claim+Data], since, he accounted for how two different weighted masses influence
each other when they dropped. The teacher acknowledged the suggestion of Student-
7, and signaled that she would be dropping the water bottles once again (Line-73).
When the water bottles hit the ground, based on their observations, most of the
students selected the lighter one to smash the ground first (Line-74). Finally,
Student-8 mentioned an analogy by referring fat and thin persons in order to make
sense about the free falling water bottles. She explained that fat persons are
gravitonally pulled by the ground more compare to thin persons. Thus, the heavier
water bottle would be hit the ground first. The argument of Student-8 was evaluated
as [Claim+Data]. Since, she provided an observational or experience-based data to
support the claim, but why his analogy shows a relation or coordination between her
claim and data was not provided.
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Table 41. Excerpts of the Student-based Contributions in terms of Level-1 and Level-

Il Argument Structures

s 8
= 35
| o Utterance Argument Descriptions
& structure
Then, | am leaving once more? (Leaves
64 T once more and watches the students No coding
carefully)
65 S7 Heavy one is the one_th.at contains Claim
more water in it.
66 T There are people saying the heavy one. No coding
67 s1 | say the heavy one too. Claim
68 s3 I say the light one. Claim
- - Level-1 Argument:
69 S6 They will fall at the same time. Claim stands for student-led
— — utterances consisting of
Some people say “at the same time”. justa Claim (C). A
70 T Yes, don’t you have z‘a‘nythmg to §ay to No coding claim refers to
the students who say “at the say time”? assertions about what
Xi rval h
When we leave Abant (the heavy one) € S;ngl eahlé?(j that
and Erikli (the light one), Erikli moves '
71 S8 onto Abant and they fall like that Claim Level-1l Argument:
(stating his/her observations) stands for student-I e.d
utterances consisting of
Can you release them one by one; (Claim + Data; CD) or
maybe we can see more clearly this (Claim + Ba,cking
way? They may be affecting each other CB). Data refers tc,>
72 S7 when they are so close to each other Claim+Data stateménts that are used
(opens his/her hands and shows to the as evidence to support
teacher how he should release them.) the claim
Ok, I will leave them separately for the
73 T last time. Observe carefully! No coding
Erikli! The light one! (they say
74 Al altogether) Claim
We can assume this as thin and fat.
Because gravity affects the fat one
75 S8 more (the bottle with more water) and Claim+Data

it falls faster.

(Note: 2" ABI implementation: Inclined Plane, December, 2014, Video transcript)
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Level Il and Level IV arguments of the students were more sophisticated and
complicated compare to [Claim] or [Claim+Data] argument structures as evaluated
Level I and Level Il argument. In Table 42, located above, the teacher posed a
question that whether a baseball bat is an example of the simple machine (Line-36).
Within Line-37, Student-6 acclaimed that a baseball bat can be considered as a
simple machine. The utterance of Student-6 was evaluated as a Claim, since; his did
not consist of any data or justification. Then within Line-38, Student-2 presented a
more complicated argument. He asserted that a baseball bat can be considered as a
simple machine. It was his claim. According to Student-2, a baseball bat makes it
easy to hit a baseball to distance points; it was his data. In addition, according to
Student-2, hitting a base baseball to distance points in the court is plausibly not
possible with a human hand, so, baseball bats have existed. Thus, this reasoning is
the coordination of data and claim. In other words, he was able to attach and make a
relation between his claim and data as a justification or warrant. As a whole, this
utterance of Student-2 was evaluated as [Claim+Data+Warrant] and it was a Level

Il argument.
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Table 42. Excerpts of the Student-based Contributions in terms of Level-Ill and

Level-1V Argument Structures

@ 9
£ —
1 8 Utterance Argument Descriptions
b structure
Alright, is there Level 1l Argument: stands
anybody here who has for student-led utterances
watched baseball . consisting particularly
% T before? The baseball No coding warrant(s) in addition to
bat; can we consider it only data and claim.
as a simple machine? Warrants are statements that
37 S6 | think, yes. Claim explain the relationship of
In MV obinion. ves the data to the claim. Level
With tr¥e t?at we ,c)a/m hit Il Arguments can be in
the ball to the further. | diverse structural formats as
38 S2 t do that with bar Cliam+Data+ Claim+Warrant (CW),
can b Go Huat With bare Warrant Claim+Data+Warrant
hands. And this proves CDW
that it is a simple . ( ) or
machine Claim+Data+Warrant+Back
' ing (CDWB).
M T Do all the machl_nes No coding
make things easier? Level IV A ¢ stand
No, some of them make . eve rgument. stands
45 S7 . Claim for student-led utterances
things harder. consisting rebuttal(s) in
46 T For_ Instance, can you No coding addition to other argument
give an example? .
For example a structures such as claim,
sledaehammer. It is a warrant, backing, data.
47 S3 hea\g/ thin aﬁd we Claim+Data Rebuttals are statements that
have tguse r%’ore ower contradict either the data,
. more pe warrant, backing or qualifier
lift and hit with it.
D think i of an argument. Rebuttals,
0 you thin h_We n}’otj or Level IV Arguments, can
48 T lf(se "*;h”.]ac |hne q a f No coding be in structural forms such
maxes mq;) arder tor as Claim+Data+Rebuttal
Asled hu ' k (CDR),
ﬁ.e g€ amrggfrf_mal .es Claim+Warrant+Rebuttal
t mgstmore i _;cu t; (CWR) or
49 S6 utwe useit. Claim Claim+Data+Warrant+Rebu
ttal (CDWR).
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Table 42 Cont’d
Simple machines or the
other machines, they
are all designed to make Rebuttal:

50 S1 things easier for us; Claim+Data+
otherwise we wouldn’t Warrant
design them. It is
illogical.

You say that you don’t
prefer a thing which
51 T makes your task harder. ~ No coding
Do you agree with
him/her?

We can imagine
something like this. We
can’t cut a bone with a

small knife; we use
something bigger to cut
into pieces (the bone-in

Rebuttal:

50 g3 Mmean. Butforthe o Datar
second situation, we

Warrant

need more power. It
may make things
difficult at the
beginning, however it
enable us to complete
our task.
(Note: 3" ABI implementation: Simple Machines, January, 2015, Video transcript)

There were also examples of Level IV arguments of the students. Within Line-44, the
teacher posed an extra-ordinary question to see the possible alternative responses of
the students. The teacher asked that whether there are machines making the things
easier. Student-7 asserted that there are some machines that make the things harder
(Line-45). Very importantly, the teacher did not reject this response that was totally
wrong and she required for an example of a machine making the things harder (Line-
46). Then, within Line-47, Student-7 provided an example that a sledgehammer may
the things more difficult. Based on his experiences and observations, he has come to
a conclusion that when breaking a wall by using a sledgehammer a person may use
up more energy to handle the sledgehammer, so, it makes the things more difficult.

Within Line-48, once again, the teacher avoided making an evaluation as direct
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rejection, and then posed a further question that whether it is rational to use a
designed machine such as sledgehammer making the things more difficult. Within
Line-49, the student advocated his idea in an insistence sense. Within Line-50,
Student-1 provided a rebuttal. She asserted that it is not rational to design and use a
simple machine making the things more difficult. It was the claim of Student-1. She
also included other machines, not only a sledgehammer, in her argument that all
machines have existed to make the things easier. It was the data of Student-1. In
other words, she rationalized that the existence of all the machines depends upon
their usability in facilitating our works. In other case, it would not be plausible to
design, create and use machines if they would be make the things more complicated.
This was the justification of Student-1. As a whole, the argument of Student-1 was
structured as [Rebuttal: Claim+Data+Warrant; R: CDW]. This argument structure
refers that the counter-argument of a student is presented within a
[Claim+Data+Warrant] structure. In other words, the counter-argument as rebuttal
includes a data-warrant coordination and relation (CDW) instead of “I don’t agree
with you” as it would be evaluated as [Claim] component. When a student uttered a
counter idea in the form of [Claim], it was not evaluated as a rebuttal as [Rebuttal:
Claim, R: C].

In this sense, in the rest of the discourse presented in Table 42, within Line-51 the
teacher asked a further question whether the other class members agree with the
rebuttal of Student-1. Then, Student-3 presented another well-structured [R: CDW]
rebuttal to the claim of Student-7. Within Line-52, Student-3 provided an example
how people use bigger knives to cut bone-in meats. She continued that people should
use bigger knives as these may make the cutting bone-in meats more difficult, since
anyone has to put it more effort to use a bigger knife. It was the data of Student-3.
But for a harder work as cutting bone-in meats, people normally have used bigger
knives requiring more energy; however, it is not possible to cut bone-in meats by
smaller knives by using less energy. It was the justification or warrant of Student-3.
As a whole, the argument of Student-3 was structured as [Rebuttal:

Claim+Data+Warrant; R:CDW].
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Figure 12. The Percentages of the Occurrences of the Student-based Contributions in

terms of Argument Structures across the ABI Implementations

After coding and counting the all occurrences during ABI implementations in terms
of students’ argument structures, three featured findings were found out. First of all,
the students were able to construct arguments consisting only claim component in
Springs (47%, relatively), Inclined Plane (53%, relatively), Solutions (50%,
relatively) and Surface Tension (52%, relatively) implementations in a more
pervasive sense compare to other three implementations (see also Figure 12). In other
words, in these four implementations the students were mostly in tendency in
generating claim like components for advocate their positions. Secondly, the students
were able to construct arguments consisting at the least a justification/warrant for
their claim(s) considerably pervasively in Simple Machines (72%, relatively)
implementation compare to other six implementations. Put it differently, in Simple
Machines implementation, the students were substantially able to support their

claims with justifications. The students were also able to reason about the
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coordination and relation between the data and claim they provided during Simple

Machine implementation.

Finally, the students were able to construct arguments consisting at the least a strong
rebuttal for other’s claim(s) considerably pervasively in Fixed Pullies (16%,
relatively) compare to other six implementations. This finding means that during
Fixed Pullies implementation, there were more moments of classroom discourse in
which the students had opportunities to contradict each other or their teacher by
constructing strong rebuttals. The substantial differences across the ABI
implementations in terms of student-led argument structures may be explained by the

different quantities and qualities of the played out teacher discursive roles.

4.7 Findings from Secondary Data Analysis Regarding the Relations between

the Teacher Discursive Roles and the Students’ Cognitions

There were two secondary data sources (i.e., researcher’s field notes and member
check teacher interview) for re-addressing RQ2, RQ3, RQ4 and RQ5 and
triangulating main data source (analyses of video records’ transcripts of the ABI
implementations) and explaining the differences among the ABI implementations in
terms of the relations between the teacher discursive roles and students’ cognitions.
With the analysis of video transcripts, coding and counting procedures were achieved
and presented in detail above.

Until here, findings regarding coding-counting procedures (systematic observation of
the occurrences: teacher discursive roles, student-led cognitive contributions) were
presented and interpreted for the five research questions of the current research.
Particularly for RQ2 (relation between the teacher discursive roles and the student-
led utterances’ semantic complexity), RQ3 (relation between the teacher discursive
roles and the students’ cognitive pathways), RQ4 (relation between the teacher
discursive roles and the students’ reasoning quality) and RQ5 (relation between the

teacher discursive roles and the students’ argument structure), only the changes and
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the fluctuations of the students’ cognitions across the seven ABI implementations
were presented by means of extracted and interpreted episodes. Thus, there was a
lacking point in sufficiently attaching the cognitive contributions of the students to
the played out teacher discursive roles for the sake the current study. For this
purpose, in order to attach the teacher discursive roles to the students’ cognitive
contributions, a more in-depth re-analysis of the video cases had to be attained by
means of Episode Analysis in addition to coding-counting processes as explicated in
a detail sense in Methods section. Before presenting the outcomes obtained from

episode analysis, some points should be clarified.

Table 43. Selection of Teacher Discursive Roles for Episode Analysis

Implementations* HoC-1 = HoC-2 HoC-3 H(iC- HoC-5 = HoC-6 HoC-7 HoC-8
Springs 18 2,3 46 11 9,3 7,3 5,8 0
Inclined Plane 15 0,7 41 16 11 11 47 1
Simple Machines 4,3 1,2 49 15 23 3,7 4,3 0
Fixed Pullies 2,6 0,5 47 19 22 1,5 7,7 0
Solutions 4,9 1,3 47 19 15 6,3 6 1
Surface Tension 4,9 1,5 47 16 21 19 7,1 0
Light & Energy 9 51 40 9 25 2,8 9 0

*HoC: Higher order Category; HoC-1: Gives information & evaluates; HoC-2: Pools & Summaries;
HoC-3: Clarifies & Probes; Hoc-4: Focuses & Monitors; HoC-5: Throws & Asks for evaluation;
HoC-6: Models; HoC-7: Challenges; HoC-8: Provides maintenance

First of all, as declared, the teacher discursive roles were gathered around or
consolidated within mainly three prominent roles (Table 43; HoC-3, HoC-4 and
HoC-5). These were (i) teacher clarifies, elaborates and probes the ideas, (ii) teacher
focuses learners on focal aspects of and (iii) encourages monitoring to classroom
discursive events and teacher conducts reflective discourse. In most of the ABI
implementations (at the least six implementations), these three discursive roles were
played out by the teacher overly about 10% among other roles (see Table 43). Except
a teacher discursive role (teacher gives information & evaluates the ideas), all other
remaining roles in addition to three consolidated roles were detected below 10% as a

study-based criterion to select a teacher discursive role for episode analysis (Table
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43). Thus, the episode analysis was for the only four prominent (HoC-1; HoC-3;

HoC-4; HoC-5) teacher discursive roles in relation to the students’ cognitions.

Secondly, as a rational, if there were three consolidated teacher discursive roles and
if there were substantial differences among the students’ cognitions (semantic
complexities, cognitive pathways, reasoning qualities and argument structures), there
might be (had to be) qualitative and quantitative nuances among the prominent roles
across the ABI implementations. In other words, the quantitative nuances (more or
less occurrences of the each prominent teacher discursive roles) and the qualitative
nuances (different instructional/discursive usage(s) purposes of the same prominent
teacher discursive role) might be (had to be) in action in altering the relations

between the teacher discursive roles and the students’ cognitions.

Defining quantitative nuances: First indicator was determined as the quantitative
nuances among the prominent discursive roles. As mentioned, in most of the ABI
implementations, three stated discursive roles were detected about 10% among the
revealed roles. In this sense, a prominent role was also detected both over 10% level
and different quantitative levels across the ABI implementations. For instance, the
teacher conducted reflective discourse during both Simple Machines (23%,
relatively) and Solutions (15%, relatively) implementations over the 10% occurrence
criterion. However, in these two implementations, the frequencies of that played out
discursive role were also different from each other in terms of quantitative sense
(23% vs. 15%; respectively). Therefore, the quantitative nuances among the
prominent discursive roles across the seven ABI cases might be important in terms of
increasing or decreasing the students’ cognitive contributions to the classroom
discourse. However, for some implementations, there were also considerable
quantitative differences in terms of the occurrences of the some teacher discursive
roles even though these discursive roles were detected in only one or maximum two
ABI implementations. For instance, in Inclined Plane (15%, relatively) and Springs
(18%, relatively) implementations, a specific teacher discursive role as teacher gives

information and evaluates the ideas were considerably played out by the teacher even
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though it was not selected as a consolidated teacher discursive role. However, this
might attach importance in terms of illuminating detected differences regarding
students’ cognitions across the ABI implementations. As a result, in addition to
prominent teacher discursive roles, the role as teacher gives information and

evaluates the ideas was also subjected to episode analysis.

Defining qualitative nuances: In addition to possible quantitative nuances
mentioned above, there might be also qualitative nuances among the consolidated
discursive roles or non-consolidated teacher discursive roles influencing the students’
cognitions in a substantial sense across the ABI implementations. Considering only
quantitative nuances of the teacher discursive roles might not be sufficient to
illuminate the differences regarding the students’ cognition. The teacher might play
out a specific discursive role by close frequencies between two ABI
implementations. In addition, there might be considerable detected differences
regarding the students’ cognition in two ABI implementations. When this is the case,
it would be more plausible and illustrative to look at the qualitative nuances
regarding the specific teacher discursive role even though this role was labelled with
the same code for the two ABI implementations.

The qualitative differences among the discursive roles were detected by means of
constantly comparing the same discursive role across the ABI implementations. The
same discursive role could be played out with a distinctive instructional/discursive
purpose between the two or more ABI implementations due to, for instance,
contextual differences of the each implementation. The different usage/discursive
purpose(s) of the same discursive role(s) between the ABI implementations could
only be knowable and detectable by comparing, contrasting and discerning the
played out roles recurrently. As a whole, both quantitative and qualitative nuances
could be commonly influential in shifting the relation between the teacher discursive

roles and students’ cognitions across the ABI implementations.
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To sum up, coding and counting procedures provided quantitative nuances across the
ABI implementations in terms of the relation between the teacher discursive roles
and the students’ cognitions. Qualitative nuances might be only revealed by means of
episode extraction and more in-depth qualitative episode analysis. In this sense, a
further episode analysis was conducted. Moreover, in the presence of quantitative
and qualitative nuances across the ABI cases, the findings that were obtained from
the researcher’s field notes and member check teacher interview were also
considered in order to reinforce the argument regarding why there were differences
among the ABI cases in terms of the relations between the teacher discursive roles

and the students’ cognitions.

4.7.1 Data-based Classification of the ABI Implementations regarding Students’

Cognitions for Episode Analysis

Before making an in-depth qualitative analysis of the extracted episodes (lines of
conversations between the teacher and the students) as in the form of teacher
discursive roles, a classification had to be attained in order to compare the ABI
implementations with regards to the relations between the teacher discursive roles
and students’ cognitions. This was needed in order to select and group the ABI cases
to compare them in terms of the relations between the teacher discursive roles and

students’ cognitions.

To do this, based on the research findings a classification of the ABI
implementations regarding students’ cognitions were carried out. In Table 44, there
are items as in the forms of indicators to classify an ABI implementation in terms of
students’ cognitions. The data-based items were grouped and two groups were
identified. The groups were labelled as the negative occurrences (left side of Table
44) and the positive occurrences (right side of Table 44) in terms of students’
cognitions. The negative occurrences could be, for instance, higher frequency of
follow-up evaluation moves, lower frequencies of student-led responses, higher

frequency of the students’ low levels of the semantic complexities.
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The positive occurrences could be, for instance, higher frequency of the students’
evidence-based reasoning or higher frequency of the students-led arguments
consisting strong rebuttal component. Seven ABI implementations were classified
based on the frequencies of the occurrences of student-led responses in terms of the
students’ utterances semantic complexities (RQ2); the students’ cognitive pathways
(RQ3); the reasoning typologies/qualities of the students (RQ4) and argument
structures/qualities of the students (RQ5).

As seen in Table 44, all the negative occurrences and the positive occurrences
regarding students’ cognitions were associated with a research question of this study.
For instance, the RQ2 of this study was that which types of teacher discursive roles
were played out by the teacher allowing enlarged quantitative cognitive contributions
of the students over the course of the ABI implementations? For RQ2, in a data-
based manner, four situations were observed and reflected into the Table 44.

These were (i)higher frequency of follow-up evaluation moves, (ii)higher frequency
of follow-up explanation moves, (iii)lower frequencies of student-led responses, and
(iv)higher frequency of the students’ low level semantic complexities. These data-
based indicators were all about the RQ2. As a rational, in a video case (ABI
implementation), if these occurrences had been higher and more pervasive, this
would mean that the students’ utterances’ semantic complexities could be lower.
This interpretation was also valid for other research questions (RQ3, RQ4 and RQ5).
Based on the classification summarized in Table 44, seven ABI implementations
were group into three levels regarding students’ cognitions. Based on this
classification of the seven ABI implementations, a hierarchical Threshold Model was
composed and can be seen as Figure 13. When Figure 13 considered, most of the
negative occurrences regarding the students’ cognitions were seen particularly for
Springs (1" ABI implementation), Inclined Plane (2" ABI implementation),
Solutions (5™ ABI implementation) and Surface Tension (6™ ABI implementation)

implementations.
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Table 44. The Comparative Representations of the ABI Implementations Regarding

Student-led Cognitive Contributions

The negative Featured % The positive Featured video %
occurrences video case(s) occurrences case(s)
Higher frequency = Springs 13 Higher frequency of | Simple 48,6
of follow-up the students’ high Machines
evaluation moves  Inclined Plane 13 level cognitive Fixed Pullies 26,14
[RQ 2] contributions to the
discourse [RQ 2]
Higher frequency ' Inclined Plane 9,3 Higher frequency of Fixed Pullies 38,1
of fO"OV\!—Up Springs 10 the student's" high Simple 28,6
explanation level cognitive Machines
moves [RQ 2] pathways during the
discourse [RQ 3]
Lower Springs 43 Higher frequency of | Simple 35,2
frequencies of Inclined Plane 43 the students’ Machines
student-led evidence-based
responses [RQ 2] reasoning [RQ 4]
Higher frequency ' Inclined Plane 16 Higher frequency of | Simple 23,8
of the students’ the students’ rule- Machines
low level Solutions 16 based reasoning Fixed Pullies 18,3
cognitive [RQ 4]
contributions to Fixed Pullies 22,8
the discourse
[RQ 2]
Higher frequency = Springs 35 Higher frequency of | Simple 72
of the students’ Surface 45,8 the student-led Machines
low level Tension arguments consisting
cognitive Inclined Plane 47 justification or
pathways during Solutions 49 warrant component
the discourse for the claim [RQ 5]
[RQ 3]
Higher frequency | Solutions 47 Higher frequency of Fixed Pullies 16
of the students’ Springs 48 the students-led
unsupported Surface 52 arguments consisting
reasoning Tension strong rebuttal
[RQ 4] component [RQ 5]
Inclined Plane 53
Higher frequency | Springs 47
of the students-led | Solutions 50
arguments Surface 52
consisting only Tension
claim component  “Inclined Plane ~ 53

[RQS]
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Moreover, most of the positive occurrences regarding the students’ cognitions were
seen particularly for Fixed Pullies (3 ABI implementation) and Simple Machines
(4™ AB implementation) implementations. The ABI implementation group consisting
Springs, Inclined Plane, Solutions and Surface Tension activities were the instances
in which the students’ cognitions were considerably lowered presumably in relation
to the played out teacher discursive roles. This group was therefore labeled as low-

achieving ABI implementations.

FIXED PULLIES
SIMPLE MACHINES

LIGHT & ENERGY

SPRINGS
INCLINED PLANE
SOLUTIONS -

SURFACE TENSION

Figure 13. Representation of the Revealed Threshold Model

The other group including Fixed Pullies and Simple Machines implementations in
which the students were considerably able to attain higher order intellectual
contributions that was considered as high-achieving ABI implementations. Light and
Energy implementation was considered as intermediate-achieving ABI
implementation, since; during this implementation, the students were able to make
higher intellectual contributions to the classroom discourse compare to low-
achieving ABI implementations. However, in high-achieving ABI implementations,
the students were able to make more intellectual contributions to the classroom
discourse compare to Light and Energy implementation. This classification was used

to ensure that whether the qualitative nuances and/or the quantitative nuances among
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the selected teacher discursive roles were responsible for the differences regarding

the students’ cognitions across the ABI implementations.

Step 1: |dentifying gquantitative nuances of the selected teacher

discursive role across the seven ABI cases

~>

[ Step 2: Identifying qualitative nuances of the selected teacher }
™

discursive role across the seven ABI cases

~>

Step 3: Making a check and control through Threshold Model if
there are quantitative and/or qualitative differences of the

/

selected teacher discursive role across the seven ABI cases

& /
~~
~ ™

Step 4: Decision-making

— /

Figure 14. Decisions about the Quantitative and the Quantitative Nuances of the

Teacher Discursive Roles Affecting the Students’ Cognitions

In this sense, for four teacher discursive roles stated above, episode analyses were
conducted. In order to do this, first, a decision chart was constructed. The decision
chart can be seen in Figure 14. As seen, there were four interrelated steps for episode
analysis for selected four teacher discursive roles. For instance, for a selected teacher
discursive role, teacher clarifies, elaborates and probes the ideas, first, a quantitative
comparison was actualized across the seven ABI cases and differences were recorded
if there were. Then, qualitative nuances were detected for that role.

To attain this, first; all occurrences of that role as teacher clarifies, elaborates and

probes the ideas were extracted from seven video cases. Then, they were compared,
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discerned and contrasted with each other, from a video case to other recurrently, to
reveal or capture whether there were differences or communalities among the
extracted teacher discursive role in terms of its instructional/discursive usage
purposes. In other words, what-aspects (e.g., which teacher discursive role was
played out) and how-aspects (e.g., what was the intention of the teacher in playing
out that teacher discursive role on any moment of classroom discourse; or was there
an intentional difference between the same teacher discursive role from one
implementation to others) of that teacher discursive role was compared and
contrasted and discerned. In the third step, Threshold Model was considered as a
control mechanism to make a decision whether the quantitative nuances or the
qualitative nuances were responsible to make an ABI implementation was lower-
achieving implementation or higher-achieving implementation particularly in terms
of the students’ cognitions in relation to teacher discursive roles. Thus, by means of
that type of re-analysis, it was presumable and possible to attach and associate the
students’ cognitions to the influences of the teacher discursive roles by a comparative
sense. To sum, all episode analysis presented below were actualized by taking the
decision chart into account in order to make a bridge between the played out the
teacher discursive roles and the occurred student-led cognitive contributions to the

classroom discourse.

4.8 Episode Analysis for Teacher Gives Information and Evaluates the Ideas

Step 1: Figure 15 shows how the discursive role as teacher gives information and
evaluate the ideas were quantitatively changed across the ABI implementations. This
role was only occurred over the 10% among other roles in Springs and Inclined Plane
implementations compare to other ABI implementations. It can be asserted that there
were substantial differences in terms of the occurrences of this discursive role across
the ABI cases. These quantitative changes (increases) for two stated ABI
implementations might negatively influence the occurrences of the students’

cognitive contributions to the classroom discourse.
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Figure 15. Quantitative Shifts for the Occurrences of Teacher Gives Information and

Evaluates the Ideas

Step 2: Table 45 shows some extracted lines of teacher talk characterized by the role
as teacher gives information and evaluates the ideas across the ABI implementations.
In all ABI cases, the teacher was appeared to use this role with the same discursive
purpose. To support, as seen in Table 45, as a common aspect, the teacher
acknowledged and evaluated the student-led responses. In a particular sense, for the
Springs implementation, within Line-3, the teacher first welcomed the student-led
response, then directly rehearsed the student-led response, and finally recognized
another student for an alternative response. In conclusion, it seems that there were
not qualitative nuances regarding the discursive usages of this role across the ABI

implementations.

Step 3 & 4: As a whole, a quantitative nuance for that role (teacher gives information
and evaluates the ideas) was appeared to be influential in changing the students’
contributions to the classroom discourse. As Threshold Model displays Inclined
Plane and Springs implementations were the ABI implementations in which the

students were not able to achieve higher and better semantic complexities (RQ2),
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cognitive pathways (RQ3), reasoning qualities (RQ4) and argument structures

(RQ5).

Table 45. Qualitative Comparison of the Uses of Teacher Gives Information and

Evaluates the Ideas

Springs
implementation

Utterance

Teacher roles

Descriptions

Teacher (Line-1)

Let’s start with a
small discussion.
First, what is
flexibility?

Close-ended

The teacher started
with asking a close-

ended question to
the negotiation.

Student-1 (Line-

Flexibility is the

2) ability o_f things to No coding i
get bigger or
smaller.

Teacher (Line-3) The teacher
Getyng bigger, Evaluates accepts/acknowle’dg
getting smaller, (Accepting) es the students

okay. Yes, Firat? pting responses.
Other Teacher Excerpts

implementations
Inclined Plane Height is changing. The height and /or angle of inclined plane
affects this time (Line-196).
Simple Machines Ok, you are right. They are the same thing. Let’s equalize
them (Line-78).
Fixed Pullies The mass changes, ok (Line-205).

Solutions Exactly (Line-586).

Surface Tension
Light & Energy

Ok, molecules hold each other. | accept that (Line-189).
Burned in a shorter time, nice (Line-252).

To interpret, the detected quantitative nuances might create a discursively regressing
classroom context in which the students had less chance to contribute to the
classroom discourse. Since, their utterances were easily evaluated, rejected or
affirmed by their teacher by means of that role. In other words, when a student group

is the legitimators who decide what counts as a rational utterance in classroom
211



discourse, they will determine to contribute to the classroom discourse in more
effective and frequent ways. However, in this study, higher occurrences of the
evaluative and knowledge provider roles of the teacher might not permit the students

to announce their voices during the classroom discourse.

Moreover, in Simple Machines and Fixed Pullies implementations, as seen in Figure
15, the evaluative or knowledge provider discursive roles of the teacher were
considerably less compare to Springs and Inclined Plane implementations. As
Threshold Model demonstrates, the students were able to make better and more
frequent cognitive contributions to the classroom discourse in Simple Machines and
Fixed Pullies implementations compare to other five implementations. As an
inference, considerable increases or decreases of the occurrences of evaluative and
knowledge provider teacher discursive roles are seemed to be negatively influential

in inviting students to contribute to the classroom discourse.

The above stated inferences obtained from episode analysis were also supported by
the other data sources’ analyses (field notes and teacher interview). To present a
case, Springs implementation was considered. In Springs implementation, the teacher
presented a cognitive dilemma to the students whether all substances may have
flexibility. The students negotiated the examples of the flexible substances, then,
went in deeper regarding the features of the springs as the practical flexible
materials. The students were engaged in experimental procedures to calculate, for
instance, spring constant during considering some variables on the behaviors of the

flexible materials.

Furthermore, according to the researcher’s field notes, the teacher provided several
embodied examples and directly presented her reasoning for student-led
comparisons. To the researcher’s field notes, the original examples of the flexible
materials were provided by the teacher. In addition, the students also provided better
examples of the flexible materials in Springs Implementation. But, the teacher did

not pose further questions to probe their ideas.
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To the researcher’s field notes, the teacher collected and consolidated student-led
ideas by means of low-interanimation. The term low-interanimation is barrowed
from Mortimer and Scott (2003). In the context of the initial negotiations of the
Springs case, low-interanimation of ideas means that the teacher permitted the
students to freely mention about their ideas, examples, arguments, sayings, so forth,
but she did not attempt to probe the underlying reasons of the student-led
contributions. In other words, as reflected to the researcher’s notes, the teacher had

no several attempts to engage in in-depth negotiations with the students.

To the researcher’s field notes, about for 15 minutes, the students wanted to provide
many examples of the flexible materials during Springs implementation’s initial
negotiations. After collecting several examples of flexible materials from the
students, the teacher tended to skip the in-depth discussion of the variables. The
teacher listed many of student-led variables by means of low-interanimation. Then,
the teacher preferred to negotiate more or less related student-led variables in a
superficial sense. This particularly might cause low level semantic complexities of
the students to the classroom discourse. As mentioned, RQ2 was addressed through
analyzing their responses’ syntacto-semantic complexities by the SOLO taxonomy,
mentioned in Methods section. In this sense, only gathering piecemeal student-led
responses might bring about uni-structural (only mention one relevant piece of
information) student-led contributions to the classroom discourse during the Springs

case.

“I mean, there was a discussion, but it was not in-depth, or I couldn’t
make it in-depth. Because of this, the pupils were not got at a higher
cognitive level. The pupils responded to me, but, when | posed further
questions, the discussion was not progressed. Perhaps, | could not pose
the right questions to progress the discussion. Indeed, when I look at the
discussion, there were better examples. Up to me, the students were able
to provide those better examples, but we could not discuss how they
would be using those for the proceeded parts of the discussion.”
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The featured points in the researcher’s field notes on the Spring case in terms of low
interanimation of student-led ideas during the initial negotiations were also salient in
the teacher’s reflections. The teacher explicitly mentioned about that there was a
negotiation of meaning. However, it was not in-depth. The teacher attributed to
herself why she was not able to guide the students to engage in in-depth negotiations
of meaning regarding springs and their flexibility. The teacher mentioned that her
students provided relevant responses to her, but, when she posed further questions,
the initial negotiation of meaning was not progressed or deepened. The teacher
interrogated herself to not to pose true contingent questions. In teacher’s viewpoint,
there were good examples of springs and flexibility phenomenon that those were
overly provided by the students. However, as the teacher acknowledged, due to low-
interanimation of the student-led ideas, the students held no idea how they would be
using the negotiated examples of the springs and flexibility issue in the further
phases of the ABI implementation such as structuring their questions or clarifying
the prominent variables to insert them in their research questions. Thus, in terms of
SOLO taxonomy, the students might not make semantic contributions as in the forms
of relational (pick up many related aspects and achieve generalizations of major
points) or extended abstracted (consistently generalize the collected ideas during
negotiation), since; the teacher’s low-interanimation of ideas might not allow the

students to integrate analytical ideas to attain generalized utterances.

There were another cases embedded in the researcher’s field notes and the teacher’s
reflections regarding Springs implementations. In the ABI implementations,
particularly for the whole group discussions, presenting the findings by means of
other types of communication tools (speech genres) can be very important for the
sake of students in gaining a scientific culture in which scientists have used the
speech genres. Types of communication tools were the speech genres in the ABI
implementations such as tally sheets, tables, graphical representations, analogies of

the students, etc.
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To the researcher’s field notes, the teacher made the data-based inferences for the
sake of the students based on their graphical representations. It was subjected to the
researcher’s field notes that the teacher evaluated a group’s idea and made an
inference by extracting a spring constant based on the students’ data. But, the
students did not comprehend why and how the teacher made an inference by taking

their data into account from their graphics to infer about a spring’s constant.

Moreover, to the researcher’s field notes, nobody understood the inference of the
teacher regarding the spring constant. Indeed, the teacher used speech genres and
other modes of presentations in a useful and effective sense. However, the teacher
did this by means of lecturing regarding how the students would consider and apply
the speech genres and other modes of communication tools. The teacher lectured the
general ideas by emphasizing that collapsing big data cumulative into a graphical
representation is important, however, by not displaying a teacher-scientist-model to
demonstrate how the students would be using the collected data to make simplified
or sophisticated inferences by converting the data into the other modes of

communication tools.

“I remember that the pupils found graphical drawings difficult. For
instance, | suppose that we would be able to mention about the spring
constant. In the ABI implementation, | told about revealing the spring
constant by taking the data into consideration. Indeed, when 1 look at the
video, | lectured what the spring constant is. But, the pupils are seemed
to not to comprehend it. Since, I had lectured it directly.”

The points emerged in the researcher’s field notes were also prominent in the
interpretations of the teacher regarding the Springs case. The teacher stated that her
students were compelled in constructing their graphical representations in an
effective sense. The teacher also supposed that she and her students would argue
about the spring constant. However, the teacher made inferences regarding the spring
constant from the students’ graphics. In this sense, the students had no chance to
interpret their graphical representations in terms of collapsing a spring constant. In

this point, the teacher acknowledged that her students could not comprehend how she
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inferred a spring constant from their graphics by reading the data in an effective
sense. The teacher also accepted that she directly presented the spring constant and
made interpretations of the student-led data instead of allowing them to interpret
their own data to attain a spring constant. Thus, this might be negatively influencing
in terms of the students’ lower level reasoning qualities during for instance Springs
case. The teacher was seemed to not to allow the students to evaluate the collected
data to make inferences and generalizations about the springs or springs constant. In
other words, due to this type of teacher discursive role such as evaluating the data to
draw conclusions about springs, the students might keep behind in applying evidence
to their claims. As a result, the more occurrences of the evaluator and knowledge
provider discursive roles of the teacher were negatively reflected to the reasoning

typologies of the students.

4.9 Episode Analysis for Teacher Clarifies, Elaborates and Probes the Ideas

Step-1: For the role as teacher clarifies, elaborates and probes the ideas, the teacher
attained to play out five sub-roles such as requesting for clarification, expanding,
probing and reformulating student-led ideas, embodying a case for the students’
comprehension. Figure 16 exhibits quantitative nuances of that group of the teacher

discursive role across the ABI implementations.

As shown in Figure 16, it can be asserted that, there was no substantial or sharp
differences across the ABI implementations in which this teacher role (teacher
clarifies, elaborates and probes the ideas) was used over 40% among other roles by
the teacher. As a whole, this appears that there might not be quantitative nuances for
this role.

Step 2: The teacher used this role to cover up and clarify the background of the
utterances of the students. To detect the any qualitative nuances for this discursive
role, all utterances of the teacher for playing out that discursive role were compared,

contrasted and discerned recurrently. In Table 46, only request for clarification sub-
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role was used to show a representative qualitative comparison of the discursive usage

of that role across the ABI cases.
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Figure 16. Quantitative Shifts for the Occurrences of Teacher Clarifies, Elaborates
and Probes the Ideas

As seen, in all video cases, the sub-role as request for clarification was played out in
the same pedagogical and discursive purpose by the teacher. For instance, in Simple
Machines implementation, when the teacher (Line-42) did not capture the underlying
meaning of the student-led response (Line-41), she asked for the further clarification
and explanation. This argument was also valid for the other sub-roles occurred within

other ABI implementations.

Step 3 & 4: In conclusion, even though this teacher discursive role was consolidated
across the seven ABI implementations, it might not be an influential discursive role
altering student-led cognitive contributions to the classroom discourse. Since, as a
data-based inference and when Threshold Model is considered, there were no
qualitative and quantitative nuances across the ABI cases in terms of carrying out
this discursive role that could be responsible for the differences among the student-

led contributions to the classroom discourse.

217



Table 46. Qualitative Comparison of the Uses of Teacher Clarifies, Elaborates and

Probes the Ideas

Simple Machines
implementation

Utterance Teacher roles Descriptions

Student-5 (Line-
41)

With a shovel. It is

also one of the
simple machines. It No coding
works like simple

machines, t0o0.

