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ABSTRACT

DEVELOPMENT OF A TEST FOR ASSESSING TEACHERS’
MATHEMATICAL CONTENT KNOWLEDGE FOR TEACHING GEOMETRIC
MEASUREMENT AT ELEMENTARY GRADE LEVEL

Esen, Yasemin
Ph.D., Department of Elementary Education
Supervisor  : Assoc. Prof. Dr. Erding CAKIROGLU
Co-Supervisor: Assist. Prof. Dr. Yesim CAPA AYDIN

January 2013, 242 pages

The purpose of this research was to develop and provide evidence for the
construct validity of an instrument designed to measure pre-service mathematics
teachers' mathematical knowledge for teaching (MKT) measurement specifically on
the concepts of length, area and volume.The test is referred as the Test of
Mathematical Knowledge for Teaching Measurement (TMK-M).It was aimed to
contribute to fill the gaps for lack of valid measures to be used for assessing

elementary mathematics pre-service teachers’ MKT.

The current test was modeled after the Learning Mathematics for Teaching
instruments. Multiple-choice items were constructed to address the portion of the
Specialized Content Knowledge and Pedagogical Content Knowledge domains
within the pre-determined learning objectives of measurement concepts in Turkish

elementary mathematics program.



There were four main rounds of this study: Round One — item development
and pilot testing; Rounds Two and Three— field-testing; and Round Four — validation.
Participants had been recruited from the departments of elementary mathematics
education from almost all districts of Turkey. This participatory study was conducted

from the semesters of fall 2010 to spring 2012.

Item and distracter analyses have been conducted to determine item
difficulty, discrimination indices and the effect of items on test reliability. Both
Classical Test Analyses and Rasch Analyses were conducted in order to see how

items functioned and to determine greater number of problematic items.

Keywords: Elementary Mathematics Education, Teacher Knowledge, Pedagogical
Content Knowledge, Test Development, Measurement
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ILKOGRETIM MATEMATIK OGRETMENLERININ GEOMETRIK OLCME
KAVRAMLARINI OGRETME BILGILERINTI OLCMEYE YONELIK TEST
GELISTIRME

Esen, Yasemin
Doktora, Ilkdgretim Béliimii
Tez Yéneticisi: Dog. Dr. Erding CAKIROGLU
Ortak Tez Yoneticisi: Yrd. Dog. Dr. Yesim CAPA AYDIN

Ocak 2013, 242 sayfa

Bu calismanin amaci ilkdgretim matematik O6gretmen adaylarmindzelikle
uzunluk, alan ve hacim O6l¢me kavramlarini 6gretme bilgilerine yonelik c¢oktan
secmeli bir testgelistirerek; bu testin gegerlik giivenirlik analizlerini yapmaktir. Bu
test literatiirde Olgme Kavramini Ogretme Bilgisi Testi (OKOBT) olarak
isimlendirilmis ve bu alanda literatiirde bahsi gecen eksikliklere cevap verebilmek

amaci ile hazirlanmstir.

Test literatiirdeki Ogretmek icin Matematik Ogrenme Projesi (Learning
Mathematics for Teaching) kapsaminda gelistirilen Ogretmenlik bilgisi modelini
temel alarak gelistirilmistir. Coktan se¢gmeli olarak gelistirilen maddelerin matematik
Ogretim programindaki O6lgme kazanimlarina yonelik olarak 6zel alan bilgisive
pedagojik alan bilgisine hitap etmesi hedeflenmistir. Maddelerin genel olarak

Vi



hatirlama ve hesaplama becerilerinden ¢ok kavramsal olarak yapilandiriimasina
calistlmistir. Maddelerin islerligini ortaya ¢ikarmak igin taslak sorular birkag kez
uygulanmis, bu asamalarda farkli veri toplama teknikleri (nitel ve nicel)
uygulanmistir. Yapilan analizler sonucunda istatistiksel sonuglari istendik araliklarda

maddeler sorular yeniden diizenlenmis veya elenmistir.

Test gelistirme ¢alismalari igin 4 etapl veri toplama siireci planlanmis, birinci
etapta soru taslaklarinin hazirlanmasi ve pilot uygulamalar1 tamamlanmustir. Ikinci
ve lgiincli etaplarda sorularin alan uygulamalari yapilmig, son asamada test
formunun son hali olusturulmustur. Calismanin veri toplama siireci 2010 giiz
doneminden 2012 bahar donemine kadar stirmiistiir. Katilimeilar Tiirkiye’nin farkli
tiniversitelerindeki ilkdgretim matematik 6gretmenligi bolimii 4. siif 6gretmen
adaylarindan olusmaktadir. Maddelerin zorluk ve ayirtedicilik degerlerini belirlemek
amaci ile madde ve ¢eldirici analizleri yapilmistir. Ayrica Klasik Test Teorisinin
madde analizi araglarinin yan1 sira madde ve kisi bagimsiz madde indekslerini analiz
etmek amaci ile bir parametreli madde tepki kurami modeli olan Rasch Analizi
yapilmistir. Bu baglamda madde uyum indeksleri ve kisilerin yetenek kestirimleri
hesaplanmugtir. Ayrica Rasch Analizi madde zorluklar ve kisi yetenek kestirimlerine

dair Klasik Test Teorisine gore daha kapsamli bir analiz sunmaktadir.