Teacher (Line-42)

Why did you The teacher clarified

consider it as a Requests for the further meaning

simple machine, can  clarification  of what has been just
you explain? said

Student-5 (Line-

Because it makes No coding

43) our task easier.
Other Teacher Excerpts
implementations
Springs Reverts back to the previous state... I can call this object
“flexible”, can’t 1?(this means “Do I understand you
correctly?” ; Line-9)
Inclined Plane I didn’t get; the light one is shorter are longer in terms of
time? (Line-106)
Fixed Pullies You say that gravity potential affects this one more, do
you?(Line-105)
Solutions How? Can you explain a little? (Line-382)

Surface Tension

Did you mean that its curved surface helps the
gathering?(Line-104)

Light & Energy

How do you define it or how do you differentiate them?(Line-
104)

4.10 Episode Analysis for Teacher Focuses Learners on Focal Aspects of and

Encourages Monitoring To Classroom Discursive Events

Step 1: For the role that teacher focuses learners on focal aspects of and encourages

monitoring to classroom discursive events, there were two sub-roles detected in this

study. These were Focus sub-role and Monitor sub-role. In Figure 17, a quantitative

comparison of the mentioned discursive sub-roles across the ABI implementation is

displayed.
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Figure 17. Quantitative Shifts for the Occurrences of Teacher Focuses Learners on

Focal Aspects of and Encourages Monitoring To Classroom Discursive Events

As seen, there were some quantitative nuances for this role across the cases of ABI.
For instance, in Light and Energy implementation, this role was played out by the
teacher about 10% among other roles. In Fixed Pullies (19%, relatively) and
Solutions (19%, relatively) implementations, the teacher performed this role in a
more pervasive sense among other roles compare to remaining five implementations.
As seen in Figure 17, there were quantitative fluctuations across the cases in terms of
playing out this discursive role. However, these fluctuations can be illusive. Since, in
Simple Machines implementation (15%, relatively), this discursive role was less
frequently played out by the teacher compare to Solutions implementation (19%,
relatively). However, in the Threshold Model, Simple Machines implementation was
grouped in the high-achieving ABI implementations in which student-led cognitive
contributions were substantially better and higher and Solutions was classified into
low-achieving ABI implementations in which student-led cognitive contributions
were considerably lower and simple. In this context, it seems to check whether there

were qualitative nuances for this role across the ABI implementations.
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Table 47. Qualitative Comparison of the Uses of Teacher Focuses Learners on Focal

Aspects of and Encourages Monitoring To Classroom Discursive Events

Fixed Pullies
implementation

Utterance Teacher roles Descriptions

Student-4 (Line-60)

May | comment on

Mabhir’s words? No coding
Teacher (Line-61)  Yes, what Mahir says
is this: Mahir, can you The teacher prompted
repeat what you said FOCUSES articulation of a focal
to your friends? issue by the students’
(Turning towards the (Mahir’s) sayings
whole class)
Student-9 (Line-62) | think the one below
falls, because there is No coding
more force of gravity.
Teacher (Line-63) . The teacher prompted
This one resumes
. . the student for
falling, but you just . L
L X Monitors monitoring what was
said its potential was h ing in th
little appening in the
' discourse
Student-4 (Line-64) But, this time that one
is below and that one No coding

is above.

Other
implementations

Teacher Excerpts

Springs

According to the thickness... I mean, your friend says number of
turn is important but for example if a very thin spring is being
wound, it changes some kind of things or if it is a little thick spring
it also causes some changes. (Line-161)

Inclined Plane

Have you heard? S/he said they had different potential energies.
(Line-9)

Simple Machines

Look, your friend called this “fulcrum” (shows the elbow); and this
part s/he called (the distance between elbow and wrist) as level arm.
(Line-94).

Solutions

Himm, your friend means that it changes the visibility; have you
noticed? (Line-92)

Surface Tension

Ismail said “It goes down when it gets bigger; however, he also said
“... it doesn’t go down when it is small”? (Line-255)

Light & Energy

A few minutes ago Giiney said “We light a bulb and it starts giving
light, and also heat”. “Giilsah says that first the filament inside the
bulb starts getting hot, and as it gets hotter resistance occurs.”(Line-
61).
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Step 2 & 3: In Table 47, examples of the teacher role as teacher focuses learners on
focal aspects of and encourages monitoring to classroom discursive events were
investigated in terms of qualitative nuances. Particularly for the Fixed Pullies
implementation, the teacher was seemed to play out this role in order to focuses the
students’ attention (Line-61) and frame their mind regarding what was happening in
the discourse (Line-63). In all ABI cases, extracted in Table 47 above, the teacher
announced a student-led response or important utterance to gather attention and
remind the students the point that where the discourse is now and where it will be

progressing.

Step 4: As a conclusion, there was no qualitative differences or nuances for the
pedagogical and discursive usage purposes of this role across the ABI
implementations. As an inference, this role as teacher focuses learners on focal
aspects of and encourages monitoring to classroom discursive events was appeared to

not to alter the student-led cognitive contributions to the classroom discourse.

4.11 Episode Analysis for Teacher Conducts Reflective Discourse

The last explored teacher discursive role through episode analysis was teacher
conducts reflective discourse. This discursive role consisted of two sub-roles
detected during the analysis of the teacher discursive roles. These were Throws sub-
role and Asks for Evaluation sub-role. The teacher attained to prompt students for
responding others’ ideas, opinions, counter arguments, alternative arguments or
sayings by Throws sub-role. In addition, the teacher threw the responsibility for
thinking back to the student and other members of the class through Throws sub-role.
The teacher achieved to engage students in comparing, evaluating, judging or
assessing methods, examples, instances, demonstrations, arguments and opinions
defined by teacher and/or students by means of Asks for Evaluation sub-role. In
addition, the teacher was also able to guide the students to evaluate ideas, arguments
or opinions already mentioned in the conversation for themselves and others through

Asks for Evaluation sub-role.
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There were both detected quantitative and qualitative nuances for reflective discourse
roles of the teacher across the ABI implementations. In other words, the quantitative
and the qualitative nuances of that discursive role across the ABI implementations
could be responsible for the better or lower student-led contributions to the
classroom discourse. For this reason and for a comprehensible understanding, the
characterizing sub-roles of the teacher conducts reflective discourse role were

investigated individually.

Table 48. Comparative Representation of the Occurrences of Throws and Asks for
Evaluation Role

Implementations F* hrows (%) Fasks fo(z/e;/aluation [y
Springs 3(12,5) 21(87,5) 9,3
Inclined Plane 3(27,3) 13(72,7) 11
Simple Machines 8(21) 30 (79) 23
Fixed Pullies 6(14,3) 36(85,7) 22
Solutions 8(14) 49(86) 15
Surface Tension 4(7) 52(93) 21
Light & Energy 1(2,4) 43(97,6) 25

*F shows frequency of the occurrences of the utterances between the teacher and the students

**\Within all occurred roles
e 85,7 86 93
M Asks for evaluation
21 14,3 14 7
T T T T T

o o o A B Throws
& & S > ©
S F L E
b“5\~ & Qg?‘o \(9‘2‘
AT

Figure 18. Comparative Percentages of the Occurrences of Throws and Asks for

Evaluation Roles
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In an overall sense, as seen in Table 48, the teacher was in a tendency to play out
Asks for Evaluation sub-role overly compare other sub-role as Throws. In addition
Figure 18 displays to what extent Asks for Evaluation sub-role was intensively
performed by the teacher compare to Throws sub-role. When Table 48 and Figure 18
are considered together, more than 72% of the reflective discursive utterances of the
teacher were performed by the Asks for Evaluation sub-role. As an inference, the
teacher was in a tendency in achieving reflective discourse role mostly by means of

performing Asks for Evaluation sub-role.

30
25 23 21
H /‘2'5_
20
10 | gt 15 —e— CONDUCTS

51 93 REFLECTIVE
0 T T T T T T 1 D | SCO U RS E
5 & 5 5 5 A
S I G G VO S
& Q™ & N S N S
S S \a R ¥ A\ NG
N S S S & <
o N Q % v X
4% S S A
o ©

Figure 19. Quantitative Shifts for the Occurrences of Teacher Conducts Reflective

Discourse

Step-1: Figure 19 displays the comparative occurrences of the reflective discourse
roles across the ABI implementations. Some quantitative nuances were detected in
terms of reflective discourse roles. When Figure 19 considered, in Springs and
Inclined Plane implementations, the teacher were able perform the reflective
discourse around 10% among other discursive roles. These two ABI implementations
were also defined as low-achieving ABI implementations (see also Threshold
Model). To support the effects of quantitative nuances of the reflective discursive
roles on the students’ cognitive contributions, another two ABI cases can be
considered. For Simple Machines and Fixed Pullies implementations, the

occurrences of the reflective discourse roles were detected over 20% among other
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discursive roles. These two ABI cases were defined as high-achieving ABI
implementations where the students were able to accomplish to make more
quantitative contributions to the classroom discourse within higher qualities (see also
Threshold Model).

However, there were some deviations in terms of quantitative nuances of conducting
reflective discourse roles across the ABI implementations. As clear in Figure 19, for
Surface Tension implementation, the teacher attained playing out reflective discourse
roles over 20% among other roles detected in this implementation. As a note, Surface
Tension implementation was located in low-achieving ABI implementation zone
within Threshold Model. The quantitative nuances were therefore seemed to be
explanatory to a certain extent, but not to be illuminative for all high-achieving and
low-achieving ABI implementations. In this sense, it was needed to make qualitative
comparisons how the teacher played out the reflective discourse sub-roles during the
ABI implementations. First, a qualitative comparison was made for Throws sub-role

and usages of this sub-role are displayed in Table 49 below.

Step 2a: In Table 49, it is clear that the teacher carried out the Throws sub-role with
similar pedagogical or discursive purposes during the ABI implementations. For
instance, in Solutions implementation, the teacher announced herself as ignorance
about the topic under discussion and she encouraged (Line-186) Student-8 (Line-
185) for undertaking the responsibility of responding to the prior utterance of her.
The teacher’s so-called ignorance about the topic under discussion in order to charge
the other students to illuminate the teacher and others were also detected in Simple
Machines, Surface Tension and Light and Energy implementations. In Inclined Plane
implementation, the teacher indicated another student’s disagreement to Kemal and
he was promoted by the teacher for responding and defensing his claim. In addition,
in Fixed Pullies implementation, a student mentioned about something in contrast to
Orhan’s prior argument. The teacher grasped this contrast within two students’
positions and tried to clash these two alternative positions. For a particular purpose,

the teacher delivered the responsibility of responding to alternative position to Orhan
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by not favoring Orhan’s or other student’s position in a neutral manner. As a whole,

the teacher conducted Throws sub-role in the same discursive sense implying there

were no qualitative nuances for that sub-role across the ABI implementations.

Table 49. Qualitative Comparison of the Uses of Teacher Throws the Responsibility

of Learning Back to the Students

Solutions
implementation

Utterance Teacher roles Descriptions

Student-8 (Line-

Oil stays like this

185) (... makes a circle
with her/his hand). No codin
Round, stays like g
this different from
the water.
—— SN ;
Teacher (Line Doesn’t it? [I d_ont The teacher thrown
186) know] There is a -
. A the responsibility for
difference in its -
- Throws thinking back to the
position? What do
ou think. let’s student and other
M » (©F members of the class
comment on this?
Other Teacher Excerpts
implementations
Springs I don’t know? Seher, what would you like to say about your
friend’s claim? (Line-345)
Inclined Plane Look, s/he doesn’t approve your claim... Yes, Kemal, what

do you think? (Line-219)

Simple Machines

How can | know, yes kids what do you say? What is your
idea? Using that nutcracker caused what? (Line-16)

Fixed Pullies

But you say it would show a change? Orhan, would you like
to give an answer to that? (Line-99)

Surface Tension

I wonder if it had an effect. I don’t know, what do you think?
(Line-495)

Light & Energy

Or, they are not the source of each other, I don’t know, you
say it. Is there a relation between them, or not? | mean, is it
possible to make a bulb which gives light without heat?(Line-
81)

Step 2b: For Asks for Evaluation sub-role, there was another interpretation regarding
the qualitative nuances across the ABI implementations. For an in-depth analysis, all

individual occurrences of this sub-role (Asks for Evaluation) were both extracted and
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evaluated whether there were specific and purposeful discursive usages by the

teacher across the ABI implementations.

When explored in a detail sense, three distinctive discursive usages of the Asks for
Evaluation sub-role were detected. These are displayed in Table 50. Three distinctive
discursive usages formations of this sub-role were (i) prompt the students for
evaluating or judging a student’s previous utterance, (ii) prompt the students for
evaluating a teacher-led utterance and (iii) prompts the students for making a simple
comparison between two or more examples, instances, methods, sayings, arguments

by not judging them.

The first discursive purpose of this sub-role was directly to guide the students to
make an evaluation or judgement of other’s utterances during classroom discourse.
In this sense, the teacher followed a neutral stance and requested the students for
making judgements on the others’ utterances. The students were free to evaluate,
judge and in turn legitimate an idea generated by their classmates. In this context, the
discourses in the ABI implementations were taken place among the students while
the teacher permitted more chances to students to evaluate and judge others.

The teacher explicitly asked specific questions that “Do you agree with your
classmate?” in addition to “What is your evaluation?” and “Let’s make an evaluation
of X’s idea?” In Table 50, an example of that purpose of the Ask for Evaluation role
can be seen. Within Episode C, Student 11 provided a response regarding chemical
and physical changes of matters (Line-444). There was a faulty reasoning in the
response of the Student 11. However, the teacher directed this faulty reasoning to the
class members’ judgments and evaluations instead of just correcting that student-led
statement by explaining the scientific truth about the differences between chemical
and physical changes of matters (Line-445). Then, Student 2 made an extended
explanation why the previously provided response was not plausible by delivering an
original example from a TV program (Line-446).
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For the second purpose of the Asks for Evaluation sub-role, the teacher explicitly
tried to promote the students to evaluate her own arguments, ideas, examples, etc. In
this sense, evaluators and judgers were once again the students but the being
evaluated and being judged processes were for the teacher’s utterances. For instance
in Episode B (Table 50), the teacher embodied a case for the students and invited
them to evaluate the case (Line-272) after the response of Student 6 (Line-271). In
addition, for this distinctive discursive purpose of the sub-role, the teacher proposed
her own idea for students’ evaluation (Line-272). In other words, the teacher
positioned and was not in a neutral sense. Since, the teacher expressed her own
examples for students’ evaluation instead of directing a student’s response to others

for a student-led evaluation and judgement.

Table 50. A Comparative Episode Analysis of the Distinctive Instructional Usages

of Ask For Evaluation Role

2
S o . .
— g Utterance Teacher Discursive Purpose
) roles
EPISODE A

When | wash the dishes by Embodies
dish washer...s When | open

354 T the door of dish
washer ?
355 S7 It is hot! No coding
If it is, how the machine Probes
356 T washes the dishes?
357 ST With the hot water! No coding

Prompts the
students for making
a simple comparison
Asks for between two or
evaluation more examples,
instances, methods,
sayings, arguments
by not judging them

If we wash our dishes with
358 T the hotter water, is it easier
to clean oily dishes?
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Table 50 Cont’d
359 S7 Yes! No coding
Sir, if it is, we can put hot No coding
360 S3  water into tube to solve the
oil?
Monitors // Prompts the
point you mentioned! Will it ———— bet?/veen tvx?o or
361 T  change or not? (Will it solve
. \ more examples,
the oil or not if | add hot .
instances, methods,
water?) .
sayings, arguments
by not judging them
EPISODE B
Just now you made salt-
water, it was like positive- .
271 S6 negative; they pulled each No coding
other.
Ok, let me tell you this: let’s
_ look at oil-water and Prompt the students
vinegar-water solutions. At :
o Asks for for evaluating a
272 T these two examples it will evaluation teacher-led
stay between two —_ TLtterance
substances. What do you _—
think so?
| don’t think so; it may stay .
213 52 between a little. No coding
EPISODE C

Salt, when it is solid...
When it is put into water it

444  Sl1 changes between liquid to No coding
gas. That’s why this is a
chemical event.
: Prompt the students
Do you agree with your for evaluating or
friend? What do you think Asks for .o g ,
445 T . R —_— judging a student’s
regarding your classmate’s evaluation -
: previous utterance
idea?
No, | completely disagree. |
watch “Survivor”. There,
they go into water and then
No coding

446  S2 they get dry; but salt
remains. | mean, physical
change occurs; but salt
remains.

ote: mp ementation: So UtIOI’]S, arcn, , VIdeo transcrlpt
Note: 5™ ABI impl ion: Solutions, March, 2015, Vid i
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For the third purpose of Asks for Evaluation sub-role, the teacher invited the students
to make simple comparisons of the two or more cases that might be presented by a
student or by the teacher. This was the third discursive purpose of Asks for
Evaluation sub-role, but in a distinctive sense to above-mentioned two discursive
purposes of the sub-role. For instance, in Episode A, the purpose of the sub-role
consisted of an evaluation of student-led or teacher-led ideas, examples, instances,
arguments, and so forth. However, these might be considered as the comparative or
contrastive evaluations of the occurred utterances (Line-358, Line-s361). To
illustrate, within lines 358 and 361, the teacher proposed the students to select and
determine one idea among others. In order to make a selection and decision among
several instances can be accepted an evaluation for the sake of the student-led
cognitive contributions (Student-7, Line-355, Line-357, and Line-359). However, the
Student-7 did not undertake the responbility of responding to other students’ or the
teacher’s ideas when she simply determined and selected from available ideas by just
making a simple comparison that was pitched at recall level (Line-367: “with the hot

water”) or lower order semantic complexity (Line-359: “Yes!”).

For a detailed demonstration, Table 51 composed and is located above. Table 51
includes a full comparison of the occurrences of the Asks for Evaluation sub-role
between Simple Machines (a high-achieving ABI implementation) and Inclined
Plane implementation (a low-achieving ABI implementation). Table 51 displays the
qualitative nuances between the two stated implementations regarding the distinctive
discursive usages purposes of the Ask for Evaluation sub-role. As an important note,
that type of constant comparative analysis was attained for all ABI cases in order to
detect and reveal qualitative differences between the distinctive instructional or
discursive purposes of the Asks for Evaluation sub-role pertaining making a re-
evaluation of the differences among the ABI cases regarding the relations between

the teacher discursive roles and students’ cognitions.
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Step 3 & 4: Based on the above-stated rationality regarding distinctive discursive
usages of the Asks for Evaluation sub-role and for a comparative analysis across the
ABI implementations, Table 52 and Figure 20 were composed. Three distinctive
discursive/instructional usages were labelled as Student-Student (prompt the students
for evaluating or judging a student’s previous utterance), Teacher-Student (prompt
the students for evaluating a teacher-led utterance) and Comparison (prompts the

students for making a simple comparison).
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Firstly, in terms of Comparison, except Simple Machines (20%, relatively) and Fixed
Pullies (19,5%, relatively), other five ABI implementations consisted of Comparison
at the least about 30% level (Springs: 33,3%, relatively; Inclined Plane: 61,5%,
relatively; Solutions: 49%, relatively; Surface Tension, 39,5%, relatively; Light &
Energy, 30,3%, relatively). Particularly in Inclined Plane (61,5%, relatively) and
Solutions (49%, relatively) implementations, the occurrences of the Comparison

purpose were considerably dominant among all Asks for Evaluation sub-role.

Table 52. Different Uses of Asks for Evaluation Role across the ABI

Implementations

Implementations Fosudent: oy, Freacher-  op  Foomma o opas
Student Student rison

Springs 6 28,5 8 38,1 7 33,3 21
Inclined Plane 4 30,7 1 7,7 8 61,5 13
Simple Machines 19 63,3 5 16,6 6 20 30
Fixed Pullies 18 50 11 30,5 7 19,5 36
Solutions 12 24,5 17 26,5 24 49 49
Surface Tension 15 28,8 17 32,7 20 38,5 52

Light & Energy 14 32,5 16 37,2 13 30,3 43
*F shows frequency of the occurrences of the utterances between the teacher and the students

Secondly, regarding Student-Student purpose, only in Simple Machines (63,3%,
relatively) and Fixed Pullies (50%, relatively) implementations, the teacher prompted
the students for rigorously evaluating and judging their classmates’ utterances at the
least 50% level compare to other five implementations. These findings were both
illuminative in terms of the relations between teacher discursive roles and their
effects on the students’ cognitions and the structure of the Threshold Model. To
illustrate, when the teacher increased the Asks for Evaluation sub-role for the
purposes of Comparison and Teacher-Student, the students were appeared to be
stayed in lower levels regarding their cognitive contributions, cognitive pathways,

reasoning qualities and argument structures.
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Figure 20. Comparative Representation of Different Uses of Asks for Evaluation

Role across the ABI Implementations

In Threshold Model, the low-achieving groups are presented as Springs, Inclined
Plane, Solutions and Surface Tension implementations. When low-achieving
implementations are considered in terms of the purposes or usages of Asks for
Evaluation sub-role, it was detected that seven out of 10 utterances of the teacher for
Asks for Evaluation sub-role either consisted of a Comparison purpose or evaluation
of the teacher-led ideas, arguments, examples or saying. In low-achieving ABI
implementations, the students were seemed to make simple comparisons or tried to
provide a response to the teacher, instead of their classmates. On the other hand, for
Simple Machines implementation, two out of three (63,3%, relatively) utterances of
the teacher for the Asks for Evaluation sub-roles indicated a discursive formation
aiming at prompting the students for judging another student’s previous utterance(s).
In a similar vein, for Fixed Pullies implementation, one out of two (50%, relatively)
utterances of the teacher for the Asks for Evaluation sub-roles revealed a discursive
format leading the students for judging another student’s previous utterance(s). In
these two high-achieving ABI implementations, the teacher was appeared to
accomplish promoting the students to talk with each other in a criticizing, evaluating
and judging manner allowing an evaluative and argumentative classroom discourse

context.
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The above-stated findings regarding the influences of the distinctive discursive
utterances of the Asks for Evaluation sub-roles on the student-led intellectual
contributions were also subjected to the researcher’s field notes. The field notes of
the researcher regarding Fixed Pullies implementation included some illustrating
instances about the reasons of the distinctive discursive usages of the Ask for
Evaluation sub-roles. In Fixed Pullies implementation, the students negotiated the
potential energy changes in a fixed pulley system. Out of a fixed pulley system, the
teacher demonstrated two same weighted masses in different vertical heights to
request from the students to compare their potential energies. Then the teacher
maintained the initial negotiation by means of asking another comparison of the
same weighted masses in different and same vertical heights within a fixed pulley
system. The teacher particularly negotiated when there is a vertical distance between
the masses, what would be motion of the fixed pullies. Many of the students
advocated the idea that when there is a vertical distance between the same weighted
masses within a fixed pulley system; it (fixed pulley) would be in a motion. The
teacher captured this fallacious reasoning of the students and asked for the
clarification of the force stirring the fixed pulley system. Since, there was no extra
force to break the balance of the system. However, from the lens of the students,
there was a potential energy difference between the two sides of the fixed pulley.
According to the students, there must be a motion when the teacher released the same
weighted masses. All three related phases of Fixed Pullies implementations were

based on the above-stated negotiations.

During Fixed Pullies implementation, to the field note recordings of the researcher,
before inviting the study groups to present their findings to convince their
classmates, the teacher made a specific announcement in a substantially frequent
sense. The teacher particularly announced and requested that “every student should
pose questions if he or she does not agree with the findings (data-based
interpretations) and arguments of the presenter group.” In an explicit sense, the
teacher leaded the students to make rigorous evaluations and judgements of others’

findings, arguments, interpretations, inferences, etc. The teacher made this request
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and insisted of that this requirement had to be the rule during particularly whole

group negotiations of the all ABI implementations.

As recorded by the researcher, after a student group presented their findings, the first
and immediate pedagogical move of the teacher was to pose a question as “Class, do
you have any questions to your friends?” This was clear that the teacher desired to
reinforce the rule regarding the student-led evaluation and judgements of their

classmates.

This therefore might support the students in making authentic judgements of others’
arguments as a demonstration of their cognitive pathways at the level of abstraction.
By the open invitation and intentional guidance of the teacher, the students might be
able to contribute to the classroom discourse by means of assessing arguments,
judging observation reports, judging the credibility of a source or judging inductions
or deductions of their classmates during Fixed Pullies implementation where the

students were reached higher levels of cognitive pathways.

There were other instances advocating the unique importance of the Asks for
Evaluation role particularly purposing prompting the students for evaluating or
judging their classmates’ utterances. For instance, during the initial negotiations of
Springs case, as embedded in the researcher’s field notes, the students responded
mainly to the teacher. The students had no attempt to respond to their classmates.
The students did not listen to others, instead, they tried to say the right response that
the teacher held in her head.

This was mainly by virtue of that there was a discursive consensus within the initial
negotiations of Springs implementation and every student agreed with others’ and
teachers’ idea. This discursive consensus (atmosphere, context) was clear in the field
records. In other words, in the absence of student-led conceptual, epistemological
and ontological challenges and contradictions in the Springs case, it was more

anticipated to see consensus where the students felt themselves flexible during
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agreeing the teacher’s or their classmates’ ideas, arguments, interpretations or

inferences.

This was reflected to the field records as the initial negotiation of meaning during
Springs implementation was appeared to be maintained in a counter-productive
manner, particularly in terms of argumentation and argument construction. Since, in
Springs case’s initial negotiations, the classroom could not produce counter-ideas in
order to distort the general consensus. The presence and the consistency of taken-for-
granted consensus might not allow to negotiating ideas, since; there was no
argumentative confliction to resolve resulting in lower levels of student-led argument
constructions such as [Claim], [Claim+Data], instead of [Claim+Data+Warrant] or
Rebuttals. To sum up, by a chain reaction, the presence of general consensus among
the members of the class might prevent the teacher’s discursive attempts to lead a
student to judge other’s utterances to create an evaluative negotiation context in

which higher argument constructions would be inherently produced.

The above stated arguments for the Springs case regarding the relation between
student-led argument construction and the teacher’s discursive role as Asks for
Evaluation for student-led judgements was not valid for Fixed Pullies case. During
the initial negotiation of Fixed Pullies implementation, the teacher was able to create
a deeper conceptual, epistemological and ontological challenge for the students to
deal with that was salient in the records of the researcher. Accordingly, the teacher
was able present the challenges in a more rational and influential sense to capture the

students’ all attention to the initial negotiations of meaning.

To the researcher’s field notes, during Fixed Pullies implementation, the students
understood that they had problems in isolating the concepts as force and potential
energy from each other. This was captured by the teacher at the very beginnings of
the initial negotiations and used in an effective way to augment the scope of the
initial negotiation. This was the conceptual confliction of the students. In an
epistemological sense, the students were confused what would be happening if they

put same weighted, but vertically distance masses to the sides of the strings in a fixed
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pulley. Some of the students argued about a thought experiment that potential energy
may work when the vertical distance between the masses is infinite, then the system
would be in motion. But, the teacher insistently interrogated the probability of
conducting an experiment students mentioned. This was the epistemological
confliction of the students. In an ontological stance, the students had dilemmas
whether the potential energy exists. The teacher also captured this ontological
dilemma and responded in a very productive way to proliferate the cognitive
contributions of the students. The teacher interrogated that if the potential energy
exists, why the fixed pulley system is not in motion when there is a vertical distance
between the same masses. If the same weighted masses have the same gravitational
pulls, it is ontologically irrational for the part of the students to argue about the
potential energy. As a result, an ontological contradiction was emerged for the

students regarding whether the potential energy really exists.

During Fixed Pullies implementation, according to the field notes of the researcher,
the students were seemed to be convinced that they need to practical experiences
(data collection, analysis and interpretation processes) to solve the presented and the
acknowledged cognitive dilemmas. To the researcher’s records, for the part of the
students, solving their dilemmas was only possible by means of data collection,
analysis and interpretation. In a very frequent sense, most of the students announced
that they needed data to answer the problematic (challenge) the teacher posed. As
subjected to the researcher’s field notes, for several times during the initial
negotiations, the students said that “Let’s make a try, let’s look at it”. Put it
differently, the students desired to involve in experimental procedures instead of

progressing the mere verbal negotiations.

“The pupils found it difficult to explain the relation between free falling
and the motion of two attached objects (fixed pulley is implied) in the
course of initial negotiation. There was a good confliction in the pupils’
mind at that time. | mean they could not pull off from that confliction.
But, I suppose that the pupils were able to foster the discussion by means
of their pre-learning and knowledge. In addition, | was standing at the
edge of the classroom when the students were negotiating in the presence
of their conflictions. At that, we caught each other’s eyes. I mean, they
would direct the negotiation to an irrelevant way. But, | prevented that,
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and the pupils stayed within the bounds of the previous confliction. There
was something happened disturbing me and the pupils. Actually, they
argued elegantly, there was a very good discussion; yet, we did not
become clearer for the end of the discussion. I mean, we could not get
through. Even they asked many after the lesson (implementation)
concerning previous confliction they held. There were clear and
confident student-led expressions at the end of the discussion, however.
Of course, this was disturbing for me and the pupils since a rather better
discussion had not been got through. I mean, we desired to come to
somewhere meaningful, but, it seemed that the process was out of the
line. However, when | look at the general student-led interpretations, in
real, everything is clear as they were able to share and discuss their ideas
very good.”

The points subjected to the researcher’s field notes were also salient within the
teacher’s interpretations for the Fixed Pullies case. Initially, the teacher stated that
during the initial negotiations of meaning the students were compelling, since; they
were confronted with a genuine cognitive confliction. In other words, the teacher was
able to share student-led cognitive conflictions with her students and they accepted
that they had the cognitive conflictions. As the teacher explicitly declared, when
students made comparisons between the free-falling objects and the objects’ motion
in a fixed pulley, they had cognitive contradictions to resolve only by means of data
collection, analysis and interpretation. The teacher continued with that when students
took responsibility of the negotiation of meaning, she remained standing from the
edge of the classroom, and tried to monitor the flow of the negotiation among her
students. As the teacher narrated, while monitoring the flow of the negotiation of
meaning in the presence of real cognitive contradictions, a few times the researcher
and the teacher checked each other whether there was a deviation from the
mainstream of the negotiation. In the case of deviations from the mainstream of the
negotiations, the teacher made an intervention to keep the students around the main

negotiation dilemma.

In addition, according to the interpretations of the teacher, there was an ongoing and
enlarged social negotiation of meaning in the presence of rigorous cognitive
contradictions of the students. As the teacher stated, even the contradictions were
somewhere disturbing, since, even though there were data collection, analysis and

interpretation processes, the students were seemed to have no satisfactory answers in
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order to resolve their conflictions. The teacher also mentioned that the negotiations
of meaning were enlarged out of the classroom, as the students were cognitively

attached to the dilemmas they held and were previously made public by the teacher.

As a whole, the teacher tried to keep the tension of the negotiation permitting the
students to construct several justified claims and counter-arguments as in the form of
rebuttals as these attempts of the students were directly reflected to the their
argumentative quality. As an important point, all above-stated instances during Fixed
Pullies implementation was required an argumentative and evaluative negotiation
context in which the prior purpose of the students were to provide counter or
alternative arguments to each other. As obtained from the secondary data analysis,
there was an associated incremental tendency between the argument quality of the
students and the specified role of the teacher as prompting the students for evaluating
and judging their classmates’ utterances. As an important point, in Springs case the
teacher might be aware of redirecting the student-led responses to other members of
the class for rigorous judgements, however, the presence of a general consensus
about the flexible materials might not permit an evaluative and argumentative
atmosphere in which the teacher would inherently promote her students for judging
and evaluating other’s utterances. Put it differently, the absence and the presence of
an authentic cognitive confliction created by the negotiations might moderate and
modify the relation between the argument qualities of the students and the particular
teacher discursive role as Asks for Evaluation sub-role purposing ameliorating the

argument constructions of the students.

4.11.1 General Summary of the Findings Obtained from Secondary Data
Analysis

Secondary data analysis consisted of the episode analysis and the analysis of the
researcher’s field notes and the teacher interview. There were some featured findings
re-addressing the research questions of the current study by means of secondary data
analysis. Four selected teacher discursive roles were subjected to episode analysis in

order to detect the quantitative and the qualitative nuances that might be illuminative

246



regarding the divergences across the ABI implementation in terms of the relations
between the teacher discursive roles and the students’ cognitions. It was found out
that only two discursive roles appear to be more responsible for the detected
differences of the relations between the teacher discursive roles and the students’
cognitions. This finding was also supported by the other secondary data analysis

incorporating the analysis of researcher’s field notes and teacher interview.

Firstly, there were only quantitative nuances for the discursive role as teacher gives
information and evaluates the student-led ideas. Episode analysis also showed that
there were no qualitative nuances for this role of the teacher. In other words, the
teacher played out that role with the same pedagogical or discursive purpose across

the seven ABI implementations.

An increase in the evaluative and the knowledge provider role of the teacher
appeared to cause to reduce the cognitive contributions of the students to the
classroom discourse. When findings from episode analysis, researcher’s field notes
and teacher interview are evaluated together, it was revealed that when the teacher
played out more evaluative and knowledge provider discursive roles, a low-
interanimation of ideas were emerged. As shown for instance by means of Springs
case, in the presence of more evaluation and knowledge transmission, there was no
room to make an in-depth negotiation of meaning. There was a cumulative talk that
the teacher only collected, selected and summarized student-led ideas by means of
evaluating them. When this was the case, it was found out that semantic complexities
of the student-led responses were lowered. As shown in the comparative analysis
(see Table 44), in the presence of direct evaluations and knowledge transmission,
SOLO levels (semantic complexities) of the student-led responses were lowered. To
advocate, in low-achieving ABI implementations (consider Figure 13 and Table 44
together), for instance Springs case, the student-led responses were stayed within
narrower semantic bounds such as “Yes”, “No”, “I agree with you” demonstrating

decreasing levels of student-led cognitive contributions to the classroom discourse.
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Frequent occurrences of the evaluative and knowledge provider roles of the teacher
might also cause lower level of reasoning qualities of the students. To support, when
findings from episode analysis, researcher’s field notes and teacher interview are
considered together, it was clear that the teacher was in a discursive tendency in
making data-based and evidence-based inferences based on the data that was
gathered by the students during, for instance, in Springs and Inclined Plane
implementations. The students had collected data in Springs and Inclined Plane
implementations. But they had no idea how they operate the gathered data to address
their research questions. As particularly clear in the field notes and teacher interview,
instead of being a scientist-teacher-role model, the teacher preferred to undertake to
attain data-based and evidence-based inferences for her students. As revealed (see
also Table 44 and Figure 13), this directly was reflected to the students’ reasoning
typologies as they were mostly able to present unsupported reasoning in addressing
their research questions.

There were also qualitative and quantitative nuances illustrating the relations
between the teacher discursive roles and the students’ cognitions for a specific
teacher discursive role as teacher conducts reflective discourse. As mentioned,
reflective discursive roles of the teacher was included Asks for Evaluation sub-role
and Throws sub-role. Episode analysis showed that there were no qualitative and
quantitative nuances regarding Throws sub-role in explicating the relations between
the teacher discursive roles and the students’ cognitions. Only Asks for Evaluation
sub-role was found to be responsible in illuminating the relations between the teacher

discursive roles and the students’ cognitions.

As stated, Asks for Evaluation sub-role played out by the teacher for three distinctive
discursive purposes across the ABI implementations. The teacher performed Asks for
Evaluation sub-role to prompt students for making simplistic comparisons of ideas or
examples. In addition, the teacher also used that sub-role to guide students to
evaluate and judge teacher-led ideas, arguments, instances, examples, and so forth.

Finally, the teacher played out Asks for Evaluation sub-role in order to promote
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students for evaluating and judging their classmates’ data-based inferences, findings,

arguments, ideas, etc.

As episode analysis revealed that in high-achieving ABI implementations (see also
Table 44 and Figure 13), the teacher tended to play out Asks for Evaluation sub-role
to prompt students for making evaluations and judgements their classmates’
utterances. When this was the case, the classroom discourse was mostly played out
among the students and under the control of the teacher. This was also contributing
to student-led contributions in terms of semantic complexities, cognitive pathways,
reasoning qualities and argument construction (consider also Table 44 and Figure
13).

When findings from episode analysis and analysis of researcher’s field notes and the
teacher’ reflections are considered together, the incremental tendency of the teacher-
led prompts aiming at guiding the students to rigorously evaluate and judge their
classmates’ utterances was seemed to be directly reflected to the qualities of the
cognitive pathways of the students and their argument construction (see also Table
44 and Figure 13). As clear in the of researcher’s field notes and the teacher’s
reflections, the teacher had a major discursive intentionality in prompting the
students for rigorously evaluating and judging others’ utterances, particularly over
the course of Fixed Pullies implementations’ whole group negotiations (a high-
achieving implementation). This was seemed to be directly reflected to the student-
led contributions’ cognitive pathways consisting assessing arguments, judging
observation reports, judging the credibility of a source or judging inductions or

deductions (see also Table 44).

Moreover, when the teacher had a tendency in performing Asks for Evaluation sub-
role for the discursive purpose as prompting students for evaluating and judging
others’ utterances with a less frequent way, this was seemed to be regressively
reflected to the argument constructions of the students. For example, for Springs case
as a low-achieving ABI implementation, in the absence of student-led rigorous
evaluations and judgements, argument qualities of the students were stayed within

narrower bounds as the students were only able to produce claim-like components in
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supporting their ideas (consider also Table 44). When findings from episode analysis
and analysis of researcher’s field notes and the teacher’ reflections are evaluated
together, it was found out that the absence of an evaluative or argumentative
classroom discourse context may be directly and negatively influenced the argument

construction of the students.

Finally, particularly obtained from the analysis of the researcher’s field notes and the
teacher’s reflections, there were some points beyond the teacher discursive roles such
as Asks for Evaluation by the purpose of prompting the students for evaluating and
judging others’ utterances. As embedded in the researcher’s field notes and the
teacher’s reflections, the absence of the ontological, epistemological and conceptual
cognitive contradictions during classroom discourse of Springs case did not permit
an evaluative or argumentative context in which counter-arguments or rebuttals were
not emerged. Thus, for instance, for the Springs case, there was a general consensus
during the initial and the whole group negotiations as the teacher did not attempt to
prompt the students for evaluating and judging each other as most of the class agreed
with their classmates’ ideas or arguments. As a chain reaction, the absence of
cognitive contradictions might cause the absence of evaluative classroom discourse
context and this negotiation context might negatively influence the students’
cognitive pathways and higher quality argument constructions as their intellectual

contributions to the classroom discourse (see also Table 44).

4.12 Summary of Findings

To represent a holistic summary of the findings, Figure 21 was composed. As seen,
the five research questions of the study were gathered around two dimensions. By
addressing the RQ1, the purpose was to reveal the teacher discursive roles that were
expected to be played out during ABI implementations. Other four questions, RQ2,
RQ3, RQ4 and RQ5, were dedicated to illuminate the relations between the revealed
teacher discursive roles and the student-led cognitive contributions to the classroom
discourse. RQ1 was addressed by coding and counting procedures as a part of socio-

cultural discourse analysis (consider also Methods section). There were two featured
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findings in relation to RQ1. The teacher performed a wide range of teacher
discursive roles consisting both teacher-centered (e.g., teacher gives information and
evaluates the ideas) and learner-centered ones (e.g., teacher conducts reflective
discourse). The second featured point regarding RQ1 was that three teacher
discursive roles were consolidated. In other words, three teacher discursive roles
were the salient ones among others and displayed by the teacher in a more frequent

way. These roles are underlined in Figure 21.

There was a coding-counting procedure for identifying the occurrences of the
student-led cognitive contributions to the classroom discourse. The students’
utterances’ semantic complexities (RQ2), cognitive pathways (RQ3), reasoning
qualities (RQ4), argument structures (RQ5) were coded and counted across the ABI
implementations similar to the coding-counting procedure that was attained for the
teacher discursive roles. In order to attach the revealed teacher discursive roles to the
coded and the counted student-led cognitive contributions, a further analysis was
needed and attained. The further analysis consisted of episode analysis and analysis
of researcher’s field notes and the teacher interview (see also Figure 21). Episode
analysis was conducted in order to clarify whether there were quantitative and
qualitative nuances among the teacher discursive roles that might be effective in
altering the degrees of the student-led cognitive contributions to the classroom
discourse. The episode analysis was conducted for four selected (based on a data-
based criterion) teacher discursive roles. The analysis of researcher’s field notes and
the teacher interview were also used to support the interpretations obtained from the

episode analysis and coding-counting procedures.

Episode analysis showed that there were no considerable qualitative and quantitative
nuances for the two selected teacher discursive roles: teacher clarifies, elaborates and
probes the ideas and teacher focuses learners on focal aspects of and encourages
monitoring to classroom discourse. There were substantial qualitative and
quantitative nuances for the two selected teacher discursive roles: teacher gives
information and evaluates the ideas and teacher conducts reflective discourse. When

the teacher played out more evaluative (evaluator) and knowledge provider roles
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during ABI implementations, this was seemed to bring about lower levels of
semantic complexities of the student-led responses (RQ2). This result was also
supported by the analysis of researcher’s field notes and the teacher interview. When
the teacher displayed evaluative and knowledge provider roles, there was a low
interanimation of student-led ideas showing that the students only declared their
ideas, however, the teacher did not attempt probing, clarifying and elaborating their
ideas due to teacher-led evaluations, explanations or abstractions. Moreover, the
increase in the teacher’s evaluative and knowledge provider discursive roles was
negatively reflected to the reasoning qualities of the student-led utterances (RQ4). A
considerable increase in the evaluative and knowledge provider discursive roles of
the teacher was appeared to cause lower levels of reasoning qualities of the student-
led responses. As supported by the analysis of field notes and the teacher interview,
the teacher had a tendency in undertaking data-based or evidence-based inferences
for her students. This was seemed to negatively reflect to the data-based and
evidence-based reasoning typologies of the students. The students’ reasoning
typologies were stayed within lower levels such as unsupported reasoning due to the

overusing of evaluative and knowledge provider discursive roles of the teacher.

Qualitative and quantitative nuances were also detected for teacher conducts
reflective discourse role as characterized by Asks for Evaluation sub-role and
Throws sub-role. Episode analysis confirmed that there were no considerably
qualitative and quantitative nuances for the Throws sub-role. However, there were

substantial qualitative and quantitative nuances for the Asks for Evaluation sub-role.

In-depth episode analysis revealed that Asks for Evaluation sub-role was used in
three distinctive discursive purposes as teacher prompts students for making simple
comparisons of two cases, instances or ideas; teacher prompts students for making an
evaluation of a teacher-led example, and thirdly, teacher prompts students for
rigorously evaluating and judging their classmates’ ideas, arguments, data-based
inferences, and so forth. These three distinctive discursive usages of the Asks for

Evaluation sub-role were also considerably and quantitatively differed across the
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ABI implementations resulting in altering the amounts and the qualities of the

student-led cognitive contributions to the classroom discourse.

For instance, a considerable increase in playing out the Asks for Evaluation sub-role
purposing promoting students for rigorously evaluating and judging their classmates’
ideas, arguments, data-based inferences, the student-led utterances’ cognitive
pathways (RQ3) were reached to the highest levels (e.g., abstraction level: assessing
others’ arguments, judging others’ observation reports, judging the credibility of a
data source created by others, judging inductions or deductions of others). This
finding was also supported by the analysis of researcher’s field notes and teacher
interview. Particularly during whole group negotiations of the ABI implementations
when the teacher intentionally promoted the students to make rigorous judgements
and evaluations of their classmates’ findings, student-led responses’ cognitive

pathways were reached to highest points.

Furthermore, a considerable increase in playing out the Asks for Evaluation sub-role
purposing promoting students for rigorously evaluating and judging their classmates’
ideas, arguments, data-based inferences positively influenced the student-led
argument structures (RQ5) that were reached to more complicated levels. To support,
when the teacher recurrently directed the students to respond their classmates’
utterances (arguments), the students had to defense their positions, findings, ideas
and arguments. In addition, the students had to rebut their classmates’ positions,
findings, ideas and arguments or to defense a counter-argument if they had an

alternative finding regarding the phenomenon under research.

When the episode analysis and the analysis of researcher’s field notes and teacher
interview are taken into account together, it was confirmed that when the teacher
played out Asks for Evaluation sub-role purposing prompting students for making
simple comparisons of two cases, instances or ideas or directing students for making
an evaluation of a teacher-led example or ideas, an evaluative and argumentative
classroom discourse context did not exist and this did not permit more complicated

argument structures produced by the students.
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Particularly understood from the analysis of researcher’s field notes and teacher
interview, in the case of lack of authentic conceptual, epistemological and
ontological cognitive conflictions of the students, there was not an argumentative or
evaluative classroom discourse context in which the students did not judge or
evaluate their classmates’ arguments that would reach their argument structures to
the more sophisticated levels. In other words, the relation between a specific teacher
discursive role as prompting the students for evaluating and judging the utterances of
their classmates and the student-led argument structures’ quality was moderated and
modified by the absence/presence of the conceptual, epistemological and ontological
cognitive conflictions of the students who acknowledged these conflictions during
particular ABI implementations. Based on above-stated findings, in the rest of

Discussion section, several points were discussed.
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CHAPTER 5

DISCUSSION

5.1 Introduction

The research questions of the current study were that;

1. Which types of teacher discursive roles were performed by the teacher over
the course of in class-implementations of the ABI?

2. Which types of teacher discursive roles were played out by the teacher
allowing enlarged quantitative cognitive contributions of the students over the
course of the ABI implementations?

3. What were the patterns between the teacher discursive roles and the students’
cognitive pathways over the course of the ABI implementations?

4. What were the patterns between the students’ reasoning and the teacher’s
discursive roles during the ABI implementations?

5. What were the patterns between the students’ argument structures and the

teacher’s discursive roles over the course of ABI implementations?

As presented and interpreted above sections, based on the research questions, there
were several findings of the current study. In this section, the findings of the present
study will be discussed by virtue of different theoretical perspectives. In brief, the
discussion begins with the arguments regarding why and how the teacher played out
a wide range of discursive roles during the ABI implementations. This discussion
point is about RQ1. Then, the substantial influences of a specified teacher discursive
role as giving information and evaluating the ideas on the students’ utterances’
semantic complexities and reasoning typologies are discussed in terms of different
theoretical perspectives based upon the related studies. This discussion point is about

RQ2 and RQ4. In addition, another particular teacher discursive role’s (Asks for
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Evaluation sub-role and its distinctive discursive usage purposes) impacts on the
student-led utterances’ cognitive pathways and argument structures are discussed.
This discussion point is for RQ3 and RQ5. Finally, several recommendations for
teaching, teachers, and professional development programs are offered and some
limitations of the current research are acknowledged and presented for guiding

further research.

5.2 The Teacher Played Out a Wide Range of Discursive Roles

As mentioned, the first research question of the current study was composed in order
to reveal the presumable played out discursive roles of the teacher within a particular
instructional approach; ABI. As shown in Figure 21, there was a wide range of
discursive roles that were displayed by the teacher during the ABI implementations.
In addition, three particular played out roles were consolidated for all ABI
implementations. In other words, three consolidated discursive roles (see also Figure
21, underlined discursive roles) were mostly performed by the teacher among other

roles to handle all ABI implementations in this study.

In a simplistic sense, detected teacher discursive roles can be classified as teacher-
centered (e.g., teacher gives information and evaluates the ideas) or learner-centered
(e.g., teacher conduct reflective discourse). A very similar classification can be in the
sense of monologic and dialogic orientations of the displayed discursive roles. The
teacher’s roles as giving information or evaluating students’ responses based on the
canonical knowledge of science were more monologic discursive roles (Chin, 2006,
2007). In addition, the teacher was also able to throw the responsibility of learning
back to the students. This was a dialogic role of the teacher (Crawford, 2000;
Pimentel & McNeill, 2013).

Detecting both dialogic and monologic teacher discursive roles may be expected for
the ABI implementations of the current study. To explicate, ABI implementations

were the open-ended instructional processes in which the students were generally
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permitted by the teacher to negotiate their ideas with others (Cavagnetto, 2010;
Cavagnetto & Hand, 2012; Cavagnetto, Hand, & Norton-Meier, 2010; Prain & Hand,
1996). In the current study, the ABI implementations were also previously structured
that the teacher was expected to lead students to compose their own arguments
around an in-class investigation, but, by means of around the previously defined
research variables or research questions (Cavagnetto, 2010; Cavagnetto & Hand,
2012). In other words, the teacher had an instructional agenda to guide and control
the ABI implementations instructional goals such as conceptual learning, argument

construction, and so forth.

In this study, the played out teacher discursive roles in the ABI implementations
were required more holistic and extended interpretations. Since, during the ABI
implementations, the teacher did not perform only dialogic sides of the discursive
roles or only monologic sides of the discursive roles. Indeed, during the ABI
implementations, there was a clear co-existence of the monologic and the dialogic
discursive roles to accomplish the requirements of the implementation. Put it
differently, the teacher was able to play out a dialectical combination of dialogic and
monologic roles instead of just displaying only dialogically-oriented and only
monologically-oriented roles. This therefore is required a more holistic framework to

discuss the played out teacher discursive roles in the context of this study.

For holistic interpretations of the findings regarding the detected teacher discursive
roles, first, the nature of the ABI implementations in the current study should be
briefly introduced. Then, the detected teacher discursive roles within the flows of the
ABI implementations are attached to a framework developed by Mortimer and Scott
(2003) incorporating and clarifying communicative approaches of classroom

discourse in an analytical sense.

As seen in Figure 22, a well-structured ABI implementation incorporates three cyclic

or interrelated phases: initial negotiation of meaning, experimenting and whole group
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negotiations. In the initial negotiation of meaning, teacher and students attain many

open-ended discursive exchanges.

Initial negotiation
of meaning

Whole group

-5 Experimenting
negotiations

Figure 22. Cyclic Phases of an ABI Implementation

The main purpose of the first phase of an ABI implementation is to introduce the
scientific scene and make public ontological, epistemological and conceptual
cognitive contradictions of students to them. Based on negotiations regarding a
phenomenon, students are required to compose their research questions at the end of
the initial negotiations of meaning(s). Prominent discursive purposes of a teacher in
this stage are to show students that they should gather, analyze and interpret data to
solve their cognitive conflictions and to lead students to compose different questions
from other groups of students in order to augment the scope of the whole group

negotiations in the presence of diversified research purposes (questions).

In the experimenting phase, students are engaged in data collection, analysis and
interpretation procedures. Students may draw graphics or other types of modal
representations in order to present their data in a clearer and meaningful sense to
their classmates. During whole group negotiations, students present their questions,

claims and evidences to other groups and try to persuade other groups that their data
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collection, analysis and interpretation processes are scientifically valid and reliable;
thus, their argument is powerful in terms of its explanatory and exploratory aspects.
This is the brief frame of an ABI implementation and the teacher discursive roles
found out in the current study can be illuminated or characterized with other related
frameworks of classroom discourse. One of the evidence-based frameworks of

classroom discourse was developed and tested by Mortimer and Scott (2003).

Mortimer and Scott (2003) identified four types of communicative approaches of a
classroom discourse that are considerably related to the three phases of the ABI
implementations of this study and detected teacher discursive roles in each phases
(see also Table 53). First type of communicative approach is noninteractive-
authoritative. In this sense, there is no verbal or social interaction between teacher
and students. In addition, teacher introduces only single aspect or perspective
regarding the topic under consideration characterizing authoritative side of this
communicative approach. Second type of communicative approach is interactive-
authoritative. This includes verbal and social interactions between teacher and
students (interactive), but, there is still a single aspect or perspective of the topic that
either has been introduced by teacher or negotiated by students (authoritative). In
noninteractive-dialogic approach, there is no verbal or social interaction between
teacher and students, but teacher mentions about alternative or counter perspectives
of the topic under consideration (dialogic). Lastly, in interactive-dialogic
communicative approach, there are several verbal and social interactions between
teacher and students, and alternative and counter perspectives and aspects of the

topic are considered and negotiated.

When three phases of the ABI approach, four types of communicative approach and
detected teacher discursive roles are taken into consideration together, Table 53 was
composed. In Table 53, the detected teacher discursive roles were re-classified by
means of four classes of communicative approaches in addition to three phases of an

ABI approach.

260



This new classification firstly showed that, in this study, the teacher did not play out
only dialogically-oriented or only monologically-oriented discursive roles. Rather,
the teacher attained the ABI implementations through the co-existence of the dialogic
and the monologic discursive roles. In other words, monologic-dialogic dichotomy is
not sufficient to explicate the sophisticated structure of the played out teacher
discursive roles. As displayed in Table 52, an extended spectrum of teacher
discursive roles is needed; from interactive/dialogic discursive roles to non-
interactive/authoritative discursive roles to attain an ABI implementation as shown in

this study.

Secondly, most of the detected teacher discursive roles were gathered around the area
of interactive/dialogic discursive roles (see also Table 52). This implies that the
teacher tried to maintain a classroom discourse in which there were more verbal and
social interactions, and there were more than one point that was discussed or
alternative aspects of the ideas were considered, compared and contrasted during the
ABI implementations. In the rest of this section, the ways of overlapping the
communicative approaches, the ABI phases and the detected teacher discursive roles
will be discussed in the light of the current literature regarding teacher’s discursive

roles.

In this study, during the initial negotiation of the meaning phases of the ABI
implementations, the teacher started with gathering students’ ideas regarding the
content under discussion. The teacher attained this through cumulative talk in this
study (Mercer, 2000). In this sense, the teacher collected many ideas from the
students whether or not the student-led ideas were rational, fallacious or valuable for
the aim of the ABI implementation (cumulative talk). In the literature, a prominent
teacher discursive role representing cumulative talk is that the teacher pools student-
led ideas as played out in this study (e.g., McMahon, 2012). In this sense, the teacher
prioritized the everyday social languages of the students. In other words, there was
no space for the vocabularies of science. This means for the ABI implementations of

this study that there was a gradual decontextualisation as the teacher guided the
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students to talk away from the descriptions of scientific concepts (Mortimer & Scott,

2003). To explicate, the teacher started with students’ ideas and tended to guide them

to a transformation in which the learned phenomena from the here-and-know of

everyday views was relocated to the generalizable statements of science (Scott,

1998).

Table 53. Four Dimensions of the Revealed Teacher Discursive Roles for ABI

Implementations

Interactive/Dialogic Discursive Roles

Interactive/Authoritative Discursive
Roles

ABI phase: Initial negotiation of
meaning

ABI phase: Experimenting

Teacher clarifies, elaborates and probes
ideas (e.g., request for clarification,
expands, reformulates, embodies)*

Teacher focuses learners on focal
aspects of and encourages monitoring to
classroom discursive events (e.g.,
focuses, monitors)*

Teacher conducts reflective discourse
(e.g., throws, asks for evaluation)*

Teacher acts as challenger and seeks for
justified reasoning (counter-arguing,
prompts for evidence-based reasoning)

Teacher models aspects of processes of
science and speech genres

Non-interactive/Dialogic Discursive

Non-interactive/Authoritative

Roles Discursive Roles
ABI phase: Initial negotiation of ABI phase: Whole group negotiations
meaning

Teacher pools, summarizes and
consolidates the ideas

Teacher gives information and evaluates
the ideas (e.g., direct lecturing, narrates,
provides cued elicitation, affirmation,
rejection)

*These teacher discursive roles were detected as consolidated ones.

262



In this sense, the teacher played out several discursive roles that were embedded in
interactive/dialogic communicative approach in order to explore or discuss the
students’ initial interpretations by engaging students in clarifying their ideas (e.qg.,
van Zee & Minstrell, 1997a), enlarging their ideas or arguments (e.g., Chin, 2006,
2007), throwing the responsibility of thinking and learning back to students
(Crawford, 2000; van Zee & Minstrell, 1997b), acting as challenger, discussant and
negotiator (e.g., McMahon, 2012; Simon et al., 2006) or encouraging and prompting
students for justified reasoning (Christodoulou & Osborne, 2014; Jadallah et al.,
2011).

In this study, during the experimenting phases of the ABI implementations, the
teacher engaged students in a process as recontextualisation (Mortimer & Scott,
2003). To explain, the teacher invited the students to use a more formalized social
language (thinking and talking system), since; their (students’) everyday social
language (thinking and talking system) did not work well to solve the recognized and
acknowledged cognitive conflictions that had been made public particularly during
the initial negotiations of the ABI implementations. For instance, in the ABI
implementations, when the teacher and the students negotiated the related variables
to put them in their research questions to explore, the teacher was more authoritative
with regards to discursive roles. Since, the teacher had to lead the students to use
more related or plausible variables instead of trivial ones as the students proposed
over the course of initial negotiations of meanings phases. As a consequence, the
teacher had to select and accept some student-led proposals as candidate variables
and implicitly or explicitly reject others that could not be a candidate variable to
research into. In this case, the teacher did not implement explorative interactive-
dialogic discursive roles. Rather, she preferred to undertake interactive-authoritative

discursive strategies in order to work with students’ ideas (Mortimer & Scott, 2003).

For instance, in Simple Machines implementation, the students proposed eight
candidate variables to research into. However, by means of explicit negotiation, the

teacher reduced the numbers of variables in four that were more valuable and
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relevant to research into. Since, being eliminated four variables were not related to
the simple machines or included unmeasurable (non-researchable) aspects. In this
manner, the teacher played out some specific discursive roles. For instance, in a more
authoritative sense, the teacher offered cued elicitations in order to deliver the
message to the students that “you proposed a more valuable and scientifically
appropriate variable, thus, you can insert it in your research question” (Kawalkar &
Vijapurkar, 2013; van Booven, 2015). In addition, the teacher focused the students’
attention on main aspects of the negotiation (e.g., Kawalkar & Vijapurkar, 2013; Oh,
2010) by eliminating other irrelevant points. Moreover, in ABI implementations, the
teacher modelled and rehearsed the aspects of processes of science (e.g., McMahon,
2012). For instance, the teacher directly mentioned or lectured about how the
students’ control the variables and attain valid and reliable measurements in an

experimental process (Crawford, 2000; McMahon, 2012; Oh, 2010).

In this study, during the whole group negotiations, the teacher displayed discursive
roles framed in a noninteractive-authoritative communicative approach (Mortimer &
Scott, 2003). In the ABI implementations, the teacher of course provided knowledge
by means of direct lecturing (e.g., Edwards & Mercer, 1987), logical expositions
(e.g., Lemke, 1990), narratives (e.g., Scott, 1998), and verbal cloze (e.g., Chin,
2007). In reality, a lecturing teacher is not welcomed for an ABI implementation
(Cavagnetto, 2010; Cavagnetto & Hand, 2012). But, in this study’s ABI
implementations, the students had already negotiated the content, provided diverse
ideas, and provided evidence-based arguments through their data collection, analysis
and interpretation processes to solve their cognitive challenges. Then, it was the time
for the students to move on to the worlds of scientific thinking and talking by means
of the teacher’s wrap-ups and reviews. In this context, for the teacher, this might be
more appropriate to display the discursive roles within the noninteractive-
authoritative approach in reviewing or wrapping-up previously created discourse
(Mortimer & Scott, 2003).
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As a whole, there are two important conclusions. Firstly, an ABI implementation
may consist of both dialogic and monologic discursive roles of the teacher at the
same time. Beyond, this, the co-existence of the discursive roles, is the necessity of
an ABI implementation as shown in this study. To support, in an ABI
implementation, the teacher should consider both students’ everyday social language
to trigger and maintain the initial negotiation of meaning, and then move on with the
social language of experts or scientists to achieve students to think and talk new
social languages scientists have developed and used. For this reason, a teacher should
perform both more dialogic and more monologic roles in a balanced and purposeful
way from the initial negotiations to the whole group negotiations of an ABI

implementation.

Secondly, only considering and displaying monologic roles are expectedly and
explicitly against to the nature of ABI approach. However, only considering and
playing out dialogic roles is also not proper for the purposes of the ABI approach. To
advocate, if the ABI approach includes a transition from thinking and talking systems
students have created and used to novel thinking and talking systems experts and
scientists have constructed and used, a teacher should use both more dialogic and
more monologic discursive roles. Since, in an ABI implementation teacher should
start with by considering thinking and talking systems students have created and
applied that are required more dialogic roles. On the other hand, to invite students to
acknowledge a novel thinking and talking systems experts and scientists have

constructed and used, a teacher should use more monologic discursive roles.

This shows a tension or a rhythm or a harmony among the teacher discursive roles
found in this study. To be clear, as revealed in this study, dialogic and monologic
roles are not against to each other or counterparts of a teacher’s discursive roles.
Instead, dialogic and monologic roles are the complementary pieces of a teacher’s
discursive roles as revealed in this study. This discursive harmony was also revealed
by Scott, Mortimer and Aguiar (2006) among the communicative approaches

discussed above. Scott et al. (2009) asserted that “a necessary tension therefore exists
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between authoritative and dialogic approaches as dialogic exchanges are followed by
authoritative interventions (to develop the canonical scientific view), and the
authoritative introduction of new ideas is followed by the opportunity for dialogic
application and exploration of those ideas. In these ways, one communicative
approach follows from the other, authoritativeness acting as a seed for dialogicity
and vice versa.” (p. 605). In this study, similar to suggestion of Scott et al. (2006),
there existed a tension between more monologic and more dialogic discursive roles
of the teacher during the ABI implementations as the teacher attained to make visible
and valuable the two different social languages of different groups as learners and

scientists or experts.

5.3 The Teacher Gives Information and Evaluates the Ideas

In the current study, the evaluative and knowledge provider discursive roles of the
teacher were in action in negatively altering the students’ utterances’ semantic
complexities (RQ2) and reasoning qualities (RQ4). As mentioned, the evaluative and
knowledge provider discursive roles were used by the teacher for the same discursive
purposes as to evaluate and advise the students after they provided a response (no
qualitative nuances). However, sharpened changes in the quantities of the evaluative
and knowledge provider discursive roles of the teacher were considerably influential
in decreasing the students’ utterances’ semantic complexities and reasoning qualities.
In this study, when the teacher played out more evaluative and knowledge provider
discursive roles, the students’ voices as their cognitive contributions were more
interrupted. To illuminate, when the students were allowed to make more frequent
contributions to the classroom discourse, then the qualities of their cognitive
contributions could be enhanced (Martin & Hand, 2009, McNeill & Pimentel 2009).
Since, in ABI implementations first the students spoke up their voice, and then they
were able to make genuine (qualitative) cognitive contributions (e.g., semantic
complexity and reasoning quality) to the classroom discourse. Put it differently,
increase in the quantities of the student-led contributions was the precondition for the
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qualitative enhancement of the student-led contributions such as evidence-based

reasoning or relational reasoning (Martin & Hand, 2009, McNeill & Pimentel 2009).

In other words, it was probable for the current study that when the students were
overly evaluated or provided knowledge by the teacher, they withdrawn their
possible and probable cognitive contributions to the ABI negotiations, in turn,
anticipated intellectual contributions were inherently reduced. In this sense, Chin
(2006, 2007) confirmed in her study that when the teacher achieved to diminish her
evaluative moves in a certain extent, students accessed higher-order thinking as
hypothesizing, evaluating, explaining, deducing, and predicting. On the other hand,
when evaluative discursive moves were increased in the expository teaching of the
teacher, the students were only able to display some primary thinking skills such as
observing or recalling (Chin, 2006, 2007). This was also valid for the current study’s
findings. For instance, in a knowledge provider manner, when the teacher made data-
based and evidence-based inferences for her students during for instance Springs and
Inclined Plane implementations, her students’ reasoning qualities were stayed within
lower levels such us unsupported reasoning. In other words, the student-led claims
were not backed up due to the overuses of the evaluative and knowledge provider

discursive roles of the teacher.

Chin (2006, 2007) also reported that students’ utterances’ semantic complexities may
be considerably predicted by the teacher discursive roles such as teacher evaluates
the student-led ideas and provides canonical knowledge of science. Chin (2006,
2007) explained the relations between the evaluative and knowledge provider
discursive roles of the teacher and student-led utterances’ semantic complexities as a
(cognitive) demand issue that is thought mainly created by the teacher. According to
the findings of Chin (2006, 2007), when the teacher shifted the third move of triadic
dialogue (IRE) from an evaluative manner to discursively scaffolding one (IRF; F:
follow-up questioning as a teacher discursive move), more cognitive demand was
created on the part of students. In other words, the teacher was more demanding to

grasp the reasoning or thinking of the students by mentioned discursive move
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change. Students then had chances to make intellectual contributions to classroom

discourse, since; they were cognitively demanded by the teacher.

This argument of Chin (2006, 2007) was also valid for the case of this study. In the
context of this study, when the frequencies of evaluative roles were increased by the
teacher, the students were cognitively demanded in considerably lower levels. This
was for instance more valid for Springs and Inclined Plane implementations. Thus,
the students’ responses were stayed within lower levels regarding semantic

complexities such as “Yes, No, I agree, I don’t agree, I don’t know”.

Mentioned cognitive demand argument may show itself in other formations
regarding the relations between the evaluative and knowledge provider discursive
roles of the teacher and student-led utterances’ semantic complexities. In ABI
implementations, particularly for Springs and Inclined Plane cases (low-achieving
cases), when the teacher played out the evaluative and knowledge provider
discursive roles in a more frequent manner, the students only provided short and
simple responses after the teacher’s evaluations. Then, the teacher’s second or further
questions or utterances based on the short and simple responses of the students were
also simplified. Since, the students provided simplistic responses that did not give a
chance to the teacher to make a further discursive role for an in-depth negotiation
regarding the topic under discussion. As a whole, not only the students’ responses
were simplified when the teacher played out the evaluative and knowledge provider
discursive roles, but also the teacher were seemed to simplify her further discursive
role(s) in responding to the simplistic and short student-led responses. Thus, it can be
asserted that there may be a reciprocal determinism between the short and the
simplified student-led responses and the teacher’s evaluative and knowledge provider
discursive roles (Jadallah et al., 2011; Molinari et al., 2013; Lefstein et al. 2015).

In this sense, in the study of Lefstein et al. (2015), a reciprocal relation between the
evaluative and knowledge provider teacher discursive roles and the simplified

student-led cognitive contributions to the classroom discourse regarding semantic
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complexities were confirmed, similar to the findings of the current study. Lefstein et
al. (2015) conducted a lag sequential analysis in order to define a role’s (teacher-led)
statistical dependencies on other utterances (student-led) and revealed many rules for
the mentioned reciprocal determinism. First, teachers’ feedback mechanisms (i.e.,
simple feedback vs. elaborated feedback) and questioning stills (i.e., open questions
vs. closed questions) were fluctuated with length of pupils’ responses (i.e., long,
moderate, and brief responses). Secondly, teachers’ closed questions were associated
with pupils’ brief responses, and pupils’ brief responses were associated with
teachers’ simple feedback. Third, teachers’ simple feedbacks were associated with
teachers’ closed questions. Beyond, teachers’ open questions were associated with
pupils’ lengthy responses, and pupils’ lengthy responses were associated with

teachers’ elaborated feedbacks.

In conclusion, as revealed in this study, at the least for three reasons, the overuses of
evaluative and knowledge provider discursive roles of the teacher caused decreasing
the level of the students’ utterances’ semantic complexities and reasoning qualities.
First, overuses of the evaluative and knowledge provider teacher discursive roles
inhibited the student-led responses in reaching to a sufficient quantitative point
allowing transforming them into more sophisticated semantic structures and
reasoning typologies (Chin 2006, 2007; Jadallah et al., 2011; Molinari et al., 2013;
Lefstein et al. 2015). Secondly, overuses of the evaluative and knowledge provider
discursive roles of the teacher brought about lower levels of cognitive demand from
the students, in turn; their utterances’ semantic complexities and reasoning qualities
were truly simplified (Martin & Hand, 2009; McNeill & Pimentel, 2009). As a third
inference, as a result of the overuses of the evaluative and knowledge provider
discursive roles of the teacher, the student-led responses were simplified, and the
simplifications of the responses of the students were also simplified the teacher’s
further discursive role(s) as confirming a reciprocal determinism between the teacher

discursive roles and student-led responses’ sophistication levels.
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As the contribution of this study to the field, the overuses of the evaluative and
knowledge provider discursive roles of the teacher may cause a low-interanimation
of ideas during the classroom discourses of the ABI implementations. In the sense of
the current study, low interanimation of ideas declares that there was a discursive
relation between the teacher and the students. However, it was stayed within limits
due to frequent uses of the evaluative and knowledge provider discursive roles of the
teacher. The term low-interanimation of ideas is barrowed from Mortimer and Scott
(2003). For this study, for instance, in the context of the initial negotiations of the
Springs case, low-interanimation of ideas meant that the teacher did not allow the
students to freely mention about their ideas, examples, arguments, sayings, and so
forth, in the presence of overuses of the evaluative and knowledge provider
discursive roles. Beyond, in the presence of the overuses of the evaluative and
knowledge provider teacher discursive roles, the teacher also did not permit the
students to speak up the underlying reasons of their utterances (Scott et al., 2006).

5.4 Teacher Conducts Reflective Discourse

As mentioned, the teacher was able to perform reflective discourse by means of
mainly playing out Throws and Asks for Evaluation sub-roles. During the ABI
implementations, through Throws sub-role, the teacher threw the responsibility for
thinking back to the students and the other members of the class. By means of Asks
for Evaluation sub-role, the teacher prompted the students for evaluating and judging
the utterances occurred during classroom discourses of the ABI implementations.
These two sub-roles were also found within the case studies of van Zee and Minstrell
(19974, 1997Db), van Zee (2000), van Zee et al. (2001) in the same manner detected in
this study.

Detailed analysis of reflective discursive sub-roles played out by the teacher showed
that Asks for Evaluation sub-role was considerably responsible for the decreases and
the increases of the students’ cognitive pathways (RQ3) and argument constructions

(RQ5). This argument was not valid for the Throws sub-role. Increasing and
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decreasing quantities and changing qualities of Asks for Evaluation sub-role
substantially particularly shifted the qualities of the students’ cognitive pathways and

argument constructions across the ABI implementation.

The teacher had distinctive discursive usage purposes of the Asks for Evaluation sub-
role. These were asking for simple comparisons, asking for evaluating the teacher’s
utterances, and asking for evaluating and judging classmates’ utterances. When the
teacher promoted students for evaluating and judging their classmates’ utterances,
instead of simple comparisons, the students’ cognitive pathways and argument
constructions were considerably reached to the highest points. There were several
reasons for the above-stated findings regarding Asks for Evaluation sub-role reached

in this study.

The first explanation comes from the nature of reflective discourse and its difference
from conventional classroom discourse. Reflective discourse by means of the Asks
for Evaluation sub-role detected in this study refers to a special and distinguished
way of interaction between the teacher and the students, particularly among the
students. Reflective discourse performed in this study was different from Socratic
discourse (Chin, 2006, 2007). In classrooms, Socratic discourse is conducted “in a
humiliating manner, in front of company, with plenty of irony and sarcasm in” (C,
1979, p. 5). However, in the ABI implementations, particularly for Fixed Pullies and
Simple Machines cases, the teacher acknowledged and welcomed the student-led
contributions to the classroom discourse. More importantly, the teacher accepted the
students as co-legitimators or co-evaluators in evaluating and judging others’
utterances for the sake of the progression of negotiations of the ABI implementations
(Chin, 2006, 2007; Hogan et al., 1999; Lam et al., 2009; van Booven, 2015; van Zee
& Minstrell, 1997a).

In addition to this, Socratic teacher roles do not consist of responsiveness as the
teacher in the ABI implementations was performing her reflective discourse in a

responsive manner. In reality, based on the reports of Plato, Socrates conducted a
271



serial questioning that has logical flow and a person provides responses to the
questions posed by binary utterances as Yes/No (Thomas, 1926). In contrast, during
the ABI implementations (e.g., Fixed Pullies, Simple Machines), the teacher used
Asks for Evaluation sub-role in a divergent sense that the students frequently
provided responses by elaborating upon their own reasoning rather than pleasuring
the teacher by accepting and approving her claims. Beyond, for this study, by means
of performing Asks for Evaluation sub-role, the teacher was able to lead students to
reason about the questions -how do we know?- and —why do we believe?- (Berland
& Hammer, 2012; Hutchison & Hammer, 2010; Scherr & Hammer, 2009; van Zee
and Minstrell, 1997a).

In reflective discourse of the teacher during some ABI implementations (e.g., Fixed
Pullies), she had no attempts to test the degrees of the students’ knowledge (Lefstein,
et al., 2015; Molinari et al., 2013). Rather, the teacher tried to reflect their thinking
back to the students for further consideration of the foregrounding matters embedded
in the negotiations of meanings in ABI implementations. Put it differently, the
teacher did not decide what was correct and why in the negotiations (Cazden, 1988;
Lemke, 1990). The teacher intentionally avoided in evaluating, affirming, confirming
or rejecting the students’ ideas as frequently seen in for instance Springs and Inclined
Plane implementation (low-achieving cases). However, this does not mean that there
were not evaluators or judgers of the proposed ideas by the students. As mentioned,
in some ABI implementations (Fixed Pullies, Simple Machines), there were co-

evaluators and co-judgers as the students and the teacher.

In conclusion, by using Asks for Evaluation sub-role purposing prompting the
students for evaluating and judging their classmates, the teacher attained to create a
community in which learners had rights to assess and criticize others’ utterances.
This was directly reflected to the students’ cognitive pathways. A considerable
increase in the Asks for Evaluation sub-role of the teacher purposing prompting the
students for evaluating and judging their classmates, the students were able to attain

assessing other’s claims, arguments; judging and criticizing other’s observation
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reports; judging the credibility of data source; examining other’s ideas; judging
other’s deductions; judging other’s definitions as a part of highest levels of cognitive

pathways of their utterances (Grimberg & Hand, 2009).

A second explanation comes from interthinking as the proliferation of the student-
student interactions, particularly for Simple Machines and Fixed Pullies
implementations. To explain, in some particular ABI implementations where Asks
for Evaluation sub-role purposing prompting the students for evaluating and judging
their classmates were frequently played out by the teacher, the students were thinking
and talking with others. Beyond, the students did not only verbally and socially
interact with their classmates; they were also interthinking (Mercer, 2010) in the
presence of more student-student interactions. The concept of interthink means that
people carry into effect language to integrate their intellectual resources in virtue of a
common task such as social negotiation of meaning (Elbers, 1994; Middleton &
Edwards, 1990; O’Connor & Micheals, 1996). In the ABI implementations where the
teacher asked the students for evaluating and judging their classmates’ utterances, the
students were engaged in the intentional creation of common knowledge (Mercer,
2004). In this context, when assessing, evaluating, judging and criticizing their
classmates, the students took into their classmates’ information (e.g., their utterances,
arguments, ideas, examples, etc.) in order to progress the scope of the negotiations.
In other words, there had an associated or joint thinking and talking among the
students when the teacher asked students for evaluating and judging classmates’

utterances (Daniels, 2001; Mercer, 2010; Wertsch, 1985).

As shown in this study, presences and absences of the joint or associated thinking
and talking among the students were reflected substantially and positively to the
cognitive pathways of them. In other words, there was a contingency in the prior and
next utterances of the students, when the teacher did not any comment on the prior or
next utterances of the students. Rather, she invited the students to evaluate and judge
their classmates’ utterances. As a result, by playing out Asks for Evaluation sub-role

purposing prompting the students for evaluating and judging their classmates, the
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teacher was able to progress the negotiation of meaning by means of student-led

information.

The term as student-led information is came up with the third explanation. Duschl
and Gitomer (1997) advocated that “Teachers are not used to using student
information to guide and revise instructional decision making.” (p. 65). In contrast,
for the context of this study, particularly in Simple Machines and Fixed Pullies
implementations, the teacher was able to use student-led information to re-arrange
the flow of the negotiations. The teacher attained considering student-led information
in a distinctive sense from other studies, however. In the context of this study, the
contingencies of the interactions among the members of the class as the teacher and
the students were not mostly progressed by the efforts of the teacher. In the current
study, the students were charged with associating their classmates’ responses to

others to generate a common and shared knowledge (Mercer, 2004, 2010, 2014).