Anahtar Sozciikler: Tlkdgretim Matematik Egitimi, Ogretmenlik Bilgisi, Pedagojik
Alan Bilgisi, Test Gelistirme, Olgme.

vii



To everyoneto whoml owe for being “me”

To my other half, Yesim
To my parents, Cemile and Hasan

viii



ACKNOWLEDGMENTS

This research project came to fruition because of the generosity of many
people. Therefore, it is with deep appreciation that I acknowledge those who have
assisted and supported me in accomplishing my lofty goal. First | express my thanks
to my wonderful family who has helped me through this dissertation process.
Without their love and support, I would not have been able to do this. To Yesim, my
wonderful sister, thank you very much for always was being there for me even if it
was just a phone call. You are the best sister anyone could ever ask for, even if you
are the only one | have, and also thank you for putting up with my late nights and
long days and all the complaining and listening to my frustrations, your efforts to
calm me down and also owe you to be always aware of how things were going and to
provide unconditional support. To my parents: thank you for your love, support
throughout all of this. Youhave tenderly fostered my curiosity and love of learning
all my life. You always believe in and appreciate me and are always with me when |
need. Similar to many experiences in my life, this hard PhD process could not have
been completed without your support. To my Grandpa, who was the first person to
state trust on my carrier and never gave up doing this from my early ages to college
years. | am sure you are seeing and hearing me. To my Grandma, thank you for
always working to get me away from school and easing my mind, and “yes this is the
time | finished my school (!) ”. The rest of my family, uncles and aunts, thank you all
for your support and kindness. Additionally, to Zeki Catal, a person whom I assumed
as a member of my family,thank you for all your great help and consistent optimism
which enabled me to take every step of this scholastic journey.

I would like to thank my supervisor Dr. Erding Cakiroglu and co-supervisor
Dr. Yesim Capa-Aydin, for their support and guidance throughout this process. I also
would like to thank my dissertation committee members Dr. Sinan Olkun, Dr. Safure
Bulut, Dr. Didem Akyiiz and Dr. Cigdem Haser for providing specialized feedback

and encouragement.



Along the way, | met and worked with amazing people who have not only
acted as colleagues, but as friends, motivators, and helpers. | would like to thank my
dear friends; Sule, Jale, Yeliz, Sevgi, Ozge Y., Ozge E. and Nursel, thank you very
much for your support during my PhD journey.

Tuba, thank you for your lovely chats and support and also for calling me to
check on me and also my progress.

Kiirsat and Dilek, thank you very much for always having a kind word and a
smile to share with me,

I also indepted to Oguz for your support which relieved me and enabled me to
continue my progress at a very hard time of my research and also your friendship
through this entire process.

| especially want to thank Funda for your encouragement, valuable revisions,
contributions, moral support and lovely chats.

Additionally, | would like to thank Murat Abi who helped me for the

photocopying works with a smiling face at any time of the day.

| also owe to the endless list of people including the deans, chairs of
departments, Faculty members who assisted me in data collection.At this point I wish
to express my sincere gratitude to Orhan Ekinci for his kindness and open-ended

support during my difficult times.

Last but not the least | appreciate the participants who contributed to this

study by spending their time and honestly responding instruments.



TABLE OF CONTENTS

PLAGIARISM. ... .ottt ettt ettt nnenneens i
ABSTRACT ..ttt te e s ettt renreeneene e iv
[0/ Vi
D11 0Ny I [ ] SR viii
ACKNOWLEDGMENTS ..ot iX
TABLE OF CONTENTS ...ttt Xi
LIST OF TABLES ...ttt XVi
LIST OF FIGURES ..ottt XVii
LIST OF ABBREVIATIONS ..ottt ettt Xviii
CHAPTER
LINTRODUCTION L.ooiiiieiicse ettt nnaena e enaenees 1
1.1 Background of the STUAY ..........ccooiiiiiiiiiie e 1
1.2 Purpose and Problem Statement of the Study..........c.ccccoveiieiiiiiicccce, 9
1.3 Significance of the StUAY ..o 10
1.4 Basic ASSUMPLIONS OF STUAY .........oiiiiiiiiiieieie e 12
1.5 DefinitionNS OF TEIMS......oiiiiieie et sreas 13
1.6 Overview of the Research Design ..........cccceivveiieiii i 15
1.7 Organization of the StUAY ..........ccceeiiiiii i 16
2.LITERATURE REVIEW........oiiiiiiecsee et 18