In the related literature, it has been found out that teachers should be able to use the
student-led information through for instance contingent questioning. Boyd and Rubin
(2006) reported that when participant teachers increased the contingency of their
questions, students were able to make more intellectual contributions to the
classroom discourse. Put it differently, Boyd and Rubins’s (2006) fine-grained
conversation analysis evidently verified the fact that the distinguishing characteristic
of teacher questions that elicited student discourse was found to be their contingency
on previous student-led utterances rather than whether they were characterized as

open-ended or seeking-for-information (close-ended) questions.

In this study, the contingency of teacher discursive roles had a different discursive
meaning, however. As mentioned, the teacher played out follow-up questioning as in
the form of Asks for Evaluation sub-role purposing prompting the students for
evaluating and judging their classmates. Then, the teacher was able to cut herself out
from the negotiations for a moment and just standing somewhere in the classroom

and carefully monitoring the pace and the flow of the contingent student-student
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discursive interactions until the negotiation was choked by the students. When the
contingency of negotiations among the students were deviated, the teacher was in
action for a while to remind the students a salient rule that they should use their
classmates’ information in order to maintain the negotiations. As an evident-based
sense, this was possible in the presence of the Asks for Evaluation sub-role

purposing prompting the students for evaluating and judging their classmates.

5.5 Presence or Absence of Authentic Cognitive Conflictions of the Students

As evidently presented in Findings section, when episode analysis and analysis of
researcher’s field notes and teacher interview are considered together, it was revealed
that there might be a close relation between the Asks for Evaluation role purposing
prompting the students for evaluating and judging their classmates’ utterances and
the student-led argument constructions. To illuminate, when the teacher played out
the Asks for Evaluation role purposing prompting the students for evaluating and
judging their classmates’ utterances in a more frequent and intentional way, the

student-led argument constructions were reached to highest points.

A further and in-depth analysis also showed that the relation between a specific
teacher discursive role (e.g., particularly Asks for Evaluation sub-role purposing
prompting the students for evaluating and judging their classmates’ utterances) and
argument constructions of the students could be effected from study-based contextual
factors: presence or absence of authentic cognitive conflictions of the students
occurred during the ABI implementations. In other words, the relation between the
Asks for Evaluation teacher discursive sub-role purposing prompting the students for
evaluating and judging their classmates’ utterances and the student-led argument
constructions was seemed to be modified and moderated by the presence(s) or
absence(s) of the authentic cognitive conflictions of the students. These points will

be discussed in the rest of this section.
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Particularly obtained from the analysis of the researcher’s field notes and teacher
interview, it was found out that during the ABI implementations, the absence or the
presence of the cognitive conflictions of the students that were mainly created by the
collective efforts of the teacher and the students, were substantially indicative
regarding the relation between the student-led argument constructions and Asks for
Evaluation sub-role. Particularly, embedded in the researcher’s field notes, for
instance during Fixed Pullies implementation, there was a clear cognitive confliction
for the students. The cognitive confliction was acknowledged by the students. The
students were of the idea that they might be able to resolve their conflictions by
means of data collection, analysis and interpretation. Then, the students generated
their arguments around their inquiry-based investigations (ABI). On the other hand,
in other ABI implementations; for example Surface Tension and Springs, there were
no notable and featured cognitive conflictions for the students to resolve and
convince their classmates that their solutions had been scientifically rational and

satisfactory.

In the presence of cognitive conflictions created under the guidance of the teacher,
the students were more motivated and triggering to make intellectual contributions as
in the forms of argument constructions. Otherwise, it was seemed impossible to go
further in the ABI implementations to generate data-based solutions to convince their
classmates. To illustrate, the students had no cognitive confliction to deal with and
readjust their understanding about a phenomena causing a cognitive challenge for
them. As a consequence, there was no need and reasons to write up valuable research
questions to research into, engage in experimental procedures to collect and analyze
data, or to present obtained findings to others in a convincing or

argumentative/evaluative sense.

An explanation of above-stated interpretations may come from the meanings of
argument generation in an ABI implementation. For the proponents of the ABI
approach, arguments do not exist until we (e.g., students) create them (Cavagnetto,

2010; Cavagnetto & Hand, 2012; Cavagnetto, Hand, & Norton-Meier, 2010; Prain &
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Hand, 1996). In other words, ABI should be perceived as an instructional approach
in which students eventually generate their arguments around an inquiry-based
activity (Cavagnetto, 2010; Cavagnetto & Hand, 2012).

In the current study’s ABI implementations, the students were engaged in data
collection, analysis and interpretation processes in order to create an argument. When
the students were contradicted by the counter-arguments of the teacher and their
classmates, they were of the idea that they had to generate stronger arguments or
counter-arguments in order to defense their claims and persuade others regarding the
validness their arguments or findings that were presented via or as arguments. To
support, according to Osborne (2012) all arguments should strictly consist of
resolution of problems or issues comes from contradictions. Bachelard (1968) made
a similar interpretation of constructing an argument as “Two people must first
contradict each other if they really wish to understand each other. Truth is the child
of argument, not of fond affinity.” (p. 114). When this is case, as Osborne (2012)
stated, the end goal of the creating an argument is essential to the resolution of

differences in the arguments or claims of the students in the ABI implementations.

For the current study, the differences in the arguments (e.g., claims, ideas) of the
students were more visible to the students through the Asks for Evaluation sub-role
of the teacher purposing prompting the students for evaluating and judging their
classmates’ utterances. In a chain reaction, when there was an acknowledged
cognitive contradiction during an ABI implementation (e.g., Fixed Pullies, Simple
Machines for the current study), this allowed a more evaluative and argumentative
classroom discourse context in which the students had to evaluate, judge, criticize
and rebut their classmates’ data-based and evidence-based arguments in the presence
of the Asks for Evaluation sub-role of the teacher purposing prompting the students

for evaluating and judging their classmates’ utterances.

Another explanation comes from van Eemeren and Grootendorst (2004) as they

defined argument construction as “verbal, social and rational activity aimed at
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convincing a reasonable critic of the acceptability of a standpoint by putting forward
a constellation of propositions justifying or refuting the proposition expressed in the
standpoint.” (p. 1). As embedded in van Eemeren and Grootendorst’s (2004)
interpretation, for an argument construction, there should be justification and
refutation procedures as substantially observed, for instance, in Simple Machines and
Fixed Pullies implementations in which the teacher was able to make available an
apparent conceptual, ontological or epistemological confliction for most of the class
members. The teacher made public the cognitive conflictions of the students by
means of the student-led evaluations and judgements that were more possible under
the guidance of the teacher’s particular discursive sub-role mentioned above. Put it
differently, the student-led evaluations and judgements were likely possible, attached
and functional in the presence of the Asks for Evaluation sub-role of the teacher
purposing prompting the students for evaluating and judging their classmates’

utterances.

To explicate, the purpose of the students in particular ABI implementations (e.g.,
Simple Machines and Fixed Pullies) was to justify their claims, rigorously defense
their claims against to refutations posed by their classmates. However, in these ABI
implementations, the main purpose of the students and the teacher were not to refute
or rebut a student’s idea (claim, argument) and eliminate her or his ideas from the
argument construction procedures. Instead, as a metaphor, the argument
constructions of the students in these ABI implementations were seemed to be a
process of brainstorming (Osborne, 2012). Particularly in Simple Machines and
Fixed Pullies implementations, an array of processes in which the students
exchanged their ideas with each other and attempted to evaluate and judge other’s
ideas, rather than imposing by one side of their views another. In this sense, a much
more positive perspective of argument construction was handled in, for instance,
Simple Machines and Fixed Pullies implementations. In this context, Cohen (1995)
proposed that an argument construction by the collective efforts of teacher and
students refers to a process of arguing for something without necessarily arguing or

debating against anybody. Put it differently, especially for Simple Machines and
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Fixed Pullies implementations, the basic end purpose of the students was to resolve
their own contradictions and defense their resolutions by making public their data-
based findings (evidences) to others. Once again, this was more possible under the
guidance of the teacher who was able to prompt her students for evaluating and
judging their classmates’ utterances. However, this argumentative or evaluative
classroom discourse context, as found in this study, was more likely when the
students were confronted with cognitive conflictions during particular ABI

implementations (e.g., Simple Machines and Fixed Pullies).

5.6 Implications for Teachers, Teaching and Professional Development of

Teachers

The findings of the current study were discussed above. Based on the interpretations
and discussions, there may be implications for teachers, teaching and professional
development programs for the sake of the learning, teaching and dissemination of the
ABI approach. Firstly, as mentioned above, a wide range of teacher discursive roles
were detected and defined. Teachers as the external readers of research materials
may gain an awareness pertaining to their routine and essential discursive roles for an
effective ABI implementation. Secondly, to achieve above-stated premier
pedagogical target, teachers should acquire the relevant combinations of more
monologic and more dialogic discursive roles detected in this study to cope with the
emergent qualities (everyday social languages of students) and structural qualities

(social languages of scientists and experts) of classrooms.

However, having the knowledge of the teachers’ discursive roles for an influential
ABI implementation is only a very basic beginning in the development of a
pedagogical lens for teachers to actualize a true co-construction of knowledge
through the co-operation of all the members of the class. To extend this idea,
Oliveira (2010) reported that many analytical parts of discursive roles of teachers
may be directly and explicitly taught to or shared with teachers in long-term

professional development programs. In Oliveira’s (2010) report, the teachers were
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introduced to analytical occurrences teacher-questioning patterns and acquainted
about the functioning of teacher-questioning patterns (e.g., open-ended, close-ended,
managerial, etc.). This teacher-training program provided teachers with knowledges
and skills to advance their in-class questioning and, more importantly, they (the
participatory teachers) became pedagogically aware of the discursive power and

pedagogical meaning of teacher questioning.

Thirdly, based on the findings of this study, it is revealed that there were both
analytical and holistic perspectives of an ABI implementation, in terms of the
relations between the teacher discursive roles and the students’ cognitions. In an
analytical sense, some specified and featured discursive roles (e.g., asks for
evaluation and its other qualities) were found to be essential to carry out an ABI
implementation in a more proliferating manner in terms of student-led intellectual
contributions to the classroom discourse. In a holistic perspective, for instance, the
absence or the presences of the cognitive conflictions of the students were found to
be crucially effective in delivering the value and power to the teacher discursive
roles. In this context, these and other related salient points can be shared with
teachers and be subjected to be a part of longitudinal professional development
programs aiming at an intersection of argument, inquiry and language such as ABI

approach.

Some specified discursive roles of the teacher (e.g., appropriate uses of asks for
evaluation roles) were responsible in increasing the intellectual contributions of the
students to the classroom discourse, some others were functioned in a contrast
manner (e.g., overuses of evaluative and knowledge provider teacher discursive
roles) across the ABI implementations. In this sense, when teachers witness that
proposed discursive strategies during professional development programs are
contributing to students’ cognitive outcomes, they are liable to engage in those
programs and undertake substantial responsibilities for newly introduced discursive
roles (Clandinin & Connelly, 1995; Cochran-Smith & Zeichner, 2005; Cochran-

Smith, 2006; Cochran-Smith & Lytle, 1993, 2009; Spovitz & Turner, 2000). In this
280



context, as a chained sense, first a teacher learns, and students learn as the teacher
learns more (Guskey, 2002; Huberman, 1995). As an implication, if a teacher is
convinced that his or her particular discursive roles may influence the student-led
cognitive contributions to classroom discourse negatively or positively, she or he
may be more motivated and engaged to be a part of professional development

programs aiming at enhancing their contributing discursive roles.

5.7 Limitations of This Research and Implications for Future Research

In this study, the collected data was analyzed by means of coding and counting, then,
episode analysis and finally the analysis of field notes and member check teacher
interview were attained. These procedures provided an in-depth exploration of the
gathered data in characterizing the relations between the teacher discursive roles and
the students’ cognitions. In essence, frequencies and percentiles of the occurrences of
the teacher discursive roles and the students’ cognitive contributions to the classroom
discourse were presented; verbal interactions between the teacher and the students
were extracted and presented, and additional data sources as field notes and teacher
interview were narrated by taking the requirements of an ABI implementation into

account.

Within the scope of this study, some of the teacher discursive roles were found to be
associated with higher intellectual contributions of the students to the classroom
discourse. In addition, some other teacher discursive roles were also found to be
diminishing with regards to the students’ cognitive contributions to the classroom
discourse. In this study, however, the relations between the teacher discursive roles
and students’ cognition were derived from the implicit analysis approaches such as
coding, counting, episode analysis and additional data analysis. Thus, this study’s
findings do not represent causational relations between the teacher discursive roles
and the students’ cognitions; even though there were several confirmatory and

compensatory analysis techniques and findings.
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For instance, in this study, there were found and evident relations between the
teacher discursive roles and the student-led contributions to the classroom discourse.
However, these relations do not guarantee statistical or causational ones; that kind of
causal relations may be captured by means of lag sequential analysis (LSA)
techniques (Bakeman & Gottman, 1997; Bakeaman & Quera, 2011). LSA techniques
simply provide a behavior’s dependency to other behavior in a causal manner. In
terms of instructional context, a LSA technique can be used for the analysis of a
teacher discursive role’s causal impact on a student’s response’s cognitive level. In
this sense, more causal statements for the relations between teacher discursive roles

and students’ cognitions can be statistically produced.

A technical barrier occurred in this study in terms of (lag) sequential analysis
techniques was, for instance, more data was needed to cope with 20 distinctive
themes characterizing teacher discursive roles. When the types of themes regarding
student-led cognitive contributions were added to teacher discursive roles in order to
explicate the relations between teacher discursive roles and students’ cognitions,

more than 30 themes had been created for a LSA analysis for the sake of this study.

Conducting LSA with 30 themes needed many events. Technically, performing a
valid and reliable lag sequential analysis on this number of themes would require
5xK™! (a valid calculation) discursive exchanges where K is the number of themes
and | is the number of lags examined (lag +1 are two move chains [teacher>student],
lag +2 yield three move chains  [teacher>student>teacher  or
teacher>student™>student?], etc.). Therefore, analyzing 30 themes at lag +2 would
require 135,000 and lag +3 would require over four million exchanges that were truly
impossible for most research in this filed. Perhaps, some salient theory-driven and
data-based themes for both teachers’ discursive roles and students’ cognitive
operations were selected to run a narrower lag sequential analysis. However, it might
cause to lose some important pieces of the data while interpreting some illustrating

findings.
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There are three studies (i.e., Jadallah, et. al., 2011; Molinari et al., 2013; Lefstein, et
al. 2015) including LSA techniques to make causal inferences regarding the relations
between the teacher discursive roles and the students’ responses, but not the
cognitive operations as their intellectual contributions. For further research,
therefore, both sociocultural discourse analysis and LSA techniques can be used in
order to make more reliable and valid inferences regarding the dependency of the

students’ cognitions on the teacher discursive roles.

283



REFERENCES

Aguiar, O. G., Mortimer, E. F., & Scott, P. (2010). Learning from and responding to
students’ questions: The authoritative and dialogic tension. Journal of
Research in Science Teaching, 47(2), 174-193.

Akkus, R., Gunel, M., & Hand, B. (2007). Comparing an inquiry based approach
known as the Science Writing Heuristic to traditional science teaching
practices: Are there differences? International Journal of Science Education,
29, 1745-1765.

Alexander, R. J. (2001). Culture and pedagogy: International comparisons in
primary education. Oxford: Blackwell.

Alexander, R.J. (2006). Towards dialogic teaching: Rethinking classroom talk. New
York, NY: Dialogos.

Anderson, R. D. (2002). Reforming science teaching: what research says about
inquiry? Journal of Science Teacher Education, 13(1), 1-12.

Bachelard, G. (1968). The Philosophy of No. Paris: Paris University Press.

Bakeman, R. & Gottman, J.M. (1997). Observing Interaction: An Introduction to
Sequential Analysis (2nd edn). Cambridge: Cambridge University Press.

Bakeman, R. & Quera, V. (2011). Sequential analysis and observational methods for
the behavioural sciences. Cambridge: Cambridge University Press.

Bakhtin, M. M (1934). Discourse in the novel. The dialogic imagination: Four
essays (Trans. Michael Holquist and Caryl Emerson). Austin: University of
Texas.

284



Bakhtin, M. M. (1981). The dialogic imagination: four essays by M. M. Bakhtin, Ed.
Micheal Holquist (Trans. Caryl Emerson and Micheal Holquist). University of
Texas Press: Austin.

Bakhtin, M. M. (1986). Speech genres & other late essays (Caryl Emerson and
Michael Holquist, Ed. and Vern W. McGee, trans). Austin: University of Texas
Press.

Ball, D. L. (1990). Reflections and deflections of policy: The case of Carol Turner.
Educational Evaluation and Policy Administration, 12, 247-259.

Ball, D. L., & Cohen, D. K. (1999). Developing practice, developing practitioners:
Towards a practice-based theory of professional education. In L. Darling-
Hammond & G. Sykes (Ed.), Teaching as the learning profession: Handbook
of policy and practice (pp. 3-32). San Francisco: Jossey-Bass.

Barnes, D. (2008). Exploratory talk for learning. In N. Mercer & S. Hodgkinson
(Eds.), Exploring Talk in School (pp. 1-15). London: Sage.

Bell, B., & Gilbert, J. (1996). Teacher development: A model from science education.
London: Routledge Falmer.

Berland, L. K., & Hammer, D. (2012). Framing for Scientific Argumentation.
Journal of Research in Science Teaching, 49(1), 68-94.

Billig, M. (1987). Arguing and thinking: A rhetorical approach to social psychology.
Cambridge: Cambridge University Press.

Bigss, J. B. & Collis, K. F. (1982). Evaluating the Quality of Learning: the SOLO
taxonomy. New York: Academic Press.

Borko, H., & Putnam, R. (1995). Expanding a teachers’ knowledge base: A cognitive
psychological perspective on professional development. In T. Guskey & M.
Huberman (Eds.), Professional development in education: New paradigms and
practices (pp. 35-66). New York: Teachers College Press.

285



Borko, H. (2004). Professional Development and Teacher Learning: Mapping the
Terrain. Educational Researcher, 33(8), 3-15.

BouJaoude, S. (2002). Balance of scientific literacy themes in science curricula: The
case of Lebanon. International Journal of Science Education, 24, 139-156.

Boulter, C. J., & Gilbert, J. K. (1995). Argument and science education. In P. J.
Costello, & S. Mitchell (Eds.), Competing and Consensual Voices (pp. 84-98).
Clevedon, UK: Multilingual Matters.

Boyd, M., & Rubin, D. (2006). How contingent questioning promotes extended
student talk: a function of display questions. Journal of Literacy Research,
38(2), 141-169.

Brophy, J., & Good, T. L. (1986). Teacher behavior and student achievement. In M.
C. Wittrock (Ed.), Handbook of research on teaching (pp. 328-375). New
York: Macmillan.

Brown, D., & Clement, J. (1991). Classroom teaching experiments in mechanics. In
Duit, R., Goldberg, F., & Niedderer, H. (Editors), Research in Physics
Learning: Theoretical and Empirical Studies. Kiel, Germany: IPN.

Brown, K., & Kennedy, H. (2011). Learning through conversation: exploring and
extending teacher and children’s involvement in classroom talk. Social
Psychology International, 32(4), 377-396.

Bruner, J. (1983). Child’s talk: Learning to use language. New York: Norton.

Bruner, J. (1985). Vygotsky: A historical and conceptual perspective. In Wertsch, J.
(Ed.), Culture, communication and cognition: Vygotskian perspectives.
Cambridge University Press: England.

Bruner, J. (1990). Acts of meaning. Cambridge, Mass.: Harvard University Press.

286



Burns, C., & D. Myhill. 2004. Interactive or inactive? A consideration of the nature
of interaction in whole class teaching. Cambridge Journal of Education 34, 35-
49,

Buty, C., & Mortimer, E.F. (2008). Dialogic/authoritative discourse and modeling in
a high school teaching sequence on optics. International Journal of Science
Education, 30(12), 1635-1660.

Candela, A. (2005). Students’ participation as co-authoring of school institutional
practices. Culture & Psychology, 11, 321-337.

Carlsen, W.S. (1991). Questioning in classrooms: A sociolinguistic perspective.
Educational Research, 61, 157-178.

Cavagnetto, A. R. (2010). Argument to foster scientific literacy: A review of
argument interventions in K-12 science contexts. Review of Educational
Research, 80(3), 336-371.

Cavagnetto, A., Hand, B. M., & Norton-Meier, L. (2010). The Nature of Elementary
Student Science Discourse in the Context of the Science Writing Heuristic
Approach. International Journal of Science Education, 32(4), 427-449.

Cavagnetto, A., & Hand, B. M., (2012). The Importance of Embedding Argument
Within Science Classrooms. In M.S. Khine (ed.), Perspectives on Scientific
Argumentation, Springer Science+Business Media B.V. 2012 (pp. 39-53).

Cazden, C. (1988). Classroom discourse: The language of teaching and learning.
Portsmouth, NH: Heinemann.

Chan, C. C., Hong, J. H. & Chan, M. Y. C. (2001). Applying the Structure of the
Observed Learning Qutcomes (SOLO) taxonomy on student’s learning
outcomes: a comparative review, (Unpublished manuscript, Hong Kong, Hong
Kong Polytechnic University).

Chi, M. T. H. (2008). Three types of conceptual change: Belief revision, mental
model transformation, and categorical shift. In S. Vosniadou (Ed.),
International handbook of research on conceptual change, (pp. 61-82). New
York: Routledge.

287



Chick, H. (1998) Cognition in the formal modes: research mathematics and the
SOLO taxonomy, Mathematics Education Research Journal, 10(2), 4-26.

Chin, C. (2006). Classroom interaction in science: Teacher questioning and feedback
to students’ responses. International Journal of Science Education, 28, 1315-
1346.

Chin, C. (2007). Teacher questioning in science classrooms: Approaches that
stimulate productive thinking. Journal of Research in Science Teaching, 44(6),
815-843.

Chinn, C. A., & Brewer, W. F. (1993b). Factors that influence how people respond
to anomalous data. Proceedings of the Fifteenth Annual Conference of the
Cognitive Science Society, (pp. 318-323). Hillsdale, NJ: Erlbaum.

Chinn, C. A., & Malhotra, B. A. (2002). Epistemologically authentic inquiry in
schools: A theoretical framework for evaluating inquiry tasks. Science
Education, 86, 175-218.

Christodoulou, A., & Osborne, J. (2014). The science classroom as a site of
epistemic talk: A case study of a teacher's attempts to teach science based on
argument. Journal of Research in Science Teaching, 51(10), 1275-1300.

Clandinin, D.J. & Connelly, F.M. (Eds.) (1995). Teachers’ professional knowledge
landscapes. New York: Teachers College Press.

Cochran-Smith, M., & Lytle, S. L. (1993). Inside/outside: Teacher research and
knowledge. New York, NY: Teachers College Press.

Cochran-Smith, M., & Zeichner, M. (2005). Studying teacher education. The Report
of the AERA Panel on research and teacher education. Mahwah, NJ: Published
for the American Educational Research Association by Lawrence Erlbaum
Associates.

Cochran-Smith, M. (2006). Policy, practice, and politics in teacher education:
Editorials from the Journal of Teacher Education. Thousand Oaks, CA:
Corwin Press.

288



Cochran-Smith, M., & Lytle, S. L. (2009). Inquiry as stance: Practitioner research
for the next generation. New York, NY: Teachers College Press.

Clark, D. B., & Sampson, V. D. (2007). Personally-seeded discussions to scaffold
online argumentation. International Journal of Science Education, 29(3), 253-
277.

Cohen, D. (1995). Argument is war....and war is hell: Philosophy, education, and
metaphors for argumentation. Informal Logic, 17, 177-188.

Crawford, B.A. (2000). Embracing the essence of inquiry: New roles for science
teachers. Journal of Research in Science Teaching, 37, 916-937.

Creswell, J. W., & Miller, D. L. (2000). Determining validity in qualitative inquiry.
Theory Into Practice, 39(3), 124-130.

Creswell, J. W. (2007). Qualitative inquiry and research design: Choosing among
five traditions (2nd Ed.). Thousand Oaks, CA: Sage Publications, Inc.

Daniels, H. (2001) Vygotsky and Pedagogy. London: Routledge/Falmer.

Dawson, V. M., & Venville, G. (2010). Teaching strategies for developing students'
argumentation skills about socioscientific issues in high school genetics.
Research in Science Education, 40, 133-148.

Driver, R., Newton, P., & Osborne, J. (2000). Establishing the norms of scientific
argumentation in classrooms. Science Education, 84, 287-312.

Duit, R., & Treagust, D. (1998). Learning science: From behaviourism towards
social constructivism and beyond. In B. J. Fraser & K. G. Tobin (Eds.),
International handbook of science education (pp. 3-25). Dordrecht, The
Netherlands: Kluwer.

Duschl, R.A., & Gitomer, D. H. (1997). Strategies and challenges to changing the
focus of assessment and instruction in science classrooms. Educational
Assessment, 4(1), 37-73.

289



Duschl, R., & Osborne, J. (2002). Supporting and promoting argumentation
discourse. Studies in Science Education, 38, 39-72.

Duschl, R. A. (2008). Quality argumentation and epistemic criteria. In S. Erduran, &
M. P. Jiménez-Aleixandre (Eds.), Argumentation in science education:
Perspectives from classroom-based research (pp. 159-175). Dordrecht:
Springer.

Eastman, C. M. (1975). Aspects of language and culture. San Francisco: Chandler &
Sharp.

Edwards, D., & Mercer, N. (1987). Common knowledge: The development of
understanding in the classroom. London: Methuen.

Edwards, A. D., & Westgate, D. P. G. (1994). Investigating classroom talk. London,
UK: Falmer Press.

Elbers, E. (1994) Sociogenesis and children’s pretend play: a variation on
Vygotskian themes. In W. de Graaf and R. Maier (Eds), Sociogenesis Re-
examined. New York: Springer.

Elstgeest, J. (1985). The right question at the right time. In W. Harlen (Ed.), Primary
science: Taking the plunge (pp. 36-46). Oxford, UK: Heinemann.

Engle, R. A., & Conant, F. R. (2002). Guiding principles for fostering productive
disciplinary engagement: Explaining an emergent argument in a community of
learners classroom. Cognition and Instruction, 20, 399-484.

Ennis, R.H. (1985). Critical thinking and the curriculum. National Forum: Phi
Kappa Phi Journal, 65(1), 28-31.

Ennis, R. H. (1992). Critical thinking: What is it? In H. A. Alexander (Ed.),
Philosophy of education 1992. Proceedings of the forty-eighth annual meeting
of the Philosophy of  Education Society (pp. 76-80). Urbana, IL: Philosophy
of Education Society.

290



Erduran, S., Simon, S., & Osborne, J. (2004). TAPping into argumentation:
Developments in the application of Toulmin’s argument pattern for studying
science discourse. Science Education, 88, 915-933.

Frances, C. (2002). Classroom discourse analysis. London: Book Ens Ltd.

Fraser, B. J., Tobin, K. G., & McRobbie, C. J. (2012). International handbook of
science education (Part one). Springer Dordrecht Heidelberg: London, New
York.

Fullan, M. (2000). The return of large-scale reform. Journal of Educational Change,
1, 5-28.

Furtak, E. M., Hardy, I., Beinbrech, C., Shavelson, R. J. & Shemwell, J. T. (2010). A
Framework for Analyzing Evidence-Based Reasoning in Science Classroom
Discourse, Educational Assessment, (15), 3-4, 175-196.

Fowler, S., Zeidler, D., & Sadler, T. (2009). Moral sensitivity in the context of
socioscientific issues in high school science students. International Journal of
Science Education, 31(2), 279-296.

Gee, J. P. and Green, J. (1998) Discourse analysis, learning and social practice: a
methodological study. Review of Research in Education 23, 119-169.

Gee, J. P. (2004). Language in the science classroom: Academic social languages as
the heart of school-based literacy. In E.W. Saul (Ed.), Crossing borders in
literacy and science instruction: Perspectives on theory and practice (pp. 13-
32). Arlington, VA: NSTA Press.

Goulding, C. (1999). Grounded theory: Some reflections on paradigm, procedures
and misconceptions. Working paper series, WP006/99, Wolverhampton:
University of Wolverhampton. Retrieved from:
http://www.wlv.ac.uk/PDF/uwbs_WP006- 99%20Goulding.pdf

Griffin, P., & Cole, M. (1984). Current activity for the future: The Zo-Ped. In
Rogoff, B., & Wertsch, J. (eds.), Children’s learning in the zone of the
proximal development, (pp. 45-64). San Francisco: Jossey-Bass.

291


http://www.wlv.ac.uk/PDF/uwbs_WP006-

Grimberg, B. I. & Hand, B. (2009) Cognitive Pathways: Analysis of students' written
texts for science understanding. International Journal of Science Education,
31(4), 503-521.

Gunel, M. (2006). Investigating the impact of teachers’ implementation practices on
academic achievement in science during a long-term professional development
program on the Science Writing Heuristic. Unpublished PhD thesis, lowa State
University.

Guskey, T. R. (2002). Professional Development and Teacher Change. Teachers and
Teaching: Theory and Practice, 8 (3): 381-391.

Halliday, M. A. K., & Martin, J. R. (1993). Writing science: Literacy and discursive
power. London: Falmer Press.

Hand, B., & Keys, C. (1999). Inquiry investigation. The Science Teacher, 66(4), 27-
29.

Hand, B., & Prain, V. (2006). Moving from crossing borders to convergence of
understandings in promoting science literacy. International Journal of Science
Education, 28, 101-107.

Hand, B. (2008). Science inquiry, argument and language: The case for the science
writing Heuristic, Taiwan: Sense.

Hardy, 1., Kloetzer, B., Moeller, K. & Sodian, B. (2010). The Analysis of Classroom
Discourse: Elementary School Science Curricula Advancing Reasoning With
Evidence, Educational Assessment, (15), 3-4, 197-221.

Hattie, J.A.C., & Brown, G.T.L. (2004, September). Cognitive processes in asTTle:
The SOLO taxonomy. asTTle Technical Report #43, University of
Auckland/Ministry of Education.

Hoban, G. (2002). Teacher learning for educational change. Buckingham, UK:
OpenUniversity Press.

292



Hogan, K., Nastasi, B. K., & Pressley, M. (2000). Discourse patterns and
collaborative scientific reasoning in peer and teacher-guided discussions.
Cognition and Instruction, 17(4), 379-432.

Hogan, K., & Maglienti, M. (2001). Comparing the epistemological underpinnings of
students and scientists’ reasoning about conclusions. Journal of Research in
Science Teaching, 38, 663-687.

Hohenshell, L., & Hand, B. (2006). Writing-to-learn strategies in secondary school
cell biology. International Journal of Science Education, 28, 261-289.

Howe, C., & Abedin, M. (2013). Classroom dialogue: A systematic review across
four decades of research. Cambridge Journal of Education, 43, 325-356.

Huberman, M. (1995). Professional careers and professional development: some
intersections, in: T. R. Guskey & M. Huberman (Eds). Professional
Development in Education: new paradigms and practices (pp. 193-224). New
York, Teachers College Press.

Hutchison, P., & Hammer, D. (2010). Attending to student epistemological framing
in a science classroom. Science Education, 94(3), 506-524.

Jadallah, M., Anderson, R. C., Nguyen-Janiel, K., Miller, B. W., Kim, I. H., Kuo, L.
J. (2011). Influence of a teacher's scaffolding moves during child-led small-
group discussion. American Educational Research Journal, 48(1), 194-230.

Jiménez-Aleixandre, M. P., & Erduran, S. (2008). Argumentation in science
education: An overview. In S. Erduran, & M. P. Jiménez-Aleixandre (Eds.),
Argumentation in science education: Perspectives from classroom-based
research (pp. 3-27). Dordrecht: Springer.

Johnson, C. C. (2006). Effective Professional Development and Change in Practice:
Barriers Science Teachers Encounter and Implications for Reform. School
Science and Mathematics, 106(3), 150-161.

293



Kawalkar, A., & Vijapurkar, J. (2013). Scaffolding science talk: The role of teachers'
questions in the inquiry classroom. International Journal of Science Education,
35(12), 2004-2027.

Kelly, G. J., & Duschl, R. A. (2002). Toward a research agenda for epistemological
studies in science education. Paper presented at the annual meeting of the
National Association for Research in Science Teaching, New Orleans, LA.

Kelly, G. J., & Takao, A. (2002). Epistemic levels in argument: An analysis of

university oceanography students’ use of evidence in writing. Science
Education, 86(3), 314-342.

Keogh, B., & Naylor, S. (1999). Concept cartoons, teaching and learning in science:
An evaluation. International Journal of Science Education, 21(4), 431-446.

Keys, C., Hand, B., Prain, V., & Collins, S. (1999). Using the science writing
heuristic as a tool for learning from laboratory investigations in secondary
school. Journal of Research in Science Teaching, 36(10), 1065-1084.

Kielborn, T.L., & Gilmer, P.J. (Eds.) (1999). Meaningful science: Teachers doing
inquiry teaching science. Tallahassee, FL: SERVE.

Klein, P. D. (2006). The challenges of scientific literacy: From the viewpoint of
second-generation cognitive science. International Journal of Science
Education, 28, 143-178.

Knorr-Cetina, K. (1999). Epistemic cultures: How the sciences make knowledge.
Cambridge, MA: Harvard University Press.

Kress, G., Ogborn, J., Jewitt, C., & Tsatsarelis, C. (1998). Rhetorics of the science
classroom: a multimodal approach. Mid-project consultative meeting texts.
Institute of Education, University of London.

Kuhn, D. (1991). The skills of argument. New York: Cambridge University Press.

294



Kuhn, D. (1993). Science as argument: Implications for teaching and learning
scientific thinking. Science Education, 77(3), 319-337.

Kuhn, D., & Udell, W. (2003). The development of argument skills. Child
Development, 74, 1245-1260.

Lawson, A. E. (2010). Basic inferences of scientific reasoning, argumentation, and
discovery. Science Education, 94, 336-364.

Lake, D. (1999) Helping students to go SOLO: teaching critical numeracy in the
biological sciences. Journal of Biological Education, 33(4), 191-198.

Lam, S., Law, Y., Shum, M. S. (2009). Classroom discourse analysis and educational
outcomes in the era of educational reform. British Journal of Educational
Psychology, 79, 617-641.

Latour, B., & Woolgar, S. (1986). Laboratory life: The construction of scientific
facts. Princeton, NJ: Princeton University Press.

Leach, J., & Scott, P. (1995). The demands of learning science concepts: issues of
theory and practice. School Science Review, 76(277), 47-52.

Leach, J., & Scott, P. (2000). The concept of learning demand as a tool for designing
teaching sequences. Paper prepared at the meeting research-based teaching
sequences, Université Paris VII, France, November 2000.

Leach, J. T., & Scott, P. H. (2002). Designing and evaluating science teaching
sequences: An approach drawing upon the concept of learning demand and a
social constructivist perspective on learning. Studies in Science Education, 38,
115-142.

Lefstein, A. (2008). Changing classroom practice through the English National
Literacy Strategy: A micro-interactional perspective. American Educational
Research Journal, 45, 701-737.

295



Lefstein, A. (2008). Changing classroom practice through the English national
literacy strategy: A micro-interactional perspective. American Educational
Research Journal, 45, 701-737.

Lefstein, A., Snell, J, &, Israeli, M. (2015). From moves to sequences: expanding the
unit of analysis in the study of classroom discourse. DOI: 10.1002/berj.3164

Lemke, J. L. (1990). Talking science: Language, learning and values. Norwoord, NJ:
Ablex.

Levinson, S. C. (1983). Pragmatics. Cambridge, England: Cambridge University
Press.

Levitt, K. E. (2001). An analysis of elementary teachers’ beliefs regarding the
teaching and learning of science. Science Education, 86, 1-22.

Lin, A. M. Y. (2007). What’s the use of “triadic dialogue”? Activity theory,
conversation  analysis and analysis of pedagogical practices. Pedagogies,
2(2), 77-94.

Lincoln, Y., & Guba, E. (1985). Naturalistic inquiry. Beverly Hills, CA: Sage.

Lincoln, Y. S., & Guba, E. G. (2000). Paradigmatic controversies, contradictions,
and emerging confluences. In N. K. Denzin & Y. S. Lincoln (Eds.), Handbook
of qualitative reearch (2nd ed., pp. 163-188). Thousand Oaks, CA: Sage.

Louca, L. T., Zacharia, Z. C., & Tzialli, D. (2012) Identification, interpretation-
evaluation, response: An alternative framework for analyzing teacher discourse
in science. International Journal of Science Education, 34(12), 1823-1856.

Lyle, S. (2008). Dialogic teaching: Discussing theoretical contexts and reviewing
evidence from classroom practice. Language and Education: An International
Journal, 22, 222-240.

296



Mameli, C., & Molinari, L. (2013). Interactive micro-processes in classroom
discourse: turning points and emergent meanings. Research Papers in
Education, 28(2), 196-211.

Marshall, C., & Rossman, G. B. (2011). Designing qualitative research (5th Ed.).
Sage.

Martin, A. M., & Hand, B. (2009). Factors affecting the implementation of argument
inthe elementary science classroom. A longitudinal case study. Research in
Science Education, 39, 17-38.

Mason, L. (1996). An analysis of children’s construction of new knowledge through
their use of reasoning and arguing in classroom discussions. International
Journal of Qualitative Studies in Education, 9(4), 411-433.

Maybin, J., Mercer, N., & Stierer, B. (1992). Scaffolding learning in the classroom.
In: K. Norman (Ed.), Thinking voices: The work of the National Oracy Project.
Hodder and Stoughton, London.

McDermott, L. and Somers, M. (1991). Building a research base for curriculum
development: an example from mechanics. In F. Goldberg and H. Niedderer
(Editors): Research in physics learning: theoretical and empirical studies.
Kiel, Germany: IPN.

McMahon, K. (2012). Case studies of interactive whole-class teaching in primary
science: communicative approach and pedagogic purposes, International
Journal of Science Education, 34(11), 1687-1708.

McNeill, K., Lizotte, D., Krajcik, J., & Marx, R. (2006). Supporting students’
construction of scientific explanations by fading scaffolds in instructional
materials. Journal of the Learning Sciences, 15(2), 153-191.

McNeill, K. L., & Krajcik, J. (2008). Scientific explanations: Characterizing and
evaluating the effects of teachers’ instructional practices on student learning.
Journal of Research in Science Teaching, 45(1), 53-78.

McNeill, K. L. (2009). Teachers’ use of curriculum to support students in writing
scientific arguments to explain phenomena. Science Education, 93(2; 2), 233-
268.

297



McNeill, K. L., & Pimentel, D. S. (2010). Scientific Discourse in Three Urban
Classrooms: The Role of the Teacher in Engaging High School Students in
Argumentation. Science Education, 94, 203-229.

Mehan, H. (1979). Learning lessons. Cambridge, MA: Harvard University Press.

Mercer, N. (1995). The guided construction of knowledge. Clevedon: Multilingual
Matters.

Mercer, N. (2000). Words and minds: how we use language to think together.
London: Routledge.

Mercer, N. (2004). Sociocultural discourse analysis: analysing classroom talk as a
social mode of thinking. Journal of Applied Linguistic, 1(2), 137-168.

Mercer, N. (2010). The analysis of classroom talk: Methods and methodologies.
British Journal of Educational Psychology, 80, 1-14.

Mercer, N. & Dawes, L. (2014). The study of talk between teachers and students,
from the 1970s until the 2010s. Oxford Review of Education, 40(4), 430-445.

Merriam, S.B. (1998). Qualitative research and case study applications in
education: Revised and expanded from case study research in education. San
Francisco: Jossey-Bass.

Middleton, D. and Edwards, D. (1990) Conversational remembering: a social
psychological approach. In D. Middleton and D. Edwards (eds) Collective
Remembering. London: Sage.

Miles, M. B., & Huberman, A. M. (1994). Qualitative data analysis. Thousand Oaks,
CA: Sage.

Miller, P. H. (2002). Theories of developmental psychology (4th ed.). New York:
Worth.

Ministry of National Education [MoNE] (2004a). Mufredat Gelistirme Sureci:
Program Gelistirme Modeli Cercevesinde Yapilan Calismalar (Curriculum

298



Development Process: Activities Conducted around the Curriculum
Development Model). Ankara, Turkey: MNE.

Ministry of National Education [MoNE] (2004b). Tebligler Dergisi (Official Bulletin
of MoNE), 67(2562), Ankara, Turkey: MoNE.

Ministry of National Education [MoNE] (2004c). Tebligler Dergisi (Official Bulletin
of MoNE), 67(2563), Ankara, Turkey: MoNE.

Ministry of National Education [MoNE] (2004d). Tebligler Dergisi (Official Bulletin
of MoNE),67(2566), Ankara, Turkey: MoNE.

Ministry of National Education [MoNE] (2005). ilkégretim fen ve teknoloji dersi
ogretim programi (6-8. swmiflar). Ankara, Turkey, MoNE. 67(2566), Ankara,
Turkey: MoNE.

Mitzel, H. E. (1960). Teacher effectiveness. In. C. W. Harris (Ed.), Encyclopaedia of
educational research. New York: Macmillan.

Mohammad, E. G. (2007). Using the science writing heuristic approach as a tool for
assessing and promoting students’ conceptual understanding and perceptions in
the general chemistry laboratory ProQuest Dissertations and Theses; Thesis
(Ph.D.)-lowa State ~ University, 2007.; Publication Number: AAI13274832;
ISBN: 9780549148166; Source: Dissertation Abstracts International, VVolume:
68-07, Section: A, page: 2792.; 143 p.

Molinari, L., C. Mameli, & A., Gnisci (2013). A sequential analysis of classroom
discourse in Italian primary schools: The many faces of the IRF pattern. British
Journal of Educational Psychology, 83, 414-430.

Mortimer, E.F. (1998). Multivoicedness and univocality in classroom discourse: An
example from theory of matter. International Journal of Science Education, 20,
67-82.

Mortimer, E. F., & Scott, P. H. (2000). Analysing discourse in the science classroom.
In J. Leach, R. Millar, & J. Osborne (Eds). Improving science education: The
contribution of research. Milton Keynes, UK: Open University Press.

299



Mortimer, E. F. & Machado, A. H. (2000). Anomalies and conflicts in classroom
discourse. Science Education, 84, 429-444.

Mortimer, E., & Scott, P. (2003). Meaning making in secondary science classrooms.
Maidenhead, England: Open University Press.

Moshman, D. (1987). Pluralist rational constructivism. Issues in Education:
Contributions from Educational Psychology, 3, 229-234.

Myhill, D. (2006). Talk, talk, talk: Teaching and learning in whole class discourse.
Research Papers in Education, 21(1), 19-41.

National Research Council. (1996). National science education standards.
Washington, DC: National Academy Press.

National Research Council. (2000). Inquiry and the national science education
standards: A guide for teaching and learning. Washington, DC: National
Academy Press.

Norris, S. P., & Phillips, L. M. (1994). Interpreting pragmatic meaning when reading
popular reports of science. Journal of Research in Science Teaching, 31(9),
947-967.

O’Connor, C. and Michaels, S. (1996) Shifting participant frameworks: orchestrating
thinking practices in group discussion. In D. Hicks (ed.) Discourse, Learning
and Schooling. Cambridge: Cambridge University Press.

OECD. (2009a). Creating effective teaching and learning environments: First results
from TALIS. Paris: OECD.

OECD. (2009b). Education at a glance 2009. Paris: OECD.

Ogborn, J., Kress, G., Martins, 1., & McGillicuddy, K. (1996). Explaining science in
the classroom. Buckingham: Open University Press.

300



Oh, P. S. (2005). Discursive roles of the teacher during class sessions for students
presenting their science investigations. International Journal of Science
Education, 27(15), 1825-1851.

Oh, P. S. (2010). How can teachers help students formulate scientific hypotheses?
Some strategies found in abductive inquiry activities of earth science.
International Journal of Science Education, 32(4), 541-560.

Oh, P.S., & Campbell, T. (2013). Understanding of science classrooms in different
countries through the analysis of discourse modes for building ‘classroom
science knowledge’ (CSK). Journal of Korean Association for Science
Education, 33(3), 597-625.

Oliveira, A. W., (2010). Improving teacher questioning in science inquiry
discussions through professional development. Journal of Research in Science
Teaching, 47(4), 422-453.

Orsolini, M., & Pontecorvo, C. (1992). Children’s talk in classroom discussions.
Cognition and Instruction, 9(2), 113-136.

Osborne, J., Erduran, S., & Simon, S. (2004). Enhancing the quality of
argumentation in school science. Journal of Research in Science Teaching,
41(10), 994-1020.

Osborne, J. (2010). Arguing to learn in science: The role of collaborative, critical
discourse. Science, 328(5977), 463-466.

Osborne, J. (2010). The Role of Argument: Learning How to Learn in School
Science. In B.J. Fraser et al. (eds.), Second International Handbook of Science
Education, Springer International Handbooks of Education, Springer
Science+Business Media B.V.

Pajares, M. F. (1992). Teachers’ beliefs and educational research: Cleaning up a
messy construct. Review of Educational Research, 62(3), 307-332.

Patton, M. (2001). Qualitative evaluation and research methods (3rd ed.). Newbury
Park, CA: Sage.

301



Piaget, J. (1971). Biology and Knowledge. Edinburgh, UK, Edinburgh Press.

Pimentel, D. S. & McNeill, K. L. (2013). Conducting talk in science classrooms:
Investigating instructional moves and teachers’ beliefs. Science Education,
97(3), 367-394.

Poock, J. A., Burke, K. A., Greenbowe, T. J.,, & Hand, B. M. (2007) Using the
Science Writing Heuristic to improve students’ academic performance. Journal
of Chemical Education, 84, 1371-1379.

Posner, G. J., Srtike, K. A., Hewson, P. W., & Gertzog, W. A. (1982).
Accommodation of a scientific conception: toward a theory of conceptual
change. Science Education, 66(2), 211-227.

Potter & Kustra (2012). Course Design for Constructive Alignment. Centre for
Teaching and Learning, University of Windsor (accessed from
uwindsor.ca/ctl/system/files/PRIMER-on-Learning-Outcomes.pdf on
15.01.2015)

Prain, V., & Hand, B. (1996). Writing for learning in secondary science: Rethinking
practices. Teaching and Teacher Education, 12(6), 609-626.

Putnam, R., & Borko, H. (2000). What do new views of knowledge and thinking
have to say about research on teacher learning? Educational Researcher, 29(1),
4-15.

Rogoff, B. (1990). Apprenticeship in thinking: Cognitive development in social
context. New York, NY: Oxford University Press.

Roth, W.-M. (1996). Teacher questioning in an open-inquiry learning environment:
Interactions of context, content, and student responses. Journal of Research in
Science Teaching, 33(7), 709-736.

Roychoudhury, A., & Roth, W.-M. (1996). Interactions in an open-inquiry physics
laboratory. International Journal of Science Education, 18(4), 423-445.

302



Rudd, II, J. A., Greenbowe, T. J., & Hand, B. M. (2007). Using the Science Writing
Heuristic to improve students’ understanding of general equilibrium. Journal of
Chemical Education, 84, 2007-2011.

Sadler, T. D. (2004). Informal reasoning regarding socioscientific issues: A critical
review of research. Journal of Research in Science Teaching, 41, 513-536.

Sadler, T., Chambers, F., & Zeidler, D. (2004). Student conceptualizations of the
nature of science in response to a socioscientific issue. International Journal of
Science Education, 26(4), 387-409.

Sandoval, W. (2003). Conceptual and epistemic aspects of students’ scientific
explanations. The Journal of the Learning Sciences, 12, 5-51.

Santas, G. X. (1979). Socrates, London: Routledge & Kegan Paul.

Scherr, R., & Hammer, D. (2009). Student behavior and epistemological framing:
Examples from collaborative active-learning activities in physics. Cognition
and Instruction, 27(2), 147-174.

Scott, P. H. (1997). Developing science concepts in secondary classrooms: an
analysis of pedagogical interactions from a Vygotskian perspective.
Unpublished PhD thesis, University of Leeds, School of Education.

Scott, P. H. (1998). Teacher talk and meaning making in science classrooms: A
Vygotskian analysis and review. Studies in Science Education, 32, 45-80.

Scott, P. H., & Mortimer, E. F. (2002). Discursive activity on the social plane of high
school science classrooms: a tool for analysing and planning teaching
interactions. Paper presented at the 2002 AERA Annual Meeting, New
Orleans, USA, as part of the BERA invited symposium: Developments in
sociocultural and activity theory analyzes of learning in school.

Scott, P.H., Mortimer, E.F.,, & Aguiar, O.G. (2006). The tension between
authoritative and dialogic discourse: A fundamental characteristic of meaning
making interactions in high school science lessons. Science Education, 90(7),
605-631.

303



Siegel, H. (1989). The rationality of science, critical thinking and science education.
Synthese, 80(1), 9-42.

Simon, S., Erduran, S., & Osborne, J. (2006). Learning to teach argumentation:
Research and development in the science classroom. International Journal of
Science Education, 27, 137-162.

Sinclair, J. McH., & Coulthard, R.M. (1975). Towards an analysis of discourse: The
English used by teachers and pupils. London: Oxford University Press.

Solomon, J. (1994). The rise and fall of constructivism. Studies in Science Education,
23, 1-19.

Soysal, Y., & Radmard, S. (2017). An exploration of Turkish teachers’ attributions to
barriers faced within learner-centered teaching. Educational Studies, 43(2),
186-209, DOI: 10.1080/03055698.2016.1248903.

Stake, R. (1995). The art of case study research. Thousand Oaks, CA: Sage.

Stake, R., & Mabry, L. (1995). Case study for a deep understanding of teaching (pp.
294-304). In A. Ornstein (Ed.), Research on teaching. Boston: Allyn & Bacon.

Strauss, A., & Corbin, J. (1990). Open coding. In A. Strauss & J. Corbin (Eds.),
Basics of qualitative research: Grounded theory procedures and techniques
(2nd ed., pp. 101-121). Thousand Oaks, CA: Sage.

Stubbs, M. (1983). Discourse analysis. Chicago, IL: University of Chicago.

Sutton, C. (1992). Words, science and learning. Buckingham, UK: Open University
Press.

Supovitz, J. A., & Turner, H. M. (2000). The effects of professional development on
science teaching practices and classroom culture. Journal of Research in
Science Teaching, 37(9), 963-980.

304



Sutton, C. (1996). The scientific model as a form of speech. In Research in Science
Education in Europe. G. Welford, J. Osborne, P. Scott (Eds.), pp. 143-152.
London: Falmer Press.

Thomas, J. (1926). Musings on the Meno: A New Translation with Commentary,
Boston: Martinus Nijhof.

Toulmin, S. (1958). The uses of argument (Updated edition ed.). Cambridge:
Cambridge University Press.

Wegerif, R. and Mercer, N. (1997) Using computer-based text analysis to integrate
guantitative and qualitative methods in the investigation of collaborative
learning. Language and Education, 11(4), 271-286.

Wells, G. (1993). Reevaluating the IRF sequence: A proposal for the articulation of
theories of activity and discourse for the analysis of teaching and learning in
the classroom. Linguistics and Education, 5, 1-37.

Wells, G. (1986). The meaning makers: Children learning language and using
language to learn. Portsmouth, NH, Heinemann.

Wertsch, J.V. (1985). Vygotsky and the social formation of mind. Harvard University
Press. Wertsch, J.V. (1991). Voices of the mind: A sociocultural approach to
mediated action. Cambridge, MA: Harvard University Press.

Wertsch, J. (1998). Mind as Action. New York NY: Oxford University Press.

Westgate, D., & Hughes, M. (1997). Identifying 'quality’ in classroom talk: An
enduring research task. Language and Education, 11(2), 125-139.

van D. Booven, (2015). Revisiting the authoritative—dialogic tension in inquiry-based
elementary science teacher questioning. International Journal of Science
Education, 37(8), 1182-1201.

305



van Eemeren, F. H., Grootendorst, R., Henkemans, F. S., Blair, J. A., Johnson, R. H.,
Krabbe, E. C., et al. (1996). Fundamentals of arguemntation theory: A
handbook of historical backgrounds and contemporary developments.
Mahwah, NJ: Lawrence Erlbaum Associates.

van Eemeren, F. H. van, & Grootendorst, R. (2004). A systematic theory of
argumentation: The pragma-dialectical approach. New York: Cambridge
University Press.

van Zee, E.H., & Minstrell, J. (1997a). Reflective discourse: Developing shared
understandings in a physics classroom. International Journal of Science
Education 19, 209-228.

van Zee, E.H., & Minstrell, J. (1997b). Using questioning to guide student thinking.
The Journal of the Learning Sciences, 6, 229-271.

van Zee, E.H. (2000). Analysis of a student-generated inquiry discussion.
International  Journal of Science Education, 22(2), 115-142.

Viennot, L., & Rainson, S. (1999). Design and evaluation of a research based
teaching sequence: the superposition of electric fields. International Journal of
Science Education, 21(1), 1-16.

von Aufschnaiter, C., Erduran, S., Osborne, J., & Simon, S. (2008). Arguing to learn
and learning to argue: Case studies of how students’ argumentation relates to
their scientific knowledge. Journal of Research in Science Teaching, 45(1),
101-131.

Vygotsky, L. S. (1962). Thought and language. Cambridge, MA: MIT Press.

Vygotsky, L. S. (1978). Mind in society. Cambridge, MA: Harvard University Press.

Vygotsky, L. S. (1981). The genesis of higher mental functions. In J. W. Wertsch
(Ed.), The concept of activity in Soviet psychology (pp. 144-188). Armonk,
NY: Sharpe.

306



Vygotsky, L. S. (1987). Thinking and speech (N. Minick, Trans.). In R. W. Rieber &
A. S. Carton (Eds.), The collected works of L. S. Vygotsky: Vol. 1. Problems of
general psychology, (pp. 39- 285). New York: Plenum Press. (Original work
published 1934).

Walker, K. A., & Zeidler, D. L. (2007). Promoting discourse about socioscientific
issues through scaffolded inquiry. International Journal of Science Education,
29(11), 1387-1410.

Zhou, G. (2010). Conceptual change in science: A process of argumentation. Eurasia
Journal of Mathematics, Science & Technology Education, 6(6), 101-110.

Zohar, A., & Nemet, F. (2002). Fostering students’ knowledge and argumentation
skills through dilemmas in human genetics. Journal of Research in Science
Teaching, 39(1), 35-62.

Zohar, A. (2004). Higher order thinking in science classrooms: students’ learning
and teachers’ Professional development. Dordrecht: Kluwer Academic Press.

Zohar, A. & Schwartzer, N. (2005) Assessing Teachers’ Pedagogical Knowledge in
the Context of Teaching Higher - order Thinking. International Journal of
Science Education, 27(13), 1595-1620.

307



APPENDICES

APPENDIX-A HIGHER-ORDER CATEGORIES FOR TEACHER
DISCURSIVE ROLES

HIGHER ORDER CATEGORY-1: TEACHER GIVES INFORMATION & EVALUATES THE

IDEAS
TEACHER

DISCURSIVE ROLES

(HOLISTIC, INDICATORS OF THE ROLES (ANALYTICAL)
SUBCATEGORY)

1.1. TEACHER GIVES
INFORMATION
DIRECTLY

Abb: Gives information

Teacher gives information: giving information based on
teacher’s idea

Direct lecturing

Logical expositions

Narrates

Verbal cloze: Pause in mid-sentence to allow students to
verbally “‘fill-in-the-blanks’’ to complete the sentence
Explaining aims

Introducing tasks

Organizational instructions

Providing explicit directions

Posing instructional questions

1.2.YOU SAID
SOMETHING NEATER
AND CLOSER TO THE
CONTENT IN MY
LESSON PLAN

Abb: Cued-Joint

Cued elicitation of pupils’ contribution
Marking the knowledge as significant and joint
Hinting

1.3. TEACHER
EVALUATES
STUDENTS’
RESPONSES AGAINST
TO CANONICAL
KNOWLEDGE OF
SCIENCE

Abb: Evaluates

Cut-off: Teacher interrupts a student before he/she can
finish his/her response

Affirmation-cum-Direct Instruction: affirm the answer,
reinforce it, and then move on to further expository talk
via direct instruction

Explicit Correction-Direct Instruction: explicit correction
followed by further expounding of the normative ideas
Explicit/Direct affirmation

Explicit/Direct rejection

1.4. SOFT
AFFIRMATION OR
EVALUATION OF
STUDENT RESPONSES

Abb: S-Evaluates

Accepting/acknowledging/welcoming student response(s)
Affirmation plus elaboration
Presenting aspects missed by students
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HIGHER ORDER CATEGORY-2: TEACHER POOLS, SUMMARIZES & CONSOLIDATES

THE IDEAS

TEACHER DISCURSIVE
ROLES (HOLISTIC,
SUBCATEGORY)

INDICATORS OF THE ROLES (ANALYTICAL)

2.1. TEACHER POOLS THE
STUDENT IDEAS

Pooling ideas (conceptual and procedural)

Exploring: is the discursive mode in which
participants’ ideas are probed and accepted with little,
if any, challenge or critique

e  Ask students for ideas (open-ended)
I(D%%I\CI:CEIIEDPJ RU :‘LL) c\%VITH THE e Ask students for. ideas (no_n-opgn-ended)
LOW-INTERANIMATION e Ask students to infer relationships
e Asking for inference
Abb: Pools ideas - LI e  Ask students for explanations
- e  Ask students for experiences (The teacher prompts
students to share experiences that are related to the
phenomenon under study)
e Recapping previously pooled ideas
e Review progress with the scientific story so far
e  Summarize the findings from a particular experiment

IilgES\/L:h(;IBASI/;\_S(I ESC-CFZTJERED e Recap on the activities of the p_revious lesson

DISCURSIVE EVENTS BY ) Wrapp_mg up student presentations

CONSIDERING MULTIPLE *  Summing up (by teacher)

VIEWS e  Question-based summary: Give an overall summary
in a question-and-answer format to consolidate the
key points

Abb: Summaries e Question-based outline: Present a big, broad question

- and subordinate or related questions
e  Offering reconstructive recaps
e Foregrounding and backgrounding
e Association of key words and phrases: Guide
students to form a series of propositional statements
ég J_Fé)c(:_:__' TL?EIE_E%II—ES & to form a coherent mental framework

PROM |NE|t|JT STUDENT * Seiecﬂve S e cation of unile”

o clection and modincation o1 pupus  responses

:)DC':ECI:AUSRFSSDMDITISQCI:EL\J/IQ(SDIU\/SI; Y e Presenting selected ideas from group work

EVENTS e Differentiate between ideas

e Creating differences: promises of clarification,

Abb: Selects

eliciting differences of opinions, using studies to
suggest ideas, displaying counter-intuitive results,
creating expectations

2.4. CONSOLIDATION OF
CANONICAL KNOWLEDGE
OF SCIENCE BY TEACHER

Abb: Consolidates

Consolidation: of several student responses into a
single, coherent summary
Recaps and summaries of conceptual knowledge
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HIGHER ORDER CATEGORY-3: TEACHER CLARIFIES, ELABORATES & PROBES THE

IDEAS

TEACHER DISCURSIVE
ROLES (HOLISTIC,
SUBCATEGORY)

INDICATORS OF THE ROLES (ANALYTICAL)

3.1. TEACHER ENGAGES
STUDENTS IN
CLARIFYING THEIR
IDEAS OR ARGUMENTS

Abb: Requests for
clarification

The role of diagnostician: giving students opportunity to
express ideas in order to discern their understandings
Clarify the meaning of what has just been said

Asking for further clarification

Asking for further explanation

Asking children to sum up

Ask for clarification of student ideas

Asking for “Did you mean 7’

3.2. REFORMULATING &
EXPANDING STUDENTS’
KNOWLEDGE or
REASONING

Abb': Expands

Abb?: Reformulates

Reformulating: is characterized by the transformation of
knowledge into what is more accessible and
understandable to participants

Elaboration': occurs after a student’s response in which
the teacher gives a specific, extended meaning or
application to a student’s brief response

Elaboration®: is the discursive mode in which
participants’ current knowledge and understanding are
further developed by virtue of new information
Expanding and activating students’ background
knowledge: providing information relevant to the
phenomena by means of verbal questions, through
written materials (e.g. books, worksheets, and
information cards), or by other means such as multimedia
records

3.2.1. TEACHER
PROVIDES MORE
CONCRETE AND
SUBSTANTIAL
EXAMPLES FOR
STUDENTS’
IMAGINATION

Abb: Embodies

Provide concrete opportunities/analogies/metaphors/real-
life examples for student comprehensions and
understanding and responses

Provide multiple opportunities/analogies/metaphors/real -
life examples for student comprehensions and
understanding and responses

Provide a more understandable and comprehensible
example/instance/ analogies/metaphors/conditions for
student comprehensions and understanding and responses
Sharing teacher’s concrete and real experiences for
student comprehensions and understanding

Makes the topic under discussion more conceivable and
imaginable for student comprehensions and
understanding and responses

3.3. TEACHER ENGAGES
STUDENTS IN PROBING
THEIR IDEAS &
ARGUMENTS

Abb: Probes

Probe: teacher asks student to expand on his/her response
either asking for further explanation or a clarification of
student’s response

Pumping: Encourage students to provide more
information via explicit requests

Extension by responsive questioning: accept the answer
and then ask another related question or series of
guestions that build on the previous ones to extend the
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line of conceptual thought

Focusing & zooming: Guide students to think at both the
visible, macro level and at the micro or molecular level,
or use questions that zoom ‘‘in and out,”” alternating
between a big, broad question and more specifically
focused, subordinate questions

Encouraging wider response

Asking for elaboration

HIGHER ORDER CATEGORY-4: TEACHER FOCUSES LEARNERS ON FOCAL ASPECTS
OF & ENCOURAGES MONITORING TO CLASSROOM DISCURSIVE EVENTS

TEACHER DISCURSIVE
ROLES (HOLISTIC,
SUBCATEGORY)

INDICATORS OF THE ROLES (ANALYTICAL)

4.1. FOCUSING
STUDENTS’ ATTENTION
ON FOCAL ASPECTS OF
THE ACTIVITY

Abb: Focuses

Prompt articulation of a focal issue by a student/a
students’ sayings/opinions/ideas/arguments

Focus attention on a particular student response
Driving towards the focal point

Focusing students’ attention on important aspects of the
activity

Ask a student to repeat an idea to capture others’
focus/attention

Ask a student to repeat an idea to the class to capture
others’ focus

Teacher rephrase a student’s claim or reasoning to
capture others’ focus

Rephrasing students’ questions to capture others’ focus
Enact a confirmatory exchange with a student to capture
others’ focus

Help students concentrate on the features of content
under discussion

4.2. ENCOURAGE
STUDENTS TO
MONITOR ABOUT
CLASSROOM
DISCURSIVE EVENTS

Abb: Monitors

Prompt students for monitoring what is happening in the
discourse NOW

Encourage students to monitor their understanding of a
classmate’s thinking

Backgrounding: Prompt students for monitoring what
was happening in the discourse/processes/procedures
Foregrounding: Prompt students for monitoring what will
be happening in the discourse/processes/procedures
Prompt for meta-discourse: the discursive mode which
informs participants of what and how they are going to
do in class (i.e. procedural meta-discourse)

Engaging students in monitoring changes in conceptions
Asks about mind-change
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HIGHER ORDER CATEGORY-5: TEACHER CONDUCTS REFLECTIVE DISCOURSE

TEACHER

DISCURSIVE ROLES

INDICATORS OF THE ROLES (ANALYTICAL)

(HOLISTIC,
SUBCATEGORY)
Prompting students for responding others’
ideas/opinions/counter arguments/alternative
arguments/sayings
5.1. TEACHER Reflective-toss: Throws the responsibility for thinking back to
-FI;:gF?OVI\\IISS I-II_BTEITY the student and other members of the class
Toss back: In place of an evaluation, teacher asks for students
OF LEARNING to comment on a student’s response
BACK TO THE : . S I
STUDENTS In_vok_lng reflective thinking: Throws the responsibility for
thinking back to the student and other members of the class
Abb: Throws Reflective toss: Pose a question in response to a prior utterance
- made by the student
The role of motivator: Encouraging students to take
responsibility for their own learning
5.2. ENGAGE Engage students in

STUDENTS TO PUT
THE
LEGITIMIZATIONS

deciding/comparing/evaluating/judging/assessing
methods/examples/instances/demonstrations/arguments/opinio
ns defined by teacher or students

OF THE Prompt students for evaluating proposed

EVALUATION OF methods/results/findings/outcome/saying for themselves and
OTHER’S others

CONCEPTUAL & Prompt students for evaluating alternative/different
PROCEDURAL methods/examples/instances/demonstrations/situations defined
DISCOURSE by the teacher or students

Abb: Asks for
evaluation

Ask students to evaluate ideas/arguments/opinions already
mentioned in the conversation or discourse

HIGHER ORDER CATEGORY-6: TEACHER MODELS ASPECTS OF PROCESSES OF

SCIENCE AND SPEECH GENRES

TEACHER DISCURSIVE
ROLES (HOLISTIC,
SUBCATEGORY)

INDICATORS OF THE ROLES (ANALYTICAL)

e Modelling and rehearsing aspects of
processes/procedures/operations of science

e  Modelling how a person controls the variables in an
experiment

e Models how a person attain multivariable thinking

e Modelling how a person make reliable and valid
measurements

e Modelling how a person triangulate their data collection

e Modelling how a person deals with the scientific units

e Directing students and helping them develop
experimental strategies

e Showing the attitudes and attributes of scientists by

6.1. MODELING &
REHEARSING ASPECTS
OF PROCESSES OF
SCIENCE

Abb: Models
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example (i.e. questioning, claiming, evidencing)
Supports students in learning about scientific work
Formulate hypotheses involving features of content
under discussion

6.2. TEACHER
ENCOURAGES NEW
WAYS OF THINKING &
TALKING AS SPEECH
GENRES

Abb: Speech Genres

Stimulating multimodal thinking: pose questions that
involve the use of a range of thinking (e.g., verbal,
visual, symbolic, logical-mathematical) using talk,
diagrams, visual images, symbols, formulas, and
calculations (as speech genres)

Ask students to prepare tables or graphics for
summarizing their views

Visualization strategy: provide the students with greater
benefits in constructing and communicating their
hypotheses as compared to when only oral or written
discourse was utilized

Aiding in visualization

Assist students in constructing their own mental models
as graphics, tables

HIGHER ORDER CATEGORY-7: TEACHER ACTS AS CHALLENGER and SEEKS FOR

JUSTIFIED REASONING

TEACHER DISCURSIVE
ROLES (HOLISTIC,
SUBCATEGORY)

INDICATORS OF THE ROLES (ANALYTICAL)

7.1. TEACHER ACTS AS
CHALLENGER,
DISCUSSANT AND
NEGOTIATOR

Abb: Challenges

Constructive challenge®: evaluative or neutral comments
followed by reformulation of the question or challenge
via another question

Constructive challenge®: pose a challenges that stimulates
student thinking instead of giving direct corrective
feedback

Prompts for debating: is the discursive mode in which
participants with different ideas challenge and respond to
each other usually through a series of questions and
answers

Prompts for negotiating: is contrasted with debating in
that participants who were engaged in challenge-response
dialogues finally negotiate new meaning to resolve a
conflict or solve a problem

Providing alternative points of views to challenge
students’ arguments

Urging to consider a variety of viewpoints

Plays devil’s advocate: Pointing out counter-arguments,
pointing out contradictions, pointing out flaws in the
argument
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7.2. TEACHER
ENCOURAGES &
PROMPTS FOR JUSTIFIED
OR EVIDENCE-BASED
REASONING

Abb: Prompts for EBR

Checks the presence/absence of student-led evidences
Prompts for justifications

Prompts for evidences

Emphasizes justification

Encourages further justification

Praising the use of evidence

Asking for justification

Asking for reasoned guesses

HIGHER ORDER CATEGORY-8

TEACHER DISCURSIVE
ROLES (HOLISTIC,
SUBCATEGORY)

INDICATORS OF THE ROLES (ANALYTICAL)

8.1. TEACHER CREATES AN
INTELLECTUALLY
COMFORTABLE &
FLEXIBLE CLASSROOM
ATMOSPHERE FOR
STUDENTS

Abb: Providing Maintenance

Foster a respectful environment for statements of beliefs
Foster respectful environment for statements of changes
in beliefs

Acknowledging and encouraging students as
conversational partners

The role of collaborator: the teacher and students
exchanging ideas, and allowing students to take on the
role of teacher

Responding with neutral restatements of the preceding
student utterances

Keeping neutrality

Invoking silence to foster student thinking
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APPENDIX-B THE MEMBER CHECK TEACHER INTERVIEW
PROTOCOL

Sevgi Hocam,

Sizinle 2014-2015 dgretim dénemi igerisinde 20’yi askin Arastirma-Temelli Bilim Ogretimi
(ATBO) uygulamasma hazirlandik ve bunlar1 bizzat sinif iginde gergeklestirdik. Tiim
uygulamalari yedinci sinif diizeyinde yaptik ve uygulamalarda Fen Teknoloji Dersi Ogretimi
Miifredatim1 goz 6niinde bulundurduk. Tiim ATBO uygulamalarinin video kayitlarmm aldik.
Ben bir arastirmaci olarak video kayitlarini yaziya gevirdim ve analiz ettim. Temelde Sevqgi

Ogretmen’in_becerileri ve dgrencilerin_sumif ici divaloga bilissel katkilari arasindaki

iliskileri inceledim. Sevgi Ogretmen tiim uygulamalarinda ii¢ tane beceriyi digerlerine daha

baskin bir sekilde sergiledi. Bu beceriler sunlardir:
1) Opgrencilerin dediklerinin ardindaki asil akil yiiriitmeyi ya da diisiinceyi ortaya
cikarmak icin derinlestirme ve aciklastirma hamleleri,
2) Sinifta o anda neler olup bittigini 6grencilere hissettirmek i¢in sergilenen izleme ve
odaklama hamleleri,
3) Ogrencilerin 6grenme sorumlulugunu yiikiimlenmeleri igin onlar1 akranlarin
degerlendirmeye yonlendirme hamleleridir.
Sevgi Ogretmen’in 6ne ¢ikan uygulamalari incelendiginde, 6gretmenin sergiledigi pedagojik
hamleler ile 6grencilerin diyaloga biligsel katkilarmin bir uygulamadan diger uygulamaya

o

degistigi tespit edildi. Buna arastirmada Esik Modeli dendi:

MAKARALAR
KALDIRACLAR

ISIK ve ENERJI

YAYLAR
EGiK DUZLEM
COZELTILER
YUZEY GERILIMI

Bu modele gore, asagidan-sagdan, yukariya-sola dogru ¢iktika, Sevgi Ogretmen’in
sergiledigi beceriler sayesinde Ogrencilerin smif i¢i diyaloga katkida bulunma oranlar

artmaktadir. Baska bir deyisle, en basarili uygulamalar en yukarida ve solda yer alan
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“Makaralar” ve “Kaldiraglar” uygulamalari iken, daha az basarili uygulamalar ise “Yaylar”,
“Egik Diizlem”, “Cozeltiler”’, ve “Yiizey Gerilimi” olarak belirlenmistir. “Isik ve Enerji”
uygulamasi ise bir gecis diizeyi (orta diizeyde) uygulamasidir. Ben bir aragtirmaci olarak bu
farklilagmanin bazi sebeplerini bulmaya g¢alisiyorum. Akil yiirlitmem sonunda olusan soru

ise soyledir:

“Eger Sevgi Ogretmen modelde yer alan uygulamalarda bahsettigim éne cikan iic
pedagojik hamleyi digerlerine gore daha cok kullanmigsa, neden égrencilerin sinif ici
diyaloga bilissel katkilar1 acisindan uygulamalar arasinda farkliliklar bulunmustur?”
“Sevgi Ogretmenin sergiledigi pedagojik hamlelerin disinda, ancak tamamen simf ici
uygulamalarla ilgili olan bu farklilagmay: yaratan baska durumlar neler olabilir?

Bu dokiiman1 Sevgi Ogretmen’in ilgili model ile ilgili fikirlerini almak i¢in olusturdum.
Sevgi Ogretmenim,;

Uygulamalar su sirada gerceklestirilmistir:

1. Yaylar
Egik diizlem
Kaldiraglar

2

3

4. Makaralar
5. Cozeltiler

6. Yiizey gerilimi

7. Isik ve enerji

Sizce bu uygulamalar arasinda neden boyle bir farklilik ve gruplasma olabilir? Liitfen
sebeplerini tamamen sinif i¢i uygulama anlarin1 diisinerek sdylemeye c¢alisiniz.
Uygulamalarin {izerinden uzunca vakit gectigi icin size ekte bu uygulamalarin konusma
metinlerinin birebir kopyalarini génderiyorum. Birebir metin desifrelerini gordiigiiniizde de
hatirlayamadiginiz ya da sormak istediginiz bir nokta olursa liitfen benimle e-mail ya da

telefon ile iletisime geginiz. Diisiince ve fikirlerinizi liitfen asagida yer alan tabloda aktariniz.

Bilimsel bir calismaya katkida bulundugunuz icin tesekkiir ederim.
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SEVGi OGRETMENIN BULGULAR HAKKINDAKI GORUSLERIi

YAYLAR ATBO UYGULAMASI

Neler olmustu? Neden dyle olmustu?

EGIK DUZLEM ATBO UYGULAMASI

Neler olmustu? Neden dyle olmustu?

KALDIRACLAR ATBO UYGULAMASI

Neler olmustu? Neden dyle olmustu?

MAKARALAR ATBO UYGULAMASI

Neler olmustu? Neden dyle olmustu?

COZELTILER ATBO UYGULAMASI

Neler olmustu? Neden dyle olmustu?

YUZEY GERILIMi ATBO UYGULAMASI

Neler olmustu? Neden oyle olmustu?

ISIK ve ENERJI ATBO UYGULAMASI

Neler olmustu? Neden oyle olmustu?
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APPENDIX-C TRANSLATIONS OF THE EXCERPTS IN THE TEXT FOR

STUDENTS

EXCERPT-1

Let’s start with a small discussion. Firstly,
what is flexibility?

Kiigiik bir tartismayla
bashyoruz. Oncelikle esneklik
nedir?

Flexibility is the ability of things to get bigger
or smaller.

Esneklik bir cismin biiyiimesidir
ya da kii¢tilmesidir.

Getting bigger, getting smaller, okay. Yes,
Firat?

Biiyiimesidir, kiigiilmesidir,
tamam. Evet Firat?

It is the ability of a thing, err, to change, to
move a lot...

Hocam bir cismin boyle ya fazla
oynayabilmesi, hareket
edebilmesi...

To change, to move (s/he nods and confirms),
yes Seher?

Oynayabilmesi hareket
edebilmesi (kafa sallar ve
onaylar), evet Seher?

It is the ability of reversion after the force
applied by us.

Uyguladigimiz kuvvetin sonra
tekrar eski haline geri
donebilmesidir.

Yes, if it reverts to the previous state after
some force, we call that object ? We
call it “flexible”.

Evet, bir kuvvet uyguluyorum,

eski haline doniiyorsa o cisme

ne diyoruz ? Esnektir
diyoruz.

EXCEPRPT-2

Reflecting, scattering, brightening... What is
this light doing like these?

Yanstyor, dagiliyor,
aydinlatiyor... Neler yapiyor bu
151k boyle?

There are fireflies, there is lamp, there is
electricity and there is the Sun, yes.

Ates bocekleri var, lamba var,
elektrik sistemi var, giines var,
evet.

Does it make any difference? | mean, so, does
the thickness of the cloth make any
difference? If so, let’s say color and thickness
of cloth instead of the other.

Fark eder mi? Yani o zaman
kumagin kalinlig1 da etkiler mi?
O zaman renk ve kumasg
kalinlig1 diyelim digerinin
yerine?

Ok kids, thank you; do you have any
questions? Then let’s sum up our variables.

Peki, cocuklar tesekkiir
ediyorum var m1 sorunuz, o
zaman §0yle bir toparlayalim
degiskenlerimizi?
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EXCERPT-3

If | told you to shovel the snow over there,
what would you use?

Simdi suradaki kar1 kiireyin
desem, ne ile kiirersiniz?

With a shovel. It is also one of the simple
machines. It works like simple machines, too.

Kiirekle kazirim hocam. O da
zaten basit makinelerdendir.
Basit bir makineler gibi ¢aligir o
da.

Why did you consider it as a simple machine,
can you explain?

Neden basit makine oldugunu
diisiindiin, agiklar misin?

Because it makes our task easier.

Isimizi kolaylastirtyor hocam
¢linkii.

Do all the machines make things easier?

Tim makineler is kolaylastirir
m1?

No, some of them make things harder.

Hayir, hocam bazilari is
zorlastirir.

Would you give an example to those which
make things harder?

Mesela, bir 6rnek verir misin
zorlastirir dedigine?

EXCERPT-4

May | comment on Mahir’s words?

Hocam ben Mahir’in dedigine
bir sey sdyleyebilir miyim?

Yes, what Mahir says is this: Mahir, can you
repeat what you said to your friends? (Turning
towards the whole class)

Evet, Mahir’in dedigi de su:
Mabhir ne dedin bir daha soyler
misin sinifa? (Tim smifa
donerek)

| think the one below falls, because there is
more force of gravity.

Hocam bence agagidaki diiser
¢linkii yer ¢cekimi enerjisi daha
fazla.

This one resumes falling, but you just said its
potential was little.

Bu diismeye devam eder ama az
once bunun potansiyeli az
demistin az dnce?

But, this time that one is below and that one is
above.

Ama o hocam bu sefer de o
asagida o yukarida.
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EXCERPT-5

Oil stays like this (... makes a circle with
her/his hand). Round, stays like this different
from the water.

Yag su sekilde (...eli ile
yuvarlak yapiyor) duruyor
hocam. Yuvarlak boyle degisik
duruyor suya gore.

Doesn’t it? There is a difference in its
position? What do you think, let’s comment
on this?

Degil mi? Durusunda da bir
degisiklik var? Ne dersiniz
arkadaslar, bir yorum yapin?

Just now you made salt-water, it was like
positive-negative; they pulled each other.

Hocam biraz énce tuz-su
yaptiniz art1 eksi gibiydi oldu,
birbirlerini ¢ektiler.

Ok, let me tell you this: let’s look at oil-water
and vinegar-water solutions. At these two
examples it will stay between two substances.
What do you think?

Peki, bende sunu sdyleyeyim:
madem yag-su veya sirke-su
¢Ozeltisine bakalim. Bu iki
ornekte de hep arasina
giremeyecek midir? Ne
dersiniz?

I don’t think so; it may stay between a little.

Bence degil, biraz girebilir.

Salt, when it is solid... When it is put into
water it changes between liquid to gas. That’s
why this is a chemical event.

Tuz, aman katiyken... Suyun
icine atildiginda siviyla gaz
arasi degisime ugruyor. O
yiizden cinsi degistigi i¢in bu
olay kimyasaldir

Do you agree with your friend? What do you
think?

Katiliyor musunuz
arkadasimizin fikrine? Ne
dersiniz?

No, I completely disagree. I watch “Survivor”.
There, they go into water and then they get
dry; but salt remains. | mean, physical change
occurs; but salt remains.

Hayir, ben asla katilmryorum.
Hocam simdi Survivor
izliyorum. Orada tuzlu suyun
icine giriyorlar hocam. Sonra
kuruyor, altlarinda tuzlar
kaliyor. Yani fiziksel degisim
oluyor; yine de tuz kaliyor.
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EXCERPT-6

If there are more tires on a truck, there will be
more friction.

Hocam bir kamyonda lastik
daha ¢oksa stirtiinme de daha
fazla olacaktir.

Ok, but let’s think like this... Tires of a truck
are the same: it goes on a blacktop road, it
goes on macadam, and it goes on earth road...
What changes?

Tamam da bak sdyle
diisiinelim... Kamyonun
lastikleri ayni: bir asfalt yolda
gidiyor, bir sose yolda gidiyor,
biri de toprak yolda gidiyor...
Ne degisti burada?

Hmmm, the road changed. That thing
(meaning the tires) is stable.

Himm, gittigi yol degisti. O seyi
(lastikler demek istiyor) sabit o
zaman.

Doesn’t it mean that the light one arrives
faster?! (says rebelliously)

Ogretmenim hafif olan daha
hizli varmis olmuyor mu?!
(isyan eder sekilde séyliiyor...)

Yes, let’s look at the graphic of this moment.

Yes, it looks as if they couldn’t form this chart

here, to there (meaning the graphic); the light

one is 0,79; the heavy one is 0,81. That means
the light one is faster.

Evet, suadaki grafige bir
bakalim. Evet, buradaki tabloyu
oraya (grafige demek istiyor)
olusturamamuislar galiba, hafif
olan 0,79; agir olan 0,81, yani
hafif olan daha siiratli.

EXCERPT-7

I mean, it pulls here.

Yani iste burayi gekiyor.

It flowed here!

Akt1 ya burada!

May | show you something? (The teacher
spills a glass of water on glass; some of it
flows and glides, some sticks and stays.)
There is gravity but the water above nearly
stands still, nearly. It is not moving down.
Look, did it move? | mean the force of gravity
is more than the little slope here, isn’t it?
Slope; it is in the position of free falling, but it
is not moving.

Bir sey gosterebilir miyim
arkadaslar? (Ogretmen elindeki
bir bardak suyu cama hizlica
doker, sular akar, asag: siiziiliir,
bir kism1 yapisip, kalir.)
Yergekimi var ama su
yukaridakiler neredeyse
durdular, neredeyse durdu. Hig
asagi dogru gitmiyor. Bakin
yukaridakiler hi¢ kipirdadi mi1?
Yani yer ¢cekimi surada ki az
egimden daha fazla degil mi?
Egim yani bildiginiz serbest
diismeye birakmig haldeyiz ama
hi¢ kipirdamryorlar.

But it constantly moved.

Ama kipirdadilar hep.

No, look at the above; it is not moving any.

Hayir, yukari bak hig
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kipirdamiyor yukaridakiler.

Bence tahtadan akitmak o kadar

I think, it wasn’t that important to make it
flow on wood...

onemli degildi...

Zaten tahtanin digina ¢ikmadi

You say it didn’t move outside the wood, you
mean there is no problem.

diyorsun, sikintt yok diyorsun.

Arkadaslariniz boyle bir sonug

Since your friends have done an experiment,
and they have found a result like this, we
should discuss according to it; and discuss its
cause. You, too. Which of the surfaces here
keeps water?

bulduysa buna gore tartisalim
¢linkii bir deney yapmisim
elimde delilleri var, 6l¢iim
yapmuslar, bence bunun
sebebini konusalim. Sizde dyle.
Burada ki yiizeylerden hangisi
tutuyor suyu?

En ¢ok demir sonuglara

Iron is the most, according to the results.

baktigimizda.

EXCERPT-8

O zaman ikinci grupla devam

Then, | want to continue with the second
group.

etmek istiyorum.

Ogretmenim ben grubumla

| experimented on the effect of granule size on
the process of dissolution with my group.

¢oziinme olayina tanecik
biiyikliigiiniin etkisi yaptim.

Soyle arkadaslarina dogru

You can turn towards your friends like this;
let’s do the same thing we just did; face to
face.

donebilirsin, az 6nceki gibi
yapalim mu arkadaglar soyle
karsilikli evet.

EXCERPT-9

Yay var iginde, tekrar o

There is spring inside that is enabling the
stretch. Yes, Giines.

esnemeyi sagliyor. Evet Giines?

Yatak Hocam.

The bed.

Yatak, tamam. Yattigim yatagin

Bed, ok. What is there inside the bed we
sleep?

iginde ne var peki?

Yay var, ondan esniyor.

There are springs, which are why it is
stretching.

Yay var ¢ok giizel. Yani kuvvet

There are springs, excellent. You mean we
implement force and it stretches, then it takes
its previous form again.

uyguluyorum, esniyor sonra
eski haline doniiyor.

Kanepe.

Sofa.

322



Pencil.

Kalem.

Pencil (s/he nods), yes.

Kalem (basini sallar), evet.

Car...

Araba...

Which part of the car, an example?

Arabanin mesela nesi?

Suspensions and shock absorbers placed on

Arabanin tekerleklerindeki

the tires. bulunan siispansiyonlar,
amortisdrler.
Door handles! Kapi1 kollari!

Door handles, nice! | push it and the door
opens; when | release it turns to its previous
state back. What is there in it?

Kap1 kollari, giizel! Bastyorum

kapiya, agiliyor birakinca tekrar

eski haline geliyor. Peki, icinde
ne var onun?

EXCERPT-10
Their weights, ok. What is the weight? Agirliklari, tamam. Agirlik
dedigin nedir?
It is the mass. Kiitledir.

Are they the same; weight and mass?

Agirlik dedigimiz kiitle midir?

Weight is newton, we calculate it by newton.

Newtondur agirlik, onla 6lgeriz.

Weight is the load.

Yiktiir agirhik.

Yes, our friend has just mentioned something
important, what is your response to him/her?

Evet, arkadasiniz az dnce
6nemli bir sey sdyledi. Ona
cevaben ne sdylemek istersiniz?

The weight is newton, isn’t it?

Newton degil mi agirlik?

Is it newton? How is that, can you explain?

Agirlik Newton mu? Nasil
oluyor, agiklar misin?

Weight means multiplying the mass with
gravity, | mean 10. That equals the weight.
For example if this is 50 gr; we can learn its

weight-newton by multiplying it with 10. But

if it is gr, we should first convert it to kg; then

multiply it with 10 and learn its newton. We
should convert first.

Hocam agirlik kiitleyi yercekimi
ile yani 10 ile ¢arpmaya denir; o
da agirliga esittir. Mesela bu 50
gr ise onu 10’le carparak onun
ka¢ Newton oldugunu veya
agirligint 6grenebiliriz. Ama
gramsa mesela kilograma
cevirip 10 ile garparak Newton
olarak alabiliriz. Once ceviri
yapmaliy1z.
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EXCERPT-11

There can’t be a lever without a fulcrum! All
levers have a fulcrum. Otherwise how can we
lift! We can’t lift anything without a fulcrum.

Desteksiz kaldirag zaten olmaz
ki ama! Biitiin kaldiraglarin
destegi vardir. Yoksa nasil
kaldiracagiz ki! Desteksiz
kaldirilmaz hicbir sey yani.

So, we continue to face difficulties. Since

there is no fulcrum, our work doesn’t get

easier like a simple machine! (talks about
his/her own experiments)

Dolayistyla onun i¢in gok
zorlanip yoruluyoruz. Tabi
destek olmadigindan basit
makine gibi isimizde
kolaylagmiyor! (Kendi
deneylerinden bahsediyor)

If it is not possible to have a lever without a
fulcrum, this definitely can’t be a lever.
Hmmm, this lever doesn’t have a fulcrum! So,
this can’t be considered as a lever!

Himm, bu kaldiracin destegi
yok ki! Yani bu o zaman
kaldirag degil! Desteksiz
kaldirag olmazsa bu kesin

kaldirag degildir.

Exactly, just like Ferhat said; there is no
fulcrum. Ok, we may move the Earth, but |
think we need a fulcrum?

Tam Ferhat’in dedigi gibi,
destek yok zaten. Tamam,
Diinyay1 yerinden oynatabiliriz
ama bir destege ihtiyacimiz
vardir galiba?

Yes. There is no fulcrum here. In fact there is

no need for the force and fulcrum to be at the

same place. That can’t be a lever! That way
we would have more difficulties.

Evet, hocam burada higbir
destek yok. Zaten hem kuvvetin
hem de destegin ayn1 yerde
olmasina gerek yok. Oyle
kaldirag olmaz ki! Oyle ¢ok
zorlanirdik hocam.

When we try to open this door here it gets
more difficult -...showing the hinged part of
the door-. That’s why the door handle was
made to the most remote place — says meaning
the distance between the hinge and the door
handle-.

Hocam yani kapiy1 suradan
a¢cmaya calistigimizda ¢ok zor
oluyor -...kapmin menteseli
kismini gosteriyor- . Ondan iste
kapinin kolu oraya en uzak
yapilmis. -mentese ve kap1 kolu
arasindaki uzakligi kastederek
sOyliiyor-

EXCERPT-12

Ok, let’s use a different liquid to see the
difference. We put it, now, but how many
milliliters?

Tamam, net gérmek i¢in baska
bir s1v1 koyayim. Koyduk su
anda ama kag¢ mililitre?

About fifty-five.

Elli bes yaklasik.
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Fifty!

Elli!

It looks like fifty milliliters?

Elli mililitre gibi bu?

It is over fifty...

Elliyi gegmis. ..

Over fifty, ok. Are their positions the same?

Elliyi ge¢mis tamam burada ki
durus birbiri ile ayn1 m1?

Different. Farkli.
Why? Neden?
Shapes are different. Sekiller farkli.
EXCERPT-13
Is there light in the room? Odada 11k var m1?
Yes, there is. We can see each other,

otherwise we couldn’t.

Var. Birbirimizi goriiyoruz.
Yoksa goremezdik.

The light both reverberating and dispersing;
and at the same time some of it is being
absorbed.

Hocam 151k hem yansiyor, hem de
dagiliyor, hem de yansirken ve
dagilirken bir kismi sogruluyor.

Reflecting, dispersing, brightening... What
this light is doing like these? How is it
scattering?

Yansiyor, dagiliyor,
aydinlatiyor... Neler yapiyor bu
151k boyle? Nasil yayiliyor?

It is dispersing in a direct way. Starting from
one point and moving towards the other
point. It doesn’t diverge, like a single line,
like beam.

Dogru seklinde yayiliyor. Bir
noktadan ¢ikip, 6teki noktaya
dogru. Sapmuyor yani hocam, tek
dogru gibi, 151n gibi.

EXCERPT-14

You mean, you were able to see the
movement. Ok, what would you like to say
about your experiment?

Hareketi gorebilirdik diyorsun.
Peki deneyinizle ilgili neler
sOylemek istersin?

We asked the question of whether the
potential energy can be transferred. For
instance when the masses are different one
of them pulls down while the other one pulls
up. At that time potential pulling energy is
increasing. Then the other one pulls it down,
and this time its energy is increasing. We
assumed that something like this is existing,
our claim was that potential energy cannot
be transferred at the reel. Our experiment
approved our thoughts. We fixed weights of
100 gr to both of them, and when we

Hocam biz potansiyel enerji
aktarilir m1 diye bir soru sorduk.
Mesela hani kiitleler farkli
oldugunda birisi agag1 ¢ekiyor,
digeri yukari ¢ekiyor. O zaman
¢ekim potansiyel enerjisi artiyor.
Sonra o onu asag1 ¢ekiyor, bu
sefer bunun ki artiyor. Biz boyle
bir seyin var oldugunu diisiindiik,
bizim iddiamiz makarada
potansiyel enerjisi aktarilmazdi
biz dyle bir sey olmayacagim

325



released them like this (as there is space
between them) they stayed like this, there
was no change. We tried by increasing the
weight little by little (showing the weights
in his/her hand). | mean we increased their

energy, potential energy. In no way it

showed a difference. We measured one by

one. We concluded that potential energy

cannot be transferred on reels.

diistiniiyorduk. Deneyimizde
dogru cikt1. Tkisine de 100’er gr
agirliklar taktik, sonra soyle
brrakirsak (aralarinda farklar
olacak sekilde) boyle kald,
degisim olmadi. Bunlarin
(elindeki agirliklart gostererek)
aralarindaki farki azar azar
artirarak denedik. Yani seylerini
artirdik, enerjilerini, potansiyele
enerjilerin. Higbir durumda
degismedi. Tek tek olgtiik. Yani
makaralarda ¢ekim potansiyel
enerjisi aktarilmiyormus hepsine
gore ona ulastik.

Did you lose the gravity! Where is the force
of gravity?

Kay1p mu ettin yer ¢ekimini!
Yergekimi etkisi nerede?

Yes. It seems as if there is no gravity force
on reels (whole class smiles).

Evet hocam... Yer ¢ekimi diye bir
sey yok gibi sanki makarada
(biitiin sinif giiliimsiiyor).

No, in fact there is gravity, but at the same
level (s/he means because the forces or
weights are equal) so we don’t feel it... I
mean there is not much difference of height
between them, may be because of that they
didn’t move... May be it would change if
we could try for infinitely times. If | had the
chance to try, I would try like that.

Hayir, aslinda yer ¢ekimi varda,
ayn1 miktarda (kuvvetler ya da
agirliklar esit oldugu igin demek
istiyor) etki ettigi i¢in su anda
hissetmiyoruz... Yani ¢ok fazla
bir fark yok yiikseklikleri
arasinda, belki ondan da hareket
etmemistir... Sonsuz uzunlukta
denesek belki durum degisirdi.
Yani deneme sansimiz olsa ben
Oyle denerdim.

EXCERPT-15

Alright, but did it convince you?

Peki, ikna oldun mu?

Yes, indeed...

Oldum, oldum...

Ok, but why did you change your mind?

Peki, niye fikrini degistirdin?

Because later | thought that it desolates
when we put salt in water, and according to
my friends...

Ciinkii 6gretmenim tuzu atiyoruz
iginde ¢oziiniiyor diye diisiindiim
sonradan, arkadaslarimin da
demesine gore...
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EXCERPT-16

Ok, but assuming that this slope exists,

how can | make a measurement, since |

want to measure the size? Should I take
that? Or this upper limit?

Peki, bu bombenin oldugunu
diisiinerek ben nasil bir 6l¢tiim
yapacagim yani burada hacim

6lgmek istiyorum? Surayi mi

almalryim? Yoksa su iist sinirt m1

almaliyim?
Lower limit. Alt siniri.
Lower limit. Alt siniri.
Upper limit. Ust sinirl.

Alright, what do you think about the cause
of this position?

Peki, sizce bu durusun nedeni ne?

Pressure. It takes this position because of
air pressure.

Basing Hocam. Hava basincindan
dolay1 boyle durabilir bu.

I mean, have you ever thought of this
when you put water in a glass and drink it?

Yani simdiye kadar bardaga su
koyduk igtik falan hi¢ boyle
durdugunu diistinmiis milydiiniiz?

That is because of pressure. // It happens
when you hold one side of it. If you take
your hand from that side of the pipe, it will
disappear too (meaning the slope).

Basingtan dolay1 oluyor
O0gretmenim. // Siz ucunu tutunca
Oyle oluyor iste. O borunun
ucundan elinizi ¢gekseniz o da
(...bombe de) gider.

EXCERPT-17

Ok, let’s change the question like this. I’'m
lifting the same dumbbell without bending
my arm (collaterally to the ground, the
teacher shows the movement); and I lift by
bending my arm just like I did before. |
want you to compare the forces here.

Peki, soruyu soyle degistirelim.
Ayn1 dambili bir kolumu bilkmeden
(yere paralel olacak sekilde,
6gretmen bu hareketi gosteriyor),
bir de 6nceki gibi kolumu biikerek
kaldirtyorum? Buradaki kuvvetleri
kargilagtirmanizi istiyorum?

When you do that like this (shows the
action) when you bend your arm, it will be
easier. However, when your arm is
straight, it will be harder; because your
arm will be in pain because of the weight.

Hocam soyle yaptigiizda (6grenci
elindeki cisimle bu hareketi
yapiyor) kolunuzu biiktiigiintizde
daha kolay olacaktir. Ama kolunuz
acikken zordur, ¢linki bir siire
sonra kolunuz agriyacaktir
agirliktan dolay1.

Why does my arm get in pain?

Neden kolum agrir?

Because you are stretching your arm and
the distance is expanding that way. / We
are implementing more force, it causes
more pressure than the other one; as a

Hocam uzattyoruz ya ondan. Yol
uzuyor. / Daha ¢ok kuvvet
uyguluyoruz, daha ¢ok baski
otekine gore, bu da tabi kolunuzu
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result your arm aches.

agritir.

I think in this way you are losing power
but gaining from the distance. / Because
(bending the arm) we use less force, but as
we see we move our arm less. However,
when we stretch our arm we use more
force and move our arm more. This arm
always works like this. I mean, it is the
same as levers. When it is close to that
thing (meaning the fulcrum), you can’t lift
up your friend. [S/he is responding to
his/her friend. They agree. S/he is
answering assuming that s/he is on a
seesaw.]

Hocam bence kuvvetten kayip
yoldan kazang var. /Ciinkii (kolu
biikerek) daha az kuvvet uygulariz
ama gordiigiimiiz gibi daha kisa
mesafeye gotiiriiriiz. Ama kol
acikken daha ¢ok gii¢c uygulariz
ama daha uzun mesafeye gotiiriiriiz.
Bu kol iste her zaman boyle ¢alisir.
Yani kaldiragta da boyle olur. O
seye (destege demek istiyor) yakin
olunca kaldiramryorsun arkadasini
[Diger arkadasina cevap veriyor.
Aynt fikirdeler. Tahterevalli de
oldugunu varsayarak cevap
veriyor.]

EXCERPT-18

Then, | am leaving once more? (Leaves
once more and watches the students
carefully)

O zaman bir kez daha birakiyorum?

(Bir kez daha birakir ve 6grenciler
dikkatle izler)

Heavy one is the one that contains more
water in it.

Agir olan, i¢inde fazla su olan.

There are people saying the heavy one.

Evet, agir olan var diyen var, baska,
ne dersiniz arkadasiniza?

| say the heavy one too.

Ben de agir diyorum.

| say the light one.

Hafif olan diyorum.

They will fall at the same time.

Ayni anda diiserler hocam.

Some people say “at the same time”. Yes,
don’t you have anything to say to the
students who say “at the say time”?

Ayn1 anda diyenler var. Evet, ayni
anda diyenlere bir diyeceginiz yok
mu?

When we leave Abant (the heavy one) and
Erikli (the light one), Erikli moves onto
Abant and they fall like that (stating
his/her observations)

Hocam Abant’la (agir olan)
Erikli’yi (hafif olan) birakinca
erikli Abant’in {izerine ¢ikiyor dyle
diistiyorlar (az 6nceki gozlemlerini
aktariyor).

Can you release them one by one; maybe
we can see more clearly this way? They
may be affecting each other when they are
so close to each other (opens his/her hands
and shows to the teacher how he should
release them.)

Hocam ayr1 ayr1 birakir misiniz
belki daha net goriiriiz? Cilinkii gok
yakinken birbirlerini etkiliyor
olabilir (ellerini agryor ve
Ogretmene nasil birakmasi
gerektigini soyliiyor.)

Ok, I will leave them separately for the

Ayr1 ayri birakirim, tamam. Son
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last time. Observe carefully!

kez birakiyorum. Liitfen dikkatli
gozlemleyin!

Erikli! The light one! (they say altogether)

Hocam erikli! Hafif olan! (Hep bir
agizdan).

We can assume this as thin and fat.
Because gravity affects the fat one more
(the bottle with more water) and it falls

faster.

Ogretmenim bunu zayif ve kilolu
olarak diislinebiliriz. Ciinkii kilolu
olani1 yer ¢ok ¢eker. O da (daha
dolu olan sise) daha hizl diiser.

EXCERPT-19

Alright, is there anybody here who has
watched baseball before? The baseball bat;
can we consider it as a simple machine?

Peki, sporlardan beysbolu izleyen
var m1 aranizda? Oradaki beysbol
sopast sizce basit makine midir?

I think, yes.

Basit makinedir hocam bence.

In my opinion, yes. With the bat we can
hit the ball to the further. I can’t do that
with bare hands. And this proves that it is
a simple machine.

Bence evet hocam, top gelince ¢ok
uzaga vurabiliyoruz. Sadece elimle
0 kadar uzaga vuramam. Zaten bu
da basit makine oldugunu gosterir.

Do all the machines make things easier?

Tim makineler is kolaylagtirir mi1?

No, some of them make things harder.

Hayir, hocam bazilari ig zorlastirir.

For instance, can you give an example?

Mesela, bir 6rnek verir misin
dedigine?

For example a sledgehammer. It is a heavy
thing, and we have to use more power lift
and hit with it.

Balyoz hocam mesela. Agir bir sey

0, ona daha ¢ok kuvvet uygulamak

zorunda kaltyoruz, kaldirip vurmak
igin.

Do you think we would use a machine that
makes things harder for us?

Sence 0 zaman igimizi zorlastiran
bir makineyi kullanir miy1z biz?

A sledgehammer makes things more
difficult; but we use it.

Hocam balyoz isimizi zorlastirir,
ama kullantyoruz.

Simple machines or the other machines,
they are all designed to make things easier
for us; otherwise we wouldn’t design
them. It is illogical.

Hocam bence isi zorlastiran
makineler yapilmaz ki! Basit olsun,
baska makineler olsun... Bunlarin
hepsi daha kolay olmasi igin
saglanir. Yoksa yani bir mantig1
kalmiyor.

You say that you don’t prefer a thing
which makes your task harder. Do you
agree with him/her?

Yani isimizi zorlagtiran bir seyi
cokta tercih etmem diyorsun?
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Katiliyor musunuz dedigine?

We can imagine something like this. We
can’t cut a bone with a small knife, we use
something bigger to cut into pieces (the
bone-in meat). But for the second
situation, we need more power. It may
make things difficult at the beginning,
however it enable us to complete our task.

Ogretmenim sdyle bir sey
diisiinebiliriz. Kemigi kesmek igin
minik bir bigak kullanirsak
kesemeyiz, ama par¢alamak i¢in
(kemikli eti) daha biiyiik bir seyle
pargaliyoruz. Ama onun i¢in (ikinci
durum i¢in) daha fazla kuvvet
uyguluyoruz. O belki isimizi basta
zorlagtirabilir, ama 6te yandan
isimizi kolaylastirir (isimizi
yapmamizi saglar).

EXCERPT-20

Getting bigger and getting smaller,
ok. Yes Firat? (Line-3)

Biiyiimesidir, kii¢iilmesidir, tamam. Evet
Firat? (Line-3)

Height is changing. The height and
/or angle of inclined plane affects this
time (Line-196).

Yiikseklik degisiyor. Egik diizlemin
yiiksekligi ve/yani acist bu siireyi
etkiliyor. (Line-196).

Ok, you are right. They are the same
thing. Let’s equalize them (Line-78).

Tamam, dogru sdyliiyorsun, ikisi de ayni
sey, ikisini de esitleyelim (Line-78).

The mass changes, ok (Line-205).

Kiitle degistirir, tamam (Line-205).

Exactly (Line-586).

Aynen 6yle (Line-586).

Ok, molecules hold each other. |
accept that (Line-189).

Tamam, molekiiller birbirlerini tutuyor,
onu kabul ettim (Line-189).

Burned in a shorter time, nice (Line-
252).

EXCERPT-21

Daha kisa siirede yandi ¢ok giizel (Line-
252).

Reverts back to the previous state... I
can call this object “flexible”, can’t
1?(this means “Do I understand you

correctly?” ; Line-9)

Eski haline doniiyor... Bu cisme de
esnektir diyebiliyorum, dyle mi?
(“Dogrumu anladim seni?” demek
istiyor; Line-9)

I didn’t get; the light one is shorter are
longer in terms of time? (Line-106)

Hafif olan siire olarak daha uzun mu,
kisa m1, anlayamadim? (Line-106)

What do you mean by
“mechanism”?(Line-9)

Diizenek derken neyi kastediyorsun?
(Line-9)

You say that gravity potential affects
this one more, do you?(Line-105)

Buna ¢ekim potansiyel daha fazla etki
eder diyorsun, dyle mi? (Line-105)
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Nasil? Agiklar misin biraz? (Line-382)

How? Can you explain a little? (Line-
382)

Kavisli oldugu i¢inde biraz o toplanmay1

Did you mean that its curved surface
helps the gathering?(Line-104)

kolaylagtirtyor mu demek istedin? (Line-

104)

Yani nasil tanimlarsin onu ya da nasil

How do you define it or how do you
differentiate them?(Line-104)

ayrim yaparsin? (Line-104)

EXCERPT-22

Incelik kalinligina gore... Yani sarim

According to the thickness... I mean,
your friend says number of turn is
important but for example if a very

thin spring is being wound, it changes
some kind of things or if it is a little

thick spring it also causes some
changes. (Line-161)

sayisi da 6nemlidir ama drnegin ¢ok ince
bir yay sariliyorsa o birtakim seyleri

degistirir ya da sarilan yay biraz kalinsa

degisebilir diyor arkadagimiz (Line-161)

Potansiyel enerjileri farklidir dedi

Have you heard? S/he said they had
different potential energies. (Line-9)

duydunuz mu? (Line-9)

Bakin arkadasiniz suraya destek dedi

Look, your friend called this
“fulcrum” (shows the elbow); and this
part s/he called (the distance between
elbow and wrist) as level arm. (Line-
94).

(dirsegi gosteriyor), suraya da (dirsek ve
kol bilegi mesafesi) kuvvet kolu dedi
(Line-94).

Sezer’in dedigi gibi mi dogru hem o hem

Is it just like Sezer told? Since we put
it like that; both it and the mass have
changed?(Line-37)

de kiitle degisti boyle koydugumuz igin?
(Line-37)

Himm, yani goriniirliigi de degistiriyor

Himm, your friend means that it
changes the visibility; have you
noticed? (Line-92)

mu diyor arkadasiniz, dikkat ettiniz mi?
(Line-92)

Ama Ismail dedi ki “Biiyiidiikce iniyor”.

Ismail said “It goes down when it gets
bigger; however, he also said “... it
doesn’t go down when it is small”?

(Line-255)

Ama “.. kiiciikken inmiyor” da dedi?
(Line-255)

Biraz 6nce de Giiney soyle dedi: “Ampul

A few minutes ago Giiney said “We
light a bulb and it starts giving light,
and also heat”. “Gtilsah says that first
the filament inside the bulb starts
getting hot, and as it get hotter
resistance occurs.”’(Line-61).

yakiyoruz o aydinlatmaya bagliyor o
aydinlattigi i¢in bir 1s1 ¢ikiyor”. “Giilsah
da diyor ki dnce diyor mesela ampuliin
ortasindaki direng 1sinmaya baglar o
1sindike¢a da direng ortaya ¢ikar” diyor
(Line-61).
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EXCERPT-23

I don’t know? Seher, what would you

like to say about your friend’s claim?
(Line-345)

Bilmem ki? Ne diyorsun arkadasinin
iddiasina Seher? (Line-345)

Look, s/he doesn’t approve your
claim... Yes, Kemal, what do you
think? (Line-219)

Iddianiz dogru degil diyor bak... Evet,
Kemal, ne dersin? (Line-219)

How can I know, yes kids what do

you say? What is your idea? Using

that nutcracker caused what? (Line-
16)

Bilmem ki, ne dersiniz ¢ocuklar? Sizce o
ceviz kiracagini kullanmasi neyi getirdi
beraberinde? (Line-16)

But you say it would show a change?
Orhan, would you like to give an
answer to that? (Line-99)

Ama bir degisiklik gosterir diyorsun?
Orhan sen buna bir cevap vermek ister
misin? (Line-99)

I don’t know, too. You? What would
you like to say? (Line-29)

Bilmiyorum bende, sizce, siz ne demek
istersiniz? (Line-29)

I wonder if it had an effect. I don’t
know, what do you think? (Line-495)

Acaba etkilemis olabilir mi? Bilmiyorum,
siz ne dersiniz? (Line-495)

Or, they are not the source of each
other, I don’t know, you say it. Is
there a relation between them, or not?
I mean, is it possible to make a bulb
which gives light without heat?(Line-
81)

Ya da birbirlerinin kaynag1 degiller mi
yani bilmiyorum, siz s6yleyin. Aralarinda
bir iliski var m1 yok mu? Yani yanip da
1sinmayan bir ampul olabilir mi acaba?
(Line-81)
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APPENDIX-D TRANSLATIONS OF THE EXCERPTS IN THE TEXT FOR

TEACHER

“Yaylarla ilgili c¢alisma bizim ilk
caligmamizdi. Ogrencilerle
diyaloglarindan daha ¢ok 6gretmen
merkezli bir sekilde siirecin isledigini
saniyorum. Daha cok onlarin
diigiinmesine firsat veya birbirleri ile
tartismasina vermeden siire¢  yiridi.
Buna eminim. Yani bir de dedikleri bana
basta bilim dis1 geldi, ben de hep
diizelttim. Sonra biraz sustular tabii.”

“The Springs implementation was the first
study of us. | suppose that there was a teacher-
centered process rather than student-led
dialogues. The process was maintained
without giving permission students’ thinking
and negotiating with each other. I am sure
about this. In the beginning, the students’
utterances seemed to be non-science, so, |
revised their sayings. Then, they kept quite
insofar.”

“Yani aslinda tartisma vardi ama iste
derin degildi ya da ben
derinlestiremedim. Bu nedenle biligsel
olarak st  diizeye cikmadigini
distiniyorum ¢ocuklarin. Yani bana
cevap verdiler ama ben diger sorular
sordugumda daha ileri gidemedi. Belki
de dogru sorulart soramadim tartigmayi
ileri tagimak igin. Aslinda baktigimda
¢ok iyi ornekler vardi. Bence 6grenciler
o Ornekleri verebildiler ama onlar
tartigmanin ilerleyen kisimlarinda nasil
kullanacaklarini tartisgamadik aslinda.”

“I mean, there was a discussion, but it was not
in-depth, or | couldn’t make it in-depth.
Because of this, the pupils were not got at a
higher cognitive level. The pupils responded to
me, but, when | posed further questions, the
discussion was not progressed. Perhaps, |
could not pose the right questions to progress
the discussion. Indeed, when | look at the
discussion, there were better examples. Up to
me, the students were able to provide those
better examples, but we could not discuss how
they would be using those for the proceeded
parts of the discussion.”

“Grafik ¢izimlerinde de ¢ok
zorlandiklarint hatirliyorum. Ben mesela
yay sabitini konusabilecegimizi
sanmistim. Ben anlattim verilerden yola
cikarak yay sabiti bulmayr ATBO
uygulamasinda.  Aslinda ben yay
sabitinden bahsetmisim simdi videoya
baktigimda. Ama pek anlamamis
goziikiiyorlar. Ama iste anlatmisim ben
direkt olarak.”

“I remember that the pupils found graphical
drawings difficult. For instance, | suppose that
we would be able to mention about the spring
constant. In the ABI implementation, | told
about revealing the spring constant by taking
the data into consideration. Indeed, when |
look at the video, | lectured what the spring
constant is. But, the pupils are seemed to not
to comprehend it. Since, | had lectured it
directly.”

Serbest diisme ile bagli bir sistemin
hareketi arasindaki iliskiyi agiklamayi ilk
giris arglimaninda (tartigmasinda) zor
bulmustu ¢ocuklar. Iste 0 zaman iyi bir
zitlagma olugtu Ogrencilerin kafasinda.
Yani isin iginden ¢ikamadilar hemen.
Ama On Ogrenmeleri ve bilgileri ile
tartismayr  giizel  besleyebildiklerini
diigiinliyorum. Bir de zaten o zitlagsma
olunca Ogrenciler tartigtilar, ben biraz
kenarda  durdum. Onlar  rahatga
konustular. Hatta sizle bazen gbéz goze
geldik. Iste ¢ok degisik bir yere
gideceklerdi. Ama iste biraz engelledim

“The pupils found it difficult to explain the
relation between free falling and the motion of
two attached objects (fixed pulley is implied)
in the course of initial negotiation. There was a
good confliction in the pupils’ mind at that
time. | mean they could not pull off from that
confliction. But, | suppose that the pupils were
able to foster the discussion by means of their
pre-learning and knowledge. In addition, | was
standing at the edge of the classroom when the
students were negotiating in the presence of
their conflictions. At that, we caught each
other’s eyes. I mean, they would direct the
negotiation to an irrelevant way. But, |
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ben, hep o zitlagmada kaldilar. Yalniz
hem beni hem de onlari rahatsiz eden bir
sey oldu. Aslinda ¢ok iyi tartigtilar, cok
iyi bir tartigma vardi ama iste tam
netlesemedik. Yani tartigma  sanki
sonlanmadi. Hatta bana dersten sonra da
¢cok sordular bagtaki celiski ile ilgili.
Tartisma sonunda “net” ve kendilerinden
emin ifadeler var ama. Tabi boyle iyi bir
tartismanin ~ sonlanmamasi  beni  de
¢ocuklar1 da rahatsiz etti. Yani biz bir
yere varmak isterdik ama agikta kaldi
gibi slireg. Ama iste genel Ogrenci
yorumlamalarina da bakilinca her sey
¢ok net aslinda, ¢ok 1iyi paylasip,
tartigmuglar.

prevented that, and the pupils stayed within
the bounds of the previous confliction. There
was something happened disturbing me and
the pupils. Actually, they argued elegantly,
there was a very good discussion; yet, we did
not become clearer for the end of the
discussion. I mean, we could not get through.
Even they asked many after the lesson
(implementation) concerning previous
confliction they held. There were clear and
confident student-led expressions at the end of
the discussion, however. Of course, this was
disturbing for me and the pupils since a rather
better discussion had not been got through. |
mean, we desired to come to somewhere
meaningful, but, it seemed that the process
was out of the line. However, when | look at
the general student-led interpretations, in real,
everything is clear as they were able to share
and discuss their ideas very good.”

“Bu uygulamada molekiiler ¢ekimi ve
saat camu ile igerisindeki akigkan
maddenin arasindaki ¢ekimi hayal etmek
ve tartismak 6grenciler i¢in maalesef pek
mimkiin olmadi. Yani keske bagka bir
sekilde  baglayabilseydim. Aslinda
denedim de defalarca. Ama iste konu ¢ok
soyuttu.”

“In this implementation, unfortunately, it was
not possible to imagine and discuss the
intermolecular forces and the attraction force
between the watch-glass and liquid matter
within it for the part of the students. | mean, |
wished to have been started in a different way.
Inreal, | had tried to start in different ways for
times. But, the subject was too abstract.”

“Yiizey gerilimi konusunda yapilan
caligmada ogrencilerden bircogu
aklindaki soru isaretlerini tam olarak
gidermemislerdi. Zaten deneylerde de
¢ok iyl seyler ummama ragmen
gegistirildi biraz. Belki de arastiracaklari
bir seyleri yoktu, yani arastirmak
istedikleri. Ciinkii biz onlara cevabin
hakikaten merak ettiginiz bir seyi
aragtirin  diyoruz. Aslinda uygulama
gecislerinde buna dikkat edilseydi basar
artacakti. Yani nereden basladik, nasil
buraya geldik, neden bunlari tartistik gibi
yerleri anlamadi 6grenciler. Dedigim gibi
konu fazlaca soyuttu.”

“During the Surface Tension implementation,
most of the students were not able to make
their questions away. | expected better
experimental processes for the students, but
those processes were circumvented. Perhaps
the students had not held something in their
mind to research into, | mean something that
they had desired to investigate. Since, we
mention that they should research into
something that they really wonder about it.
Indeed, if | had been careful in passing from
one phase to another phase of the ABI
implementation, the success would be higher. |
mean, the students could not make sense how
we start with, how we came to the point, why
we had discussed all these, and so forth. As |
had mentioned, the subject was overly
abstract.”

“Biraz da anlattim galiba. Ciinkii ¢ok sustular. O

zaman, yani onlar susunca ben de biraz tiiyo
vermek istedim. Baz1 noktalar1 anlattim. Ciinkii
yoksa tartigma tamamen kalacakti. Devam
etmek icin bazi noktalar1 onlarla paylagtim.”

“Presumably, | lectured some. Since, they
(students) considerably kept quiet. At this
time, when they kept quiet, | wanted to
provide some clues. So, | lectured some
points. In order to maintain the discussion, |
shared some point with them.”
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APPENDIX-F TURKCE OZET

OGRETMENIN SOYLEVSEL ROLLERI iILE OGRENENLERIN SINIF
SOYLEVINE BILISSEL KATKILARI ARASINDAKI iLISKILERIN
ARASTIRILMASI

1.Giris

Sinif sdylevi 6grenenlerin 6gretmenle birlikte sosyal diizlemden, bireysel diizleme
dogru anlami ya da olgular1 miizakere edip, yapilandirip, sonunda igsellestirdikleri
bir siiregler biitiiniidiir (Leach & Scott 1995, 2000, 2002; Mortimer & Scott, 2003,
Scott 1997, 1998). Sinif sdylevinde 6gretmen ile 6grenenler ve dgrenenler arasinda
biligsel, duyussal ve motivasyonel bir¢ok sozlii ya da sozlii olmayan etkilesim
gerceklesmektedir. Bu etkilesimlerin tamami, fen Ogretimi baglaminda ve
kapsaminda diisiiniildiiglinde, kendini ti¢ farkli diizlemde gostermektedir: arastirma-
sorgulama, argiiman kurma ve savunma ve sosyal dillerin farklilagmas1 ve
benzestirilmesi (Cavagnetto, 2010; Cavagnetto & Hand, 2012; Cavagnetto, Hand, &
Norton-Meier, 2010).

Genel itibariyle, 6grenenler bir arastirma-sorgulama stirecinde veri toplayip, bunlari
analiz ederek, yorumlayarak ve diger smif iiyelerine kendi argiimanlar1 halinde
sunarak bir dil-diistinsel sistemden diger dil-diisiinsel sisteme gegebilirler
(Cavagnetto, 2010; Hand & Keys, 1999; Hand & Prain, 2006; Gunel, 2006; Wallace,
et al. 2004). Bir dil-diisiinsel sistemden digerine gegilmesi dil ve diisiince arasindaki
karsilikliligi ve belirleyiciligi belirtmektedir (Scott, 1997; Vygotsky, 1962, 1978,
1981). Kisiler ancak diislinsel sistemlerinin onlara sundugu bir dili konusabilirler
(Vygotsky, 1962, 1978). Ornegin, bir 6grenen bitkilerin topraktan gesitli besinleri
alarak beslendigini diisiinebilir ve bu tip bir olguyu bu dil-diisiinsel sistemle agiklar.
Ayrica 6grenen bu dil-dislinsel sisteminden memnundur. Ciinkii c¢esitlenen
gozlemleri ve deneyimleri bu yondedir. Bu diisiinsel sisteme eslik edecek konusma

ya da dil “Bitkiler topraktan beslenirler” seklinde olacaktir. Bu bir kavram yanilgisi
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degildir, bu bagkalarinin (bilim insanlari, uzmanlar, Ogretmenler) dil-diisiinsel
sistemine alternatif bir dil-diisiinsel sistemdir. Ornekse, bir bitki fizyologu sistematik
veri toplayip, analiz ederek ve bunlar1 yorumlayarak, bitkilerin “ototrof canlilar” gibi
kendi besinlerini {irettigini sdyleyip, bu “fotosentez” siirecini c¢esitli “kimyasal
denklemlerle” agiklayabilir. Goriildigi {izere, ototrof, fotosentez, fotosentez
denklemleri gibi bir jargon dizisi (dilsel sistem) baska bir diisiinsel sisteme eslik
etmektedir. Bu dil-diisiinsel sistemde (bitki fizyologu i¢in gegerli olan) 6grenenin dil-
diistinsel sistemine alternatiftir (Leach & Scott 1995, 2000, 2002; Mortimer & Scott,
2003, Scott 1997, 1998).

Bu baglamda diisiiniildiiglinde, bu tez calismas itibariyle 6grenme kavrami bir dil-
diisiinsel sistemden digerine sosyal miizakereler ve igsellestirmeler araciligiyla
gecisin tim yonlerini ifade eder. Genelde, bilimcilerin ya da uzmanlarin kullandigi
dil-diistinsel sistem, 6grenenlerin kullandigi giinliik sosyal dillere gére daha makul,
aciklayict ve daha fazla tahmin edici giice sahiptir. Bu baglamda diisiiniildiigiinde,
pedagojik (6gretimsel) olarak bir 6gretmenin yerine getirmesi gereken yiikiimliiliik,
Ogrenenlerin  kendi dil-diisiinsel sisteminden baglayarak, daha makul olam
uyumlastirmasi ve igsellestirmesi noktasinda c¢esitli sdylevsel rolleri yerine
getirmesidir. Ogretmen Ogrenenlerin dil-diisiinsel sisteminden baglamalidir, ¢iinkii
bunlarin i¢indeki kavramsal, epistemolojik ya da ontolojik g¢eliskileri onlara
gosterebilirse, 6grenenler bu ¢eliskileri ¢oziimlemek igin veri toplama, analiz etme,
yorumlama, argiiman kurma ve savunma siireglerine angaje olabileceklerdir (Leach

& Scott 1995, 2000, 2002).

Bu calisma dolayisiyla smif i¢i arasgtirma-sorgulama siireclerini, Ogrenenlerin
argliman kurma ve savunma durumlarini ve de kendi kullandiklar1 daha naif olabilen
giinliik sosyal dilden, daha formalize edilmis baska bir sosyal dile gecisi bir bileske
olarak kullanmistir. Bu bileske baglaminda bu arastirmada O6gretmenin
sergileyebilecegi ya da sergilemesi gereken sOylevsel rolleri ile bu rollerin ¢esitli
sergilenme oranlarinin  ve niteliklerinin  (sOylevsel kullanim amaglarinin)

ogrenenlerin smif soylevine bilissel katkilarina etkisi derinlemesine aragtirilmistir.
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1.1Arastirmanin Amaci ve Sorulari

Bu calismada birbiri ile baglantili bes arastirma sorusuna yanit verilerek 6gretmenin
soylevsel rolleri belirlenmis ve dgrenenlerin belirlenen bu roller araciligiyla smif
sOylevinde ortaya koyabildikleri biligsel katkilar arastirilmistir. Bu c¢alismada
oncelikle yukarida bahsi gegen liclii bileskeyi yansitan bir 6gretimsel yaklasim iginde
sergilenebilecek dgretmen soylevsel rolleri arastirilmustir. Uglii bileskeyi yansitan
ogretimsel bir yaklastm Argiiman-Temelli Bilim Ogretimi (ATBO) olabilir
(Cavagnetto, 2010; Cavagnetto & Hand, 2012; Cavagnetto, Hand, & Norton-Meier,
bir baglamda arastirilmistir. ATBO, &grenenlerin bir arastirma-sorgulama siireci
kapsaminda, cevabini hakikaten merak ettikleri arastirma sorularma veri ve delil
temelli cevaplar ararken, kurduklar argiimanlari soru-iddia-delil dizgesi ile birbirleri
ile paylastiklarini, birbirlerini yanlisladiklar1 ve ikna etmeye c¢alistiklar1 bulgulayici
bir Ogretimsel yaklasimdir (Cavagnetto, 2010; Cavagnetto & Hand, 2012;
Cavagnetto, Hand, & Norton-Meier, 2010). Bu arastirmada &gretmen, aragtirma-
sorgulama yapma ve argiiman iiretme-savunma siireclerinde, 6grenenlerin belli bir
dil-diistinsel sistemden digerine gegisini saglarken ne gibi sdylevsel rolleri sergiler
sorusu Oncelikle cevaplanmaya calisilmistir. Diger bir deyisle, dncelikle bir fen
ogretmeninin ATBO uygulamalarinin baglamma uygun ve 6zel olacak sekilde ne

gibi sdylevsel rolleri sergilemesi gerektigi arastirilmisgtir.

Ikincil olarak bu caliymada &grenenlerin cevaplarmin anlamsal karmasikliginim,
Ogretmenin soylevsel rollerine nasil ve ne derecede bagli oldugu anlasilmaya
caligilmistir. Soylemlerin anlamsal karmagikligi, 6grenenlerin sinif sdylevini kendi
seslerinin varlig1 agisindan ne kadar baskiladiginin ve 6grenen sesinin kalitesinin bir
olgiisiinii  gostermektedir. Ogrenenlerin cevaplarmin anlamsal karmagikligmin
artirtlmasinin bir yolu, onlarin seslerinin simif i¢i sdylevi baskilamasindan ileri
gelmektedir (Martin & Hand, 2009; McNeill & Pimentel, 2010). Sonrasinda, ya da
bu nicel 6n kosul saglandiginda 6grenenlerin cevaplarinin anlamsal karmagikliginin

kalitesi ya da niteligi artabilmektedir. Ornegin, grenen cevaplarinin igerigi bir simif
346



ici sdylemde “Evet” , “Hayir”, “Sana katilmiyorum”, “Evet, ben de senin gibi
diislinliyorum” gibi daha diisiik anlamsal karmasikliktan, iliskili diisiinme ve
soyutlama yapma gibi daha karmasik anlamsal katkilara dogru degisebilir (Chin,
2006; 2007; Lefstein, Snell & Israeli, 2015). Bu baglamda, bu ¢alismada 6gretmenin
hangi soOylevsel rollerinin Ogrenenlerin sinif sdylevine anlamsal katkilarinin

karmasikligini artirip azalttigi derinlemesine aragtirilmistir.

Ucgiincii bir arastirma durumu olarak dgretmenin ATBO uygulamalarinda sergiledigi
cesitli sOylevsel rollerin, 6grenenlerin cevaplarinin biligsel yollarina nasil etki ettigi
aragtirilmigtir. Ogrenenler ATBO uygulamalarinda ¢esitli biligsel yollar1 tecriibe
etmislerdir. Ornegin ogrenenler kendi arastirma siireglerinde argiimanlarim
yapilandirirken gdzlemler, dlgiimler ve karsilastirmalar yapmuslardir. Ogrenenler
Ogretmenin sdylevsel rolleri araciligiyla miizakere ettikleri olgulara yonelik basit ve
ise-vuruk tanimlamalar yapmislar, bu agiklamalarini ¢esitli analojilerle gelistirmisler
ve neden-sonug iliskileri kurmuslardir. Otesinde &grenenler delil-temelli bilimsel
aciklamalarda bulunmuslar, timevarimci ve tiimdengelimci genellemelere ulagmiglar
ve bir problem durumunun ya da arastirma sorusunun ¢oziimlenmesi i¢in baglami
asan yeni bilimsel arastirma yontemleri Onermislerdir. Yukarida bahsi gecen ve
karmasikligi artan bir sekilde verilmis Ogrenene ait bilissel yollar, ATBO
uygulamalarinda siklikla 6grenenlerce tecriibe edilmistir (Grimberg & Hand, 2009)
ve bu bilissel yollarin ¢ogu elestirel diisiinme becerileri ile ortiismektedir (Ennis,
2002, 2004, 2011; Facione, 1990). Bu baglamda, arastirmada 6gretmenin ATBO
uygulamalarinda sergiledigi bazi 0Ozellikli sOylevsel rollerle, Ggrenenlerin
sergiledikleri nicelik ve nitelik agisindan degiskenlik gosteren biligsel yollarin

arasindaki iligkiler derinlemesine arastirilmistir.

Dordiincii aragtirma durumunda, 6grenenlerin akil yiiriitme tipleri ya da kalitelerinin,
Ogretmenin soylevsel rollerinden olumlu ya da olumsuz bir sekilde nasil ve ne
derecede etkilendigi arastirilmistir. Tiim ATBO uygulamalarinda 6grenenler soru-
iddia-delil dizgesi kapsaminda bir arastirma sorusu sormuslar, kendi arastirma

sorular1 temelinde 6n iddialar ya da 6n tahminler ortaya koymuslar ve sorularimi
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cevaplamak ya da iddialarini test etmek amaciyla da veri toplama, analiz etme ve
yorumlama siireglerine angaje olmuslardir (Cavagnetto, Hand, & Norton-Meier,
2010; Grimberg, Mohammed, & Hand, 2004; Hand, 2008). Akil yiiriitme agisindan
bir ATBO uygulamasinda en 6nemli noktalardan biri, dgrenenlerin ellerindeki ham
verileri nasil delile doniistiirdiikleri ile ilgilidir (Cavagnetto, 2010). Ham veriler
yorumlanmadig1 ya da lizerinde biligsel bir siire¢ olusturulmadig: takdirde delillere
doniisemezler. Baska bir deyisle, ATBO uygulamalarinda 6grenenler veri toplama
stireclerinde, kendi ham verileri lizerinde biligsel bir yiikiimliiliik aldiklarinda
verilerini delillerine dontistirmektedirler (Cavagnetto, 2010; Cavagnetto & Hand,
2012). Baska bir deyisle, deliller 6grenenler yaratana kadar yokturlar, ancak onlarin
ham veriler tizerinde akil yiiriitme siiregleri aracilig ile var edilirler (Cavagnetto,
2010; Cavagnetto & Hand, 2012; Cavagnetto, Hand, & Norton-Meier, 2010; Prain &
Hand, 1996). Sonug olarak, veri art1 akil yiirlitme siiregleri birlikte delil yaratma
siireclerini olusturmaktadirlar. Bu baglamda, bu calismada, dgrenenlerin ATBO
uygulamalarinda delillerini verilerden ¢ikarimlar araciligi ile olustururken ne gibi
akil yiiriitme tiplerini ya da kalite diizeylerini sergiledigi de 6gretmenin sergiledigi

soylevsel roller baglaminda arastirilmistir (Cavagnetto & Hand, 2012).

Son olarak bu calismada Ogretmenin sergiledigi soylevsel roller ile 6grenenlerin
argliman kurma-savunma kaliteleri arasindaki iligki derinlemesine incelenmistir. Bu
calismada, tim ATBO uygulamalarinda dgrenenler dgretmenin belirli sdylevsel
rolleri aracilifiyla argiimanlar iiretmeyi, karsi-argiimanlar ortaya koymayzi,
clirlitmeler sunmayi, gerekgelendirilmis ve desteklenmis argiimanlarla pozisyonlarini
korumay1 basarabilmislerdir (Cavagnetto, Hand, & Norton-Meier, 2010; Grimberg,
Mohammed, & Hand, 2004; Hand, 2008; Keys, Hand, Prain, & Collins, 1999). Bu
baglamda 6gretmen birbirine karst ya da alternatifli olarak diisinen veya argliman
kuran ogrenenlerin sOylemlerini kars1 karsiya getirmis, kendisi de bir argiimani
savunmus; taraf olmus, 0grenenlerin kendisine karsi-arglimanlar sunmasi igin de
cesitli ve ozellikli soylevsel roller gerceklestirmistir. Bu baglamda diisiintildiigiinde

besinci arastirma durumu, ogretmenin soylevsel rollerinin &grenenlerin ATBO
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uygulamalarindaki argiimanlarinin kalitelerine nasil ve ne derecede yansidigi ile

ilgilidir. Bu ¢alismanin tiim arastirma sorular1 agagida listelenmistir:

1) ATBO’niin sinif i¢i uygulamalarinda 6gretmen tarafindan hangi soylevsel
roller sergilenmistir?

2) ATBO’niin sinif i¢i uygulamalarinda 6gretmenin sergiledigi sdylevsel roller
Ogrenenlerin cevaplarinin anlamsal karmagsikligini nasil ve ne derecede
etkilemistir?

3) ATBO’niin siif ici uygulamalarinda &grenenlerin sergiledikleri bilissel
yollarla 6gretmenin sergiledigi soylevsel roller arasindaki iligski Oriintiileri
nelerdir?

4) ATBO’niin smif i¢i uygulamalarinda &grenenlerin ortaya koyduklari akil
yiriitme tipleri ile 6gretmenin sergiledigi soylevsel roller arasindaki iligki
ortintiileri nelerdir?

5) ATBO’niin smif i¢i uygulamalarinda &grenenlerin  olusturduklart
argiimanlarla Ogretmenin sergiledigi soylevsel roller arasindaki iligki

oruntiileri nelerdir?

2.Yontem

2.1 Arastirma Deseni ve Katilimcilar

Bu calisma temel bir nitel ¢alismadir (Creswell, 1998; Lincoln & Guba, 1985).
Temelde, 6gretmenin sergiledigi sdylevsel roller ve 6grenenlerin bu roller aracilig
ile smif sdylevine yapabildikleri biligsel katkilar kendi baglami i¢inde ve nitel bir
perspektifte incelenmistir (Merriam, 1998). Calismanin nitel bir perspektifte
ilerletilmesi, farkli ATBO uygulamalarindaki degisen 6gretmen sdylevsel rollerinin
ogrenenlerin sinif sdylevine biligsel katkilarina ne gibi olumlu ya da olumsuz
etkilerde bulundugunun arastirilmasina izin vermistir (Merriam, 1998). Bu baglamda,
her bir ATBO uygulamasi bir durum olarak diisiiniilmiis, bu farkli durumlar (ATBO

uygulamalar1) 6gretmen sdylevsel rolleri ve Ogrenen biligsel katkilar1 arasindaki
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ortaya ¢ikmasit disiinilen ve degiskenlik gosterecek muhtemel iligkilerin

derinlemesine incelenmesi amaciyla karsilastirilmistir.

Bu arastirmanin katilimecilarin1 2014-2015 egitim-6gretim yilinda 7. smif diizeyinde
olan, 19 6grenci (Kiz=12, Erkek=7) ve 12 yillik tecriibeye sahip olan bir fen ve
teknoloji dersi Ogretmeni olusturmustur. Ogrenenlerin yaslar1 13-14 arasinda
degismektedir. ATBO uygulamalar1 6zel bir okulda yapilmistir. Katilimei
Ogrenenlerin smifi ortalama diizeyde basarili bir siif olarak goriilmektedir.
Ogretmen, bu ¢alismanin veri toplama siirecinin baglamimi olusturan uluslararasi bir
proje araciligiyla goniilliiliik esasi itibariyle siireglere dahil edilmistir. Projenin
uygulamalar1 ve smif-i¢i profesyonel desteklerin saglandig: siireglerde dgretmenin
ATBO uygulamalarmna kars1 istekli ve siiregleri oldukca destekleyici oldugu
goriilmiistir. Ogretmen fizik oOgretmenligi boliimiinden mezundur, ortaokul
diizeyinde 12 wyillik fen Ogretimi tecriibesine sahiptir, ¢esitli idari gorevlerle
bulunmustur ve bundan 6nce sosyal es-olusturmaci baglami benimseyen, ATBO gibi
yaklagimlarin merkeze alindigi herhangi bir mesleki gelisim programina

katilmamugtir ya da bu tipte bir profesyonel destek almamustir.

2.2 ATBO Uygulamalari ve i¢cerigi

Bu ¢alismada 22 ATBO uygulamas1 hem veri toplama siireclerinin gerceklestirilmesi
hem de Ogretmenin ATBO yaklasimmi rutin bir sekilde sinif igi pratiklerine
yansitmas1 amactyla gerceklestirilmistir. Gilincellenmemis 6gretim programi (2014-
2015) temel alinarak Kuvvet ve Hareket, Madde ve Ozellikleri ve Isik ve Enerji
linitelere ait ¢esitli konularda toplamda 44 saati bulan ATBO uygulamalari
gerceklestirilmistir. Bu uygulamalar 2014-2015 mevcut 6gretim programinda yer
alan ve yedinci smif diizeyinde bulunan toplamda 78 kazanimin 37’sini (% 47.4)

kapsamaktadir.

Veri toplama siireclerinin temelini ya da asil baglamini olusturan ATBO

uygulamalar1 temelde birbirine bagh {i¢, asamada gerceklestirilmistir. Bu ii¢ asama
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su sekildedir: anlamin baslangi¢c sosyal miizakeresi, deneysel siiregler ve tiim grup
miizakereleridir. Ilk asamada, 6gretmen dgrenenlerle birlikte, 6gretim programinda
yer alan ¢esitli olgulara (enerji, kuvvet, hareket, 151k, yansima, ¢6ziinme, molekiiller
arasi baglantilar, vb.) yonelik onlarin dil-diisiinsel sistemlerini agiga ¢ikaracak agik
uclu miizakereler gergeklestirmistir. Bu siirecin en Onemli amaci, Ogretmen
tarafindan 6grenenlere onlarin dil-diisiinsel sistemlerine gémiilmiis olan kavramsal,
epistemolojik ve ontolojik ¢eliskilerin gosterilmesi ve bu tipte ¢eliskileri
¢oziimlemenin en iyi yollarindan birisinin veri toplama-analiz etme-yorumlama ve
bu siireglerde argiimanlar kurma olduguna 6grenenlerin ikna edilmesidir. Buna ek
olarak, ilk ATBO asamasmin sonuna dogru oOgrenenler iizerine derinlemesine
miizakere ettikleri olgulara ait arastirma degiskenleri yeniden miizakere edip, ¢esitli
arastirma sorular1 i¢cine bu degiskenleri yerlestirerek, cevabini hakikaten merak
ettikleri arastirma sorularini olustururlar. Bu anlamda 6gretmen 6grenen sorularini en
tist derecede c¢esitlendirmeli, ayn1 degiskenlerle ilgilenen Ogrencilerin sorularinin
degistirilmesi ya da genisletilmesi i¢in cesitli sdylevsel rolleri yerine getirmelidir

(Cavagnetto, 2010; Cavagnetto & Hand, 2012).

Ikinci asamada birinci asamada miizakere temelli olusturulan arastirma sorularini
yanitlamak iizere, 6grenenler ¢esitli deneysel diizenekler kurgularlar. Bu siireclerde
ogretmen Ogrencilerle verilerin nasil toplanmasi gerektigini, gilivenilir verilerin nasil
toplanabilecegini, gecerli bir veri toplama siirecinin nasil insa edildigini, ¢ok
degiskenli akil yiritmenin bilimsel ¢iktilar agisindan tasidigt 6nemi siirekli
miizakere eder, bu miizakerelerden ¢ikan sonuglarin Ogrenenlerin deneysel
pratiklerine yansimasmi amaglar. Ikinci asamanin sonunda &grenenler soru-iddia-
delil siireglerini tamamlarlar ve verilerini yorumlayarak tiim grup tartismasinda

digerlerini ikna etmek iizere delil-temelli arglimanlarini olustururlar.

ATBO uygulamasinin son asamast ise, diger iki asama ile baglantili olacak sekilde,
gruplarin delil-temelli agiklamalarini sundugu ve savundugu bir tiim grup miizakeresi
olarak ilerletilir. Bu baglamda 6grenenler olusturduklar1 argiimanlarin agiklayicilik

ve tahmin edicilik bakimindan gii¢lii ve zayif yanlarini veri-temelli olarak miizakere
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ederler. Burada amag digerlerinin argiimanlarin1 yanlislamak ve yok saymak degil,
miizakerenin olgusal, kavramsal, epistemolojik ve ontolojik agidan bir yerlere
ulasabilmesinin yollarmin acilmasidir. Ogretmen bu esnada galisma gruplarinin
birbirlerinin argiimanlarinin degerlendirilmesinin yollarin1 agmak amaciyla cesitli
sOylevsel rolleri icra etmektedir (Cavagnetto, 2010; Cavagnetto & Hand, 2012;
Cavagnetto, Hand, & Norton-Meier, 2010). Ozetle, tiim ATBO uygulamalari temelde
bu ¢, birbiri i¢ine gecmis miizakeresel dongliyli igererek ve yineleyerek

gergeklestirilmistir.

2.3 Veri Toplama Araclar ve Siirecleri

Bu calismada ii¢ tipte farkli veri toplanmustir. Bunlar (i) smif-ici ATBO
uygulamalarinin video kayitlari, (i) arastirmact alan notlart ve (iii) Ogretmenle
yapilan goriismedir. Video kayitlar1 tiim arastirma sorularina cevap verecek verilerin
saglanmast amaciyla toplanmistir. Dolayisiyla video kayitlar1 bu c¢alisma adina
birincil veri kaynagidir. Ogretmenin her sdylevsel roliiniin kaydedilmesi ve
dgrenenlerin tiim bilissel katkilarinin yakalanabilmesi i¢in ATBO uygulamalarmin
video kayitlar1 kullamlmistir. 11 farkli ATBO uygulamasmin, 22 video kaydi
gerceklestirilmistir. Her farklh ATBO uygulamasi (n = 11) okulun farkli bir
subesinde gergeklestirilmistir (7A, 7B). Uygulamalardan 10 tanesi (7)A subesinde
gergeklestirilmistir. {lk uygulamalarda gozlemlenen durumlar Ogretmen ve
arastirmaci tarafindan diger uygulamalar (7B subesi; n = 12) dncesinde miizakere
edilmis; eksiklikler, uygulamalarin iyi ve ¢alismayan yonleri not edilip, tartisilmis ve
sonraki uygulamalara miizakereye konu olan durumlar géz oniinde bulundurularak
baslanmigtir. Boylelikle daha iyi ATBO uygulamalari yapma firsati bulan
O0gretmenin sergilemesi muhtemel soylevsel rolleri ve Ogrenenlerin cevaplarinin
anlamsal karmagikliklari, biligsel yollari, akil yiiriitme tipleri/kaliteleri ve argiiman
kurma-savunma kaliteleri analitik bir bi¢cimde sistematik gozlem verisi olarak

kaydedilebilmistir (Mercer, 2004, 2010; Mercer & Dawes, 2014).
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Video kayitlarina ek olarak, arastirmaci alan notlar1 ve Ogretmenle yapilan
goriismede bu calismada ikincil veriler olarak kullanilmustir. Ikincil veri
kaynaklarinin analiz edilmesi ile ATBO uygulamalarinda 6gretmenin sdylevsel
rolleri ile Ogrenenlerin biligsel katkilar1 arasinda kesfedilmis olan farkliliklar ve
benzerliklerin nedenleri arastirilmistir ve acgiklanmaya calisilmistir. Baska bir
deyisle, ornegin dordiincii ATBO uygulamasi ile besinci ATBO uygulamasi
arasindaki Ogrenenlerin simif sdylevine biligsel katkilar1 acisindan olusan baglam
temelli farkliliklar, ikincil veri kaynaklarinin analiz edilmesi ve yorumlanmasi ile
daha net bir sekilde agiklanabilmistir. Dolayisiyla ikincil veri kaynaklarina ihtiyag
duyulmustur.

2.4 Veri Analizi Siirecleri

Bu c¢alismada temelde iki tipte, birbirini destekleyen veri analizi siiregleri
isletilmistir. Bunlar Sosyo-kiiltiirel S6ylev Analizi (SSA; Mercer, 2010) ve Segici
Veri Kodlama/Analizidir (SVA; Goulding, 1999; Strauss & Corbin, 1990). SSA
dgretmenin ATBO uygulamalarindaki sergiledigi tiim analitik sdylevsel rolleri ortaya
¢ikarmak i¢in kullanilmigtir (Aragtirma Sorusu-1). SSA, ek olarak, diger arastirma
sorularina  konu olan ogretmenin sdylevsel rolleri ile &grenenlerin ATBO
uygulamalarindaki sinif sdylevine biligsel katkilar1 arasindaki iligkileri analitik olarak

ortaya ¢ikarmak amaciyla da kullanilmistir.

SSA kendi i¢inde iki alt asamada gerceklestirilmistir. Bunlar kodlama-sayma ve
boliim-parca analizidir (Mercer, 2004, 2010; Mercer & Dawes, 2014). Kodlama-
sayma alt asamasi her bir analitik Ogretmen sdylevsel roliiniin ayiklanmasi,
belirlenmesi, sayilmasi ve ATBO uygulamalari boyunca oransal/niceliksel
karsilastirmalarinin yapilmasi amaciyla gergeklestirilmistir. Buna ek olarak, her bir
ogrenen biligsel katkisinin ATBO uygulamalar1 boyunca ayiklanmasi, belirlenmesi,
sayllmasi ve oransal/niceliksel karsilagtirmalar1 da kodlama-sayma alt asamasi ile
gerceklestirilmistir. Tim kodlamalar ve sonrasinda gerceklesen sayma iglemleri

farkli kod kataloglart ile geceklestirilmistir. Kullanilan kod kataloglart hem veri-
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temelli hem de teori-yiiklii bir sekilde olusturulmustur (Mercer, 2004, 2010; Mercer
& Dawes, 2014). Baska bir deyisle, kod kataloglart hem teorik bulgular hem de bu
calismaya 6zgii olan verinin 6zelligi goz ontinde alinarak olusturulmustur (Lincoln &
Guba, 1985). Tiim kodlama siireci 6gretmen sodylevsel rolleri ve 6grenen bilissel
katkilar1 baglamlarinda belli uzmanlasmalart olan aragtirmacilar tarafindan
gergeklestirilmistir.  Kodlamalardaki ayriks1 durumlar ve tutarsizliklar siirekli
miizakereler yoluyla ¢6ziimlenmeye calisilmis ve kodlayicilar arasi tutarlilik oranlar
kabul edilebilir diizeylerde saptanmistir (Miles & Huberman, 1994).

SSA’nin ikinci alt asamasi boliim-parga analizidir. Boliim-par¢a analizinin temel
amac1, dgrenenlerin smif sdylevine katkilar1 agisindan ATBO uygulamalar1 boyunca
olusan farkliliklarinin, G6gretmenin sodylevsel rollerinde meydana gelmis olan
niceliksel ve niteliksel farkliliklarinin yeniden arastirilmasi yoluyla agiklamasidir. Bu
amacgla, ATBO uygulamalarinda 6ne ¢ikan ya da Ogretmen tarafindan niceliksel
olarak veri-temelli bir kriterin {izerinde (%10) sergilenen sdylevsel rollerin
kullanimlari, niteliksel niianslarinin belirlenmesi amaciyla daha derinlemesine
siirekli karsilastirma yoluyla arastirilmistir Ogretmen soylevsel rollerinin 6gretimsel
kullanim amacindaki nitel niianslar ya da ATBO uygulamasinin baglamina ait ince
ayrimlar, sdylevsel roller ve 6grenen biligsel katkilar1 arasindaki ilisikleri agiklamada
ciddi rol oynamistir. Her bir ATBO uygulamasinin desifre edilmis halinden ilgili
sOylevsel role ait parcalar ya da boliimlerle ayni1 sdylevsel roliin sergilendigi baska
bir ATBO uygulamasindan alinan parga ya da boliimlerdeki niteliksel ya da sdylevsel
kullanim amaglar siirekli olarak karsilastirilmistir. Bu karsilastirmalardan elde edilen
soylevsel rollerin sergilenmesine ait nitel farkliliklar ya da benzerlikler, 6gretmen
sOylevsel rolleri ve Ogrenenlerin smif sOylevine katkilar1 arasindaki iliskilerin

aciklanmas1 amaciyla kullanilmistir (Mercer, 2004, 2010; Mercer & Dawes, 2014).

Veri analizinin son asamasi olan SVA’da, arastirmaci alan notlar1 ve 6gretmenle
yapilan goriismeden elde edilen veriler, kodlama-sayma ve bdliim-par¢ca analizi
boliimlerinden elde edilen verilerin desteklenmesi amaciyla kullanilmistir (Goulding,
1999; Strauss & Corbin, 1990). Dolayisiyla veri analizinin bu asamasinda segici veri

kodlama islemi gerceklestirilmistir. Bagka bir deyisle, onceki analizlerden elde edilen
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Ogretmen sdylevsel rolleri ve Ogrenenlerin siif sdylevine katkilart arasindaki
iliskilere ait bulgular, arastirmaci alan notlar1 ve 6gretmenle yapilan goriismeden elde
edilen bulgularin sec¢ilmis bir kisminin nitel analizi ile desteklenmis ve

pekistirilmistir.

2.5 Gegerlik ve Giivenirlik

Bu c¢alismada veri toplama ve analiz siireglerinin gegerli ve giivenilir bir sekilde
gerceklestirilebilmesi icin belli basli yontemsel siirecler isletilmistir. Bu ¢alismada,
veri toplama, verileri analiz etme ve bulgulari yorumlama siireglerinde inandiricilik,
transfer edilebilirlik ve gilivenirlik Olgiitleri ¢alismanin bilimselligi agisindan ise
kosulmustur (Marshall & Rossman, 2011). Arastirmanin inandiriciligl igin

arastirmaci,

e Uzun siiren baglam temelli sistematik gozlemler gergeklestirilmis (bir okul
yil1 siiren video-temelli gézlem kayitlar),

e Uzun siireli ve baglama gomiilmiis alan notlarin1 kaydetmis ve bunlar
yorumlayarak tekrar organize etmis,

e ATBO uygulamalarindan 6nce smifin ve okulun iiyeleri ile samimi iliskiler
kurulmus;

e Das bir aragtirmaci olarak degil, kurumun bir liyesi olarak gorev yapmus,

e Ogretmenle ¢alismaya ait bulgular miizakere etmis,

e Kodlama kataloglarinin olusturulmasi ve kodlama siireglerinde dis
uzmanlardan stirekli geri bildirimler almistir,

e Verileri farkli kaynaklardan elde etmistir.
Calismanin transfer edilebilirlik 6l¢iitiiniin yerine getirilmesi i¢in ise;

e \eri toplama siireglerinin gerceklestirildigi ATBO uygulamalarinin

basamaklar1 ve diger ayrintilar1 detayl: bir sekilde agiklanmus,
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Calisma alani,calisilacak grup, 6gretmen ve 6grenciler, 6zellikle ve amacl bir

sekilde secilmistir.

Calismanin glivenirliginin saglanasi igin ise;

Veri toplama siiregleri net ve derin bir sekilde agiklanmis ve
gergeklestirilmis,

Video-temelli sistematik gdzleme izin verecek veri tipinde veriler toplanmus,
Diger arastirmacilarin ve uzmanlarin geribildirimleri alinmis,

Kodlama islemleri genellikle ulasilabilir ve teori-yiikli kataloglar araciligiyla
gerceklestirilmistir.

Bulgular ve Yorumlar

Bu calisma temelde ogretmenin ATBO uygulamalarinda sergiledigi soylevsel

rollerle, 6grenenlerin sinif igi sdyleve biligsel katkilar1 arasindaki iligkileri cesitli

baglamsal yonleri ile aragtirmay1 amaglamistir. Bu kisimda yogun veri analizlerinden

elde edilen bulgular ve sonuglar arastirma sorular1 temelinde sunulacaktir. Oncelikle

analizi gergeklestirilen yedi ATBO uygulamasi sunlardir:

N o a ~ w D oE

Yaylar Uygulamasi,

Egik Diizlem Uygulamasi,
Basit Makinalar Uygulamasi,
Sabit Makaralar Uygulamasi,
Cozeltiler Uygulamasi,
Yiizey Gerilimi Uygulamasi,

Isik-Enerji Uygulamasi.

Birinci arastirma sorusu ATBO uygulamalarinda hangi 6gretmen sdylevsel rollerinin

ne derecede ve nasil sergilendigi ile ilgilidir. Birinci aragtirma sorusuna ydnelik

bulgular degerlendirildiginde temelde iki sonuca ulasilmaktadir:

356



a. Ogretmen, ATBO uygulamalar1 boyunca genis bir yelpazede ya da gesitlilikte
sOylevsel rolleri sergilemis ve tespit edilen 6gretmen sOylevsel rolleri hem
ogrenen-merkezli (diyalojik) hem de ogretmen-merkezli (monolojik) bir
egilime sahiptir.

b. Ogretmenin ATBO uygulamalar1 boyunca sergiledigi ii¢ rol diger rollere gore

niceliksel/oransal olarak daha baskin bir sekilde sergilenmistir.

Ogretmenin sergiledigi roller ve yiizdelik oranlar1 asagida yer alan Tablo 1°de
gosterilmistir. Tablo 1 incelendiginde 6gretmenin sekiz farkli (iist diizey kategoriler
olarak) soylevsel roli ATBO uygulamalarinda gergeklestirdigi soylenebilir.
Ogretmen ATBO uygulamalar1 boyunca;

1. Ogrenenlere bilgi vermis ve onlarin cevaplarmi degerlendirmis,

2. Ogrenenlerin cevaplarini 6zetleyip, bazilarini elemis ve digerlerini cevaplar
havuzunda biriktirmis,

3. Ogrenenlerin cevaplarimin ardinda yatan akil yiiriitmeyi grenmek icin
onlara cesitli sonda sorulari sormus,

4. Ogrenenlerin ilgisini sinif séylevine odaklamak ve onlarin iist-biligsel bir
soylevsel farkindalik olugturmalari icin cesitli hamleler yapmus,

5. Ogrenmenin sorumlulugunu genelde “Bilmiyorum, siz ne dersiniz?”
diyerek ogrenenlere yikmig ve dgrenenlerin birbirlerinin argiimanlarini,
fikirlerini, iddialarini, akil yiiriitmelerini degerlendirmeleri icin
yonlendirmis,

6. Bilimsel arastirma silireglerinin nasil  gergeklestigini  gostermek igin
ogrenenlere rol-model-bilimci becerilerini bizzat géstermis,

7. Ogrenenlerin argiimanlarini gelistirmeleri i¢in pozisyon alip (taraf olup),
kars1 arglimanlar ve ¢iiriitmeler iiretip, seytanin avukati roliinii oynamus,

8. Sosyal anlamda miizakerenin ger¢eklesmesi yani sadece fikirlerin tartigilmasi
magiyla demokratik ve derin miizakerelere izin veren bir atmosfer yaratmak

icin belirli roller sergilemistir.
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Yukarida ifade edilen ve 6gretmenin ATBO uygulamalarindaki sergiledigi sekiz
sOylevsel roliin ii¢ tanesi Tablo 1’de de goriildiigii lizere diger bes sdylevsel rolden
daha baskin bir sekilde sergilenmistir. Diger bir deyisle, one ii¢ 0gretmen sdylevsel
rolii her ATBO uygulamasinda diger rollere gore niceliksel olarak &nemli bir
derecede farklilasarak 6gretmen tarafindan sergilenmistir. Bu baglamda, 6gretmen
ATBO uygulamalarinda &ncelikle dgrenenlerin cevaplarmin ardinda yatan akil
yiiriitme ya da niyetleri anlamaya ve disa vurmaya calismistir. Bu sdylevsel amag
dogrultusunda, 6gretmen ogrenenlerin cevaplarinin ardinda yatan akil yiiriitmeyi
ogrenmek icin onlara gesitli sonda sorulart sormustur. Ogretmen &grenenlerin
cevaplarinin artalan akil yiirlitmesini ya da niyetlerini ortaya ¢ikardiktan sonra, sinif
sOylevinde neler oldugunu tiim sinif {iyelerine belirtmek i¢in, 6ne ¢ikan cevaplarin
digerleri tarafindan da odaklanilmasini saglamak icin, kisaca sinifta soylevsel olarak
nelerin gergeklestigine yonelik iist-biligsel bir farkindalig1 6grenenler adina yaratmak
icin birtakim sdylevsel rolleri sergilemistir. Bu 6ne ¢ikan iki 6gretmen soylevsel roli
once Ogrenenlerin arglimanlarinin, fikirlerinin, sdylemlerinin ya da iddialarinin
ortaya ¢ikarilmasini ve netlestirilmesini, sonrasinda ise 6grenenlerin cevaplarinin ya
da smif soylevinin takip digerleri tarafindan takip edilmesini, odaklanilmasini ve
izlenilmesini saglamaktadir. Bu iki sdylevsel role ek olarak, tim ATBO
uygulamalarinda Ogretmen, Ogrenmenin ya da smif sdylevinin sorumlulugunun
ogrenenlerde kalmasi i¢in, onlarin argiimanlarini, sdylemlerini, iddialarmi ve
fikirlerini birbirine ydneltmis, degerlendirmeci bir ortam olusturmustur. Ozetle bu ii¢

ogretmen sdylevsel rolii tiim ATBO uygulamalari igin konsolide olmustur.

Yontem kisminda da bahsedildigi {izere, 6grenenlerin simif sdylevine katkilarinin
analitik goriinlimlerinin belirlenmesi i¢cin de SSA’nin baslangic asamasi olan
kodlama-sayma islemi gergeklestirilmistir. Ogretmenin sdylevsel rollerinin analitik
goriiniimlerinin her bir ATBO uygulamasinda niceliksel oranlarinin belirlendigi gibi,
Ogrenenlerin cevaplarinin anlamsal karmasiklig1 (arastirma sorusu-2), biligsel yollar
(aragtirma sorusu-3), akil yiirlitme tipleri (arastirma sorusu-4) ve argiiman kurma

kaliteleri de (arastirma sorusu-5) hem kodlanmis hem de ATBO uygulamalari
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boyunca oransal karsilastirmalar yapmak igin sayilmistir. Bu baglamda yapilan
analizlerde Ogrenenlerin smif soylevine katkist agisindan birtakim sonuglara

ulasilmstir.

Tablo 1. Ogretmen Sdylevsel Rollerinin ATBO Uygulamalar1 Boyunca Sergilenme

Yizdeleri

Uygulamalar* UpKl UDK?2 UDK3 UDK4 UDK5 UDK6 UDK7 UDKS

Yaylar 18 2,3 46 11 9,3 7,3 58 0
Egik Diizlem 15 0,7 41 16 11 11 4,7 1
Basit Makinalar 43 1,2 49 15 23 3,7 43 0
Sabit Makaralar 2,6 0,5 47 19 22 15 7,7 0
Cozeltiler 4.9 1,3 47 19 15 6,3 6 1
Yiizey Gerilimi 4,9 1,5 47 16 21 1,9 7,1 0
Isik & Enerji 9 51 40 9 25 2,8 9 0

*UDK: Ust Diizey Kategori; UDK-1: Bilgi verir ve degerlendzrzr UDK-2: Secer ve ozetler; UDK-3:
Derinlegtirir, agiklastirr; UDK-4: Odaklar, takibe yonlendirir; UDK-5: Reﬂektzf soylev rollerini icra
eder; UDK-6: Bilim insamimi modeller; UDK-7: Celdiriciler sunar; UDK-8: Séylevin devamliligi
saglar.

Oncelikle, Egik Diizlem (%16), Sabit Makaralar (%22,88) ve Cozeltiler (%16)
ATBO uygulamalarinda 6grenenlerin cevaplarmin anlamsal karmasikligi diger
uygulamalara gore cogunlukla en diisiik diizeylerde (cahiliyet bolgesi, tek-yonlii
cevaplar) tespit edilmistir. Bu bulguya ek olarak, Basit Makinalar (%48,6) ve Sabit
Makaralar (%26,14) ATBO uygulamalarinda ise dgrenenlerin cevaplarmin anlamsal
karmasikligi diger uygulamalara gore ¢ogunlukla en yiiksek diizeylerde (iliskisel,
genisletilmis soyutlamalar1 belirten cevaplar) tespit edilmistir. Bu baglamda, ikinci
aragtirma sorusu agisindan, ATBO uygulamalar1 boyunca, égrenenlerin cevaplarmin
anlamsal karmasikligi her ne kadar 6ne ¢ikan {i¢ 6gretmen soylevsel rolii olsa da

oldukga farklilagmustir.

Ogrenenlerin ATBO uygulamalarina bilissel yollar agisindan katkilarina bakildiginda
da yine uygulamalar arasinda ciddi farklilasmalar gozlemlenmistir. Ogrenenlerin

cevaplarinin bilissel yollar1 Egik Diizlem (%47), Cozeltiler (%49) ve Yiizey Gerilimi
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(%45,8) ATBO uygulamalarinda diger uygulamalara gore c¢ogunlukla en diisiik
diizeylerde (algilama diizeyi: gézlemleme, 6lgme, karsilastirma) tespit edilmistir. Bu
bulguya ek olarak, Basit Makinalar (%28,36) ve Sabit Makaralar (%38,1)
uygulamalarinda ise 0grenenlerin cevaplarinin biligsel yollar1 diger uygulamalara
gore cogunlukla en iist diizeylerde (soyutlama diizeyi: bilimsel agiklama yapma,
tiimevarimsal ve tiimdengelimsel akil yiirlitme yapma) tespit edilmistir. Bu
baglamda, {iciincii arastirma sorusu acisindan, ATBO uygulamalar1 boyunca,
Ogrenenlerin cevaplarinin biligssel yollar1 her ne kadar one ¢ikan ii¢ Ogretmen

sOylevsel rolii olsa da oldukga farklilagsmistir.

ATBO uygulamalarinda 6grenen cevaplarinin akil yiiriitme tipleri ya da kaliteleri de
diger bilissel katkilarda oldugu gibi ciddi derecelerde farklilagsma gostermistir. Genel
olarak degerlendirildiginde, Yaylar (%48), Egik Diizlem (%53), Cozeltiler (%47) ve
Yiizey Gerilimi (%52) ATBO uygulamalarinda, 6grenenlerin cevaplarinin akil
yiiriitme kalitelerinin diger uygulamalara gore c¢ogunlukla en diisiik diizeylerde
(desteklenmemis akil yiiriitme, totolojik akil yiiriitme) oldugu tespit edilmistir. Ote
yandan, dgrenenler sadece Basit Makinalar ATBO uygulamasinda (%35,5), diger
uygulamalara  gore c¢ogunlukla  delil-temelli  akil  yiiriitme  becerisini
sergileyebilmislerdir. Ayrica, Basit Makinalar (%23,8) ve Sabit Makaralar (%18,3)
ATBO uygulamalarinda, 6grenenlerin akil yiiriitme kaliteleri diger uygulamalara
gore cogunlukla daha iist diizeylerde seyretmistir. Bu baglamda, dordiincii arastirma
sorusu agisindan, ATBO uygulamalar1 boyunca, ogrenenlerin cevaplarmin akil
yiirtitme kaliteleri her ne kadar 6ne ¢ikan {i¢ 6gretmen sdylevsel rolii olsa da olduk¢a

farklilasmistir.

Son olarak, &grenenlerin ATBO uygulamalarindaki argiiman kurma kaliteleri de
diger bilissel katkilarda oldugu gibi uygulamalar boyunca ciddi farklilagmalar
gostermistir. Sonuglar genel olarak degerlendirildiginde, Yaylar (%47), Egik Diizlem
(%53), Cozeltiler (%50) ve Yiizey Gerilimi (%52) ATBO uygulamalarinda
Ogrenenlerin argiiman kurma ve savunma Kkalitelerinin diger uygulamalara gore

cogunlukla en diisiik diizeylerde (Diizey-1 Argiimantasyon; gerekg¢elendirilmemis
360



bilgi iddialar1) kaldig1 tespit edilmistir. Ote yandan, 6grenenler sadece Basit
Makinalar ATBO uygulamasinda (%72), 6grenenler, diger uygulamalara gore,
cogunlukla en az bir gerekge tarafindan desteklenmis bir bilgi iddiasin1 savunma
durumunu sergileyebilmiglerdir. Ayrica 6grenenler sadece Sabit Makaralar (%16)
ATBO uygulamasinda, diger uygulamalara gére, cogunlukla hem gerekcelendirilmis
argiimanlar ortaya koyabilmis hem de giiglii ciiriitmeler iiretebilmislerdir. Bu
baglamda, besinci arastrma sorusu agisindan, ATBO uygulamalar1 boyunca,
Ogrenenlerin cevaplarinin argiiman kaliteleri her ne kadar 6ne ¢ikan ii¢c 6gretmen

soylevsel rolii olsa da oldukea farklilagsmustir.

Bu kisma kadar, hem 6gretmenin ATBO uygulamalari boyunca sergiledigi sdylevsel
roller hem de Ogrenenlerin smif sdylevine bilissel katkilari analitik bir sekilde
kodlanmis ve sayilmistir. Ancak dgretmenin sdylevsel rolleri ve dgrenenlerin ATBO
uygulamalarina biligsel katkilar1 ayriksi bir sekilde kalmistir ve heniiz birbirine
baglanmamistir. Bu ¢alismanin temel amaglar diisiiniildiigiinde, sayilmis-kodlanmis
Ogretmen soylevsel rollerini, sayilmis-kodlanmis Ogrenen bilissel katkilarina
baglayabilmek adina, ileri analizler (ek analizler) gergeklestirilmistir. ileri ya da ek
analizler bolim-parca analizini ve arastirmaci alan notlar1 ve 6gretmenle yapilan
goriismenin analizlerini igermektedir.

Bolim-par¢a analizi, Ogrenenlerin sinif sdylevine biligsel katkilarimi artirip
azaltabilecek dgretmen sdylevsel rollerinin ATBO uygulamalar1 boyunca nicel ve
nitel niianslara sahip olup olmadigini belirlemeyi amaglamistir. Boliim-parga analizi,
veri temelli bir kritere gore secilmis dort Ogretmen sodylevsel becerisi igin
gerceklestirilmistir. Arastirmaci alan notlarimin ve Ogretmen goriismesinden elde
edilen verilerin analizlerinden elde edilen bulgular ise, béliim-parga analizinden elde
edilen bulgu ve yorumlamalarin desteklenmesi ve pekistirilmesi amaciyla goz

oniinde bulundurulmustur.

Oncelikle béliim-parca analizi, se¢ilmis iki 6gretmen sdylevsel becerisi igin ATBO
uygulamalar1 boyunca herhangi 6nemsenecek ve kritik nicel ve nitel niianslarin

olmadigini1 gostermistir. Bu sdylevsel roller sunlardir: dgrenenlerin cevaplarinin
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ardinda yatan akil yiiriitmeyi 6grenmek icin onlara cesitli sonda sorulari sormak ve
Ogrenenlerin ilgisini smif sdylevine odaklamak ve onlarin list-biligsel bir soylevsel
farkindalik olusturmalar1 icin cesitli hamleler yapmak. Ote yandan, boliim-parca
analizi, secilmis diger iki 6gretmen sdylevsel becerisi igin ATBO uygulamalari
boyunca ciddi derecede dnemsenecek ve kritik nicel ve nitel niianslarin oldugunu
dogrulamistir. Bu sdylevsel roller sunlardir: 6grenenlere bilgi vermek ve onlarin
cevaplarin1 degerlendirmek, Ogrenmenin sorumlulugunu “Bilmiyorum, siz ne
dersiniz?” diyerek 6grenenlere yliklemek ve 6grenenlerin birbirlerinin argiimanlarini,

fikirlerini, iddialarini, akil ytiriitmelerini degerlendirmeleri i¢in yonlendirmek.

Ogretmen ATBO uygulamalari boyunca degerlendirmeci ve bilgi saglayici sdylevsel
rolleri sergilemeyi artirdik¢a, 6grenenlerin cevaplar sinif sdylevine katkida bulunma
noktasinda, Ozellikle verilen cevaplarin anlamsal karmasikligi baglaminda daha
diistik diizeylerde kalmiglardir (arastirma sorusu-2). Bu bulgu ayrica arastirmaci alan
notlart ve 6gretmenle yapilan goriismeden elde edilen bulgularla da pekistirilmistir.
Ogretmen degerlendirmeci ve bilgi saglayict soylevsel rolleri sergilemeyi
artirdiginda, Ogrenenler fikirlerini acgik¢a ifade edebilseler de, Ogretmen bilgi
saglayict ve degerlendirici bir siif sOylevi atmosferinde, 6grenenlerin fikirlerini
derinlestirmek, agikliga kavusturmak ya da somutlastirmak i¢in herhangi bir
sdylevsel rolii icra etmemis ya da diisiik diizeylerde sergilemistir. Ogretmen bunun
yerine kendine ait ya da 6grenenler adina degerlendirmeler, soyutlamalar ve bilimsel

aciklamalar yapmustir.

Yukaridaki bulgulara ek olarak, bolim-parga analizlerinden elde edilen bulgular,
O0gretmenin artan derecede sergilenen degerlendirmeci ve bilgi verici sOylevsel
rollerinin 6grenenlerin cevaplarinin akil yiriitme kalitelerini de olumsuz olacak
sekilde ve Onemli derecede etkileyebilecegini gostermistir (arastirma sorusu-4).
Diger destekleyici veri kaynaklar1 da analiz edilip, degerlendirildiginde, 6gretmenin
belirli ATBO uygulamalarinda dgrenenler adma veri-temelli ya da delil-temelli
cikarimlari yaptigi, dolayisiyla bunun 6grenenlerin akil yiiriitme kalitelerine olumsuz

yansidigi tespit edilmistir. Ozetle, dgrenenlerin ozellikle veri-temelli ya da delil-
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temelli akil yiiriitme tiplerinin, Ogretmenin degerlendirmeci ve bilgi saglayict
sOylevsel roliiniin asir1 sergilenmesinden ciddi derecede ve olumsuz etkilendigi tespit

edilmistir.

Boliim-parga analizine konu olan baska bir Ogretmen soylevsel roliiniin de
Ogrenenlerin sOyleve bilissel katkilar1 agisindan onemli bir role sahip olacagi da
tespit edilmistir. Bu sdylevsel rol iist bir kategori olarak ifade edildiginde reflektif
sOylev olarak adlandirilmistir (6gretmen 6grenmenin sorumlulugunu “Bilmiyorum,
siz ne dersiniz?” diyerek Ogrenenlere yikmis ve Ogrenenlerin birbirlerinin
arglimanlarini, fikirlerini, iddialarini, akil yiiritmelerini degerlendirmeleri igin
yonlendirmis). Bu soylevsel rol, iki alt rol tarafindan karakterize edilmistir. Bunlar
(i)6grenmenin, diisiinmenin ya da cevap vermenin sorumlulugunu 6grenene yiikleme
ve (ii)ogrenenin smif sdylevindeki olaylari, yorumlamalari, fikirleri, argiimanlari,
ornekleri soylemleri vs. degerlendirmesine bagvurma rolleri olarak tespit edilmistir.
Yukarida ifade edilen birinci alt rol icin Ogrenenlerin siif sdylevine bilissel
katkilarin1 degistirecek, ATBO uygulamalar1 boyunca meydana gelmis herhangi
nicel ya da nitel soylevsel niianslar tespit edilmemistir. Fakat ikinci alt sdylevsel rol
icin, 6grenenlerin sinif sdylevine biligsel katkilarini ciddi ve 6nemsenecek derecede
degistirecek, ATBO uygulamalar1 boyunca meydana gelmis hem nicel hem de nitel

sOylevsel niianslar tespit edilmistir.

Boliim-parga analizleri, 6gretmenin “6grenenin soylevdeki olaylar1 degerlendirmesi
icin yonlendirme” alt roliiniin ii¢ farkli bigimde ya soylevsel amaglarla 6gretmen

tarafindan kullanildigin1 géstermistir. Bunlar agagidaki listelendigi gibidir:

1. Ogrenenleri basit karsilastirma yapmasi ya da iki durumu degerlendirmesi
icin yonlendirme,
2. Ogrenenleri dgretmenin sundugu iki ya da fazla durumu, argiimani, sdylemi,

iddiay1 ya da 6rnegi degerlendirmesi i¢in yonlendirme,
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3. Ogrenenleri sinif arkadaslarinin sundugu durumlari, argiimanlari, sdylemleri,
iddialar1, ornekleri, fikirleri degerlendirmeleri, elestirmeleri, yorumlamalari

i¢cin yonlendirme.

Yukarida listelenen 6grenenin sdylevdeki olaylar1 degerlendirmesi i¢in yonlendirme
alt roliiniin ii¢ farkli 6gretimsel ya da soylevsel amact ATBO uygulamalar1 boyunca
nicelikleri ag¢isindan da farklilasmistir. Bu hem nitel hem de nicel farklilasmalar,
Ozellikle Ogrenenlerin bilissel yollarmin diizeyleri (arastirma sorusu-3) ve de
argliman kurma-savunma Kkaliteleri (arastirma sorusu-5) agisindan etkisini ciddi
derecede gostermistir.  Ornegin, Ogretmenin ATBO uygulamalar1 sirasinda
Ogrenenleri smif arkadaslarinin  sundugu durumlari, arglimanlari, sdylemleri,
iddialar1, ornekleri, fikirleri degerlendirmeleri, elestirmeleri, yorumlamalar1 i¢in
yonlendirmek i¢in sergiledigi sdylevsel roller arttikga, 6grenenlerin sergileyebildigi
biligsel yollar (soyutlama diizeyi: digerlerinin arglimanlarini degerlendirme, gézlem
raporlarini yargilama, veri kaynaginin giivenirlik ve gegerlik 6l¢iitlerini yargilama ve
kritik etme, digerlerinin arglimanlarini elestirme, digerlerinin tiimevarim ve
timdengelimlerini yargilama, vs.) en ist diizeylere ulasabilmistir. Bu bulgu
arastirmact alan notlar1 ve Ogretmen goriismesinden elde edilen bulgularla da
pekistirilmistir. Ozellikle ATBO uygulamalarinin tiim grup miizakereleri safhasinda,
ogretmen kasith ve israrli bir sekilde 6grenenleri sinif arkadaslarmin sorularini,
iddialari ve delillerini degerlendirmeleri, gerekiyorsa elestirmeleri ve yargilamalar
i¢in yonlendirmistir. Ozellikle arastirma alan notlarina konu olan bu kasith ve 1srarli
Ogretmen soylevsel rolii, Ogrenenlerin en st diizeyde biligsel yollar
sergileyebilmesini saglamis olabilir.

Yukaridaki bulgulara ek olarak, gretmen ATBO uygulamalar sirasinda dgrenenleri
digerlerinin savundugu durumlar, arglimanlari, sOylemleri, iddialari, Ornekleri,
fikirleri degerlendirmeleri, elestirmeleri ve yargilamalar1 i¢in yonlendirme amaciyla
sergiledigi soylevsel roller artirdikca, Ogrenenler argliman kurma-savunma
noktasinda en st diizeylere ulasabilmislerdir. Desteklemek gerekirse, O0gretmen
ATBO uygulamalarinda dgrenenleri digerlerinin argiimanlarimi degerlendirmesi ve

yargilamasi i¢in direkt, kasitl ve 1srarl bir sekilde yonlendirdiginde, tiim 6grenenler
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aldiklar1 pozisyonlar1 savunmak, bulgularinin bilimsel agidan gecerli ve giivenilir
oldugunu dogrulamak zorunda kalmislardir. Otesinde, belirtilen 6gretmen sdylevsel
rolliniin varliginda, Ogrenenler kendilerini digerlerinin bulgularii, iddialarma,
fikirlerini ¢lirlitmek durumunda ve eger kendi bulgularina kars1 bir argliman var ise,
kendi arglimanlari daha 1iyi bir sekilde savunmalar1 gereksinmesi i¢inde
hissetmislerdir. Boliim-par¢a analizlerinden, arastirmaci alan notlarindan ve
Ogretmen goriismesinden elde edile bulgular birlikte degerlendirildiginde, 6gretmen
Ogrenenlerden basit iki durumu degerlendirmesini veya kendi sagladig1 bir 6rnegi,
durumu, fikri, argtimani degerlendirmesini istediginde yeterli bir argiimantatif ya da
degerlendirmeci ATBO uygulamasi baglami olusmamis, bu da daha giiclii ya da
kars1 argiimanlarin dgrenenlerce iiretilmesini ve sunulmasini engellemis olabilir
sonucuna varilmaktadir. Tim bunlara ek olarak, ozellikle arastirmacinin alan
notlarindan elde edilen bulgulardan anlasildigi iizere, ATBO uygulamalarinda
kavramsal, ontolojik ve epistemolojik biligsel celiskilerin yoklugu ya da sig
diizeylerde olusturulmus olmasi, argiimantatif ya da degerlendirmeci bir ATBO
uygulamasit baglaminin olusumunu olumsuz etkilemis, 6grenenler birbirlerinin
argiimanlarin1 degerlendirme geregi duymamis, dolayisiyla diisiik kalite diizeylerinde
arglimanlar Uretebilmiglerdir. Baska bir deyisle, bu calismada, 6grenenlerin sinif
sOylevine biligsel katkilar1 ile yukarida belirtilen 6zellikli bir 6gretmen soylevsel
roliiniin arasindaki iligki, ger¢ek kavramsal, ontolojik ve epistemolojik biligsel
celigkilerin olusturulamayisindan oldukga etkilenmis ya da bunlarin varlig/yoklugu

tarafindan modifiye edilmistir.

Tartisma ve Egitimsel Ciktilar

Bu calismada 6grenenlerin siif sdylevine cesitli agilardan katkida bulunabilmesinin
ogretmenin sergiledigi sdylevsel becerilere baghihigit ATBO uygulamalar1 boyunca
derinlemesine incelenmistir. Yukarida sunuldugu ftzere, ¢alisma birgok ¢iktiya
sahiptir ve bu kisimda bu ciktilar tartigilacaktir. Ayrica cesitli Oneriler, egitim,

ogretim, 6gretmen egitimi ve mesleki gelisim programlar: adina yapilacaktir.
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Oncelikle bahsedildigi iizere, ogretmen ATBO uygulamalar1 boyunca cesitli
sOylevsel roller sergilemistir. Sergilenen soylevsel roller incelendiginde, bunlarin
hem 6grenen-merkezli hem de 6gretmen-merkezli roller oldugu anlasilmistir (Soysal
& Radmard, 2017). Baska bir deyisle, 6gretmen bir ATBO uygulamasimi sinifta
gerceklestirebilmek adina hem monolojik hem de diyalojik rolleri birlikte
sergilemistir (Mortimer & Scott, 2003; Scott & Mortimer, 2002, 2003; Scott,
Mortimer, & Aguiar, 2006). Bahsedildigi iizere bir ATBO uygulamasi birbiri igine
gecmis ti¢ sathadan olusmaktadir (Cavagnetto, 2010; Cavagnetto & Hand, 2012).
Ogretmen sergiledigi soylevsel rolleri bu asamalarda hem diyalojik hem de
monolojik etkilesimlere izin verecek sekilde kullanmistir. Omnegin baslangic
miizakereleri boyunca katilimci ve diyalojik etkilesimleri gerektiren rolleri daha fazla
sergilerken, Ogrenenler deneylerini gergeklestirirken daha 6zellikli  rolleri
sergilemistir. Biiyiik grup tartismalarindan sonra ise miizakerenin genel ¢iktilarinin
Ozetlenmesi ve toparlanmasi adina da 6ne ¢ikan, 6zellikli roller 6gretmen tarafindan
sergilenmistir. Bu baglamda diisiiniildiigiinde 6grenen-merkezli bir uygulama hem
diyalojik hem de monolojik 6gretmen sdylevsel rollerini birlikte barindirmak
zorundadir (Engle & Conant, 2002; Lemke, 1990; Mortimer & Scott, 2003).
Monolojik rollerin (es)varlig ve islevi ve diyalojik rollerin (es)varhg ve ATBO
uygulamalarindaki islevi birbirine baghdir (Mortimer & Scott, 2003; Scott &
Mortimer, 2002, 2003; Scott, Mortimer, & Aguiar, 2006).

Ancak diyalojik ve monolojik sdylevsel rollerin 6gretmen tarafindan dengesiz
kullanimi, 6grenenlerin sinif sdylevine bilissel katkilarr agisindan birtakim olumsuz
durumlara yol agabilir. Ornegin bu calismada gosterildigi iizere, bilgi saglayict ve
degerlendirmeci Ogretmen soOylevsel rollerinin fazlaca kullanilmasi, 6grenenlerin
ozellikle cevaplarmin anlamsal karmasiklik ve akil yiriitme kalite diizeylerini
asaglya dogru c¢ekebilmektedir. Bu baglamda diisliniildiigiinde, 6gretmen bilgi
saglayict ve degerlendirmeci sdylevsel rollerini artirdik¢a, 6gretmenin sesi, sinif
sOylevinde baskin hale gelmis, O0grenenlerin sdylemlerinin nicelikleri azalmistir
(Martin & Hand, 2009, McNeill & Pimentel 2009). Ogrenenlerin smif sdylevine

katkilarmin nicelikleri azaldikga, nitelikleri de belirli bir derecede olumsuz yonde
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etkilenmis olabilir. Ciinkii ATBO uygulamalarinda, simif sdylevine nicel olarak
katkida bulun(a)madan, bilissel katkilarin niteligini artirmak ya da derinlestirmek
Ogrenenlerin elinde olmamis olabilir. Bu tipte bir bulgu ve yorumlama diger
caligmalar i¢inde gegelidir (Chin, 2006, 2007; Jadallah vd., 2011; Lefstein vd., 2015;
Martin & Hand, 2009; Molinari vd., 2013; McNeill & Pimentel 2009).

Yukaridaki durum baska yorumlamalarla da agiklanabilir. Ornegin Chin (2006,
2007) smif sdylevinde, Ogrenenlerin bilissel katkilarinin nicelik ve nitelik olarak
artirtlmasinin en onemli yollarindan birinin, &gretmenin sdylevsel rollerindeki
“biligsel talep” ile ilgili oldugunu belirtmistir. Biligsel talebin olusturulmas,
Ogretmenin sdylevsel rolleri araciligryla 6grenme siirecinin ve sinif sdylevine katkida
bulunma siirecinin 6ncelikli iistlenicilerinin 6grenenler olmasi ile ilgilidir. Bu tipte
bir sinif sdylevi baglaminin olusturulmasi igin, Chin’e (2006, 2007) gore, oncelikle
Ogrenenlerin soylemlerinin nicelikleri artirilmali ve onlarin sesi sinif sdylevine hakim
olmalidir. Bu durumun yaratilmasmin en Onemli yollarindan biri, 6gretmenin
soylevsel rolleri araciligiyla 6grenenler adina bilissel talebin Once yaratilmasi,
sonrasinda ise artirilmasidir. Ogretmen bu baglamda bilgi saglayict  ve
degerlendirmeci rolleri sergilemekten ziyade, o6grenenlerin sundugu fikirlerin
artalaninda yatan akil yiiriitmeleri ortaya ¢ikarmak, geliskili akil yiiriitmelerini onlara
gostermek, sinif soylevini takip etmelerini saglamak, nelerin herhangi bir miizakere
icin 6nemli oldugunu, nelerin daha az Onemsenebilecegini onlara sezdirmek
amactyla soylevsel rollerini sergilemelidir. Bu tipte sdylevsel roller, 6grenenler adina
daha fazla biligsel talep olusturmakta, onlarmn sdylemlerinin siif miizakerelerinde
niceligini artmakta, sonrasinda ise bu nicelik artig1 nitelige doniisebilmektedir
(Molinari vd., 2013; Lefstein vd,. 2015). Dolayisiyla, bu ¢alismada da gosterildigi
tizere, sinif sdyleminde biligsel katkilar agisindan nicelikten nitelige dogru bir gecis
olmakta, belirli bir nicel birikimin ardindan, Ogrenenlerin sinif sdylevine

yapabildikleri biligsel katkilarinin nitelikleri artis gosterebilmektedir.

Bu calismada, yukarida ifade edildigi lizere, 6gretmen reflektif sdylevsel rollerin bazi

Ozellikli bicimlerini artan bir sekilde sergilediginde, o6zellikle 0Ogrenenlerin
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cevaplarmin bilissel yollar1 ve argiiman kurma-savunma agisindan kaliteleri en {ist
noktalara ulasabilmistir. Bu baglam bircok nokta acisindan agiklanabilir. Ornegin bu
calismanin bazi uygulamalarinda Ogretmen oOzellikle Ogrenenlerin sdylemlerini
kendisi degerlendirmektense, bu degerlendirme, yargilama, elestirme siireglerini
diger 6grenenlere birakmustir. Diger bir deyisle, 6gretmenin one ¢ikan bir soylevsel
rol olarak, reflektif sdylev rollerinden “Ggrenenleri birbirini degerlendirmeye,
yargilamaya, elestirmeye yoOnlendirme” alt roliiniin sergileme orani artirtca, simif
sOylevi ¢ogunlukla Ogrenenler arasinda gergeklestirilmistir. Bagka bir deyisle,
Ogrenenlerin sOylemlerinin iizerinden kurgulanan bir smif sdylevi yine &grenenler
arasinda gerceklestirilmistir. Ogrenenler bahsi gecen Ogretmen soylevsel rolii
araciligiyla bitisik diistinme, birlikte diisiinme ve karar verme, toplamda ise bir
profesyonel 6grenme toplulugu olarak sinif sdylevini baglatmig, devam ettirmis ve
tamamlamistir. Bu baglamda diisiiniildiigiinde smifta 6gretmene ek olarak es-
yargilayicilar ve de es-degerlendirmeciler vardir ve bunlar sinif sdylevine iist diizey
biligsel yollar ve argiimanlarla katkida bulunabilmislerdir (Chin, 2006, 2007; Hogan
etal., 1999; Lam et al., 2009; van Booven, 2015; van Zee & Minstrell, 1997a).

Bu ¢aligmanin 6gretmenler, 6gretimsel silirecler ve 6gretmenlerin mesleki gelisimleri
acisindan cesitli ¢iktilarr vardir. Oncelikle, 6gretmenler arastirma materyallerinin
aragtirmacilar, akademisyenler ya da ogretmen egitimcileri ile birlikte diger dis
okuyucular1 olduklarindan, kendileri adia ATBO gibi daha 6grenen-merkezli, ya da
sosyal es-olusturmact bir Ogretimsel yaklasimda ne gibi soylevsel rolleri
sergilemeleri durumunda olduklarini algilayabilirler. En azindan bu ¢alisma adina,
ATBO’yii smifinda rutin bir 6gretimsel yaklasim olarak kullanmak isteyen bir
o0gretmen, hem diyalojik hem de monolojik sdylevsel rolleri dengeli ve i¢ ige gegmis
bir sekilde kullanmasi geregini bu calismanin c¢iktilarmi 6ziimseyerek farkinda

olabilir (Oliveira, 2010).

Ogretmenlerin sahip olmasi diisiiniilen bu tipte bir rutin sdylevsel roller bilgisi, onlar
i¢cin teorik perspektifte yeterli olabilir; ancak bunlarin yeterli bir sekilde siif ici

pratiklere yansimasi agisindan mesleki gelisim siireclerine ihtiya¢ duyulabilir
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(Clandinin & Connelly, 1995; Cochran-Smith & Zeichner, 2005; Cochran-Smith,
2006; Cochran-Smith & Lytle, 1993, 2009; Spovitz & Turner, 2000). Bu baglamda,
ATBO uygulamalarmi smif iginde iyilestirmek ve &grenenlerin  sdylevsel
ihtiyaclarina uyumlastirmak adina bu calismada one ¢ikan soOylevsel roller ve

bunlarin bazi 6zellikli kullanimlar1 mesleki gelisim programlarinin bir pargasi haline

getirilebilir (Guskey, 2002; Huberman, 1995).

Bu ¢alisma baglaminda diisiiniildiigiinde, dgretmenlerin tespit edilen ve one ¢ikan
soylevsel rolleri daha ¢ok benimseyecegi, bunlarin konu oldugu mesleki gelisim
programlarina angaje olup, goniillii ve yiiksek motivasyonlu bir sekilde hem katilim
gosterebilecegi hem de kendi pedagojisini bu yonde evirebilecegi iddia edilebilir.
Aciklamak gerekirse, en azindan bu caligmada gosterildigi tizere, bazi O6zellikli
soylevsel rollerin kasitli olarak daha az (bilgi saglayici ve degerlendirmeci) ya da
daha fazla (reflektif sdylevsel rollerin baz1 6zellikli formlar1) kullanilmasinin, 6nce
Ogrenenlerin sesinin sinif sdylevinde daha ¢ok duyulmasimi, devaminda ise bu
niceligin biligsel katki olarak baska bir nitel formasyona doniiserek, 6grenenlerin tist
diizey biligsel katkilarina firsat verdigi gosterilmistir. Bu baglamda diistintildiigiinde,
ogretmenler i¢in mesleki gelisimin temel kaidelerinden biri sudur: 6gretmen kendini
pedagojik olarak gelistirdiginde, bu gelisimin kanitlarini kendi 6grencileri tizerinden
bulmaya, yordamaya ve arastirmaya baslayacaktir (Clandinin & Connelly, 1995;
Cochran-Smith & Zeichner, 2005; Cochran-Smith, 2006; Cochran-Smith & Luytle,
1993, 2009; Spovitz & Turner, 2000). Dolayisiyla bu ¢alismada da gosterildigi tizere,
ogretmen siif i¢i soylevsel rollerini degistirdikge ve uyumlastirdik¢a, buna bagh
olarak 6grenenlerin de sinif igi bilissel katkilar1 artacak, bir zincir reaksiyon olarak,
Ogrenenlerin siif sdyevine katkilarinni kaliteleri ¢esitli agilardan yiikseldikce
O0gretmenin degisiminin pedagojik slireci hem daha hizlanmis hem de daha gercekei

olabilecektir (Guskey, 2002; Huberman, 1995).
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Bolimii : EGITIM FAKULTESI, iLKOGRETIM BOLUMU

TEZIN ADI (ingilizce) : EXPLORATION OF THE RELATIONS
BETWEEN THE TEACHER’S DISCURSIVE ROLES AND THE
STUDENTS’ COGNITIVE CONTRIBUTIONS TO THE CLASSROOM
DISCOURSE

TEZIN TURU : Yiiksek Lisans Doktora X

. Tezimin tamamindan kaynak gdsterilmek sartiyla fotokopi alinabilir.

. Tezimin i¢indekiler sayfasi, 6zet, indeks sayfalarindan ve/veya bir X
boliimiinden kaynak gosterilmek sartiyla fotokopi alinabilir.

. Tezimden bir (1) yil siireyle fotokopi alinamaz. X

TEZIN KUTUPHANEYE TESLIiM TARIiHi:
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