2.1 Teacher KNOWIEAQE ......ccuvoviiiiiece et 18

2.1.1Content KNOWIEAGE.......cc.oiiiiiiieiieiee e 21
2.1.2Curricular KNOWIBAQE.........ccviieieieieicee e 22
2.1.3Mathematical Knowledge for Teaching.........cccccevvvevieiciie i, 23
2.1.4Characteristics of Pedagogical Content Knowledge............ccccovevveveiieenenn, 25

2.1.5 vPedagogical Content Knowledge of Pre-Service Mathematics Teacher... 27

2.2 Knowledge Of CONENT.........ccveiieii e 28
2.2.1Knowledge of Content and TeAChING..........ccocvririrreiieiee e 29
2.2.2Knowledge of Content and STUAENTS...........coovriiiriiieiee e 30
2.2.3Knowledge of Content and Curriculum ...........cccooeiieiecie i, 31

2.3 Assessment of Teacher KNOWIEAQE ........cccocveieeiiiiiircc e 31

2.4 Assessment of Pedagogical Content Knowledge..........ccoovveieiiiiiiniiinienen, 33

2.5 Learning and Teaching of the Measurement CoONCept.........ccccovvvveervererseennn. 34
2.5.1The Meaning and Value of Measurement............cccccvveveereiieiiece e, 35

2.6 Measurement in Turkish Curriculum...........c.ccocooiiiiniinine 36

2.7 Students’ Difficulties with Measurement ...........cccccceveviieeeiieesiieceiiee e e 37
2.7.1Students’ Difficulties with Length ..o 38
2.7.2Students’ Difficulties With AT€a .......ccccvveiiiieiiiiiiniiie e 43
2.7.3Students’ Difficulties with VOIUME ........ccocvviiiiiiiiiiii e 50

SUMETHOD ...ttt ettt b et nte e nne e nas 56

3.1 RESEAICH DESIN ..ottt 56

3.2 Content Definition of the TSt .........ccoiiiiiiii e, 58

3.3 Preparation of Test SPeCIfiCationS ..........cccevveeiieiiiiciie e 58

3.4 Item Development and Preparation of the Item Pool ..o, 61

3.5 Test Design and ASSEMDBIY .......ccviiiiiiie s 63



3.6 Context OF the STUAY .....c.ocieiece e 64

3.7 Administration Process Of the StUdY ... 65
3.8 Administration of Field TeSting | ........ccoovviieiiiieiieeecee e 68
3.8.1Demographic Information of Participants in Field Testing I...........cc.......... 68
3.8.2Implementation Procedures of Field Testing I........c.ccccovevvevviieiieiecien, 69
3.8.3Data Analysis of Field TeSting I......ccoovieiieiiieieeseee e 70
3.8.3.1Content Analysis of Open- ended ReSPONSES.........ccccoerverirerieeeinenn 70
3.8.3.2Analysis of Interview FINdiNgs ........ccccovevviiiiieiice e 71

3.9 Administration of Field Testing H..........cccooveiiiiiiicecec e, 74
3.9.1Population and Participants of Field Testing Il ..........cccccooovevieniiiieinninnnn, 75
3.9.2Data Collection of Field Testing 1 ........ccocoiiiiiiiiiiiee e 77
3.9.3Data Analysis of Field Testing H........cccooeiieiiiiiiiece e 79
3.9.3.1RASCh MOUEN ...t 79
3.9.3.2ClassiCal TESt TNEOTY .....c.coiiieieieiierie e 84
3.10Administration of Field Testing Hl.........ccccoooiiiiiiiiii e 88
3.10.1Participants of Field Testing Hl.........ccccooiieiiiiiiiece e 88
3.10.2Data Collection of Field Testing Hl..........cccooveveiieiiiii e 88
3.10.3Data Analysis of Field Testing I .........cccooiiiiiiiiiiieieceeeee 89
3.11Administration of Field TeStiNg IV ... 89
3.11.1Population and Participants of Field Testing IV ........cccccoov v, 89
3.11.2Data Collection of Field Testing IV .........ccccoovveiieiieiie e 90
3.11.3Data Analysis of Field TeSting IV ......cccoocoiiiiiiiiniieec e 90
3.12Quantitative Validity OF TESE........ccoviiiieiee e 90
3.13Qualitative Trustworthingss of TeSt........covviiiiiiiiiic e 92
A RESULT ..ttt ettt e be e et e e san e nbeeanee s 93



4.1 Development of the Test and Results of Field Testing I ........c.cccccoevveiviiennn, 94

4.1.1Analysis of Open Ended RESPONSES........ccuereriiiiriirieieiesiesie e 96
4.2 Implementation of the Test and Results of Field Testing Il ...........ccceoveee. 108
4.2.1Results of Rasch Analyses of Field Testing I1.........cccccocevveiiiieiceiecee 109
4.2.1.1Unidimensionality of Test 1 and TeSt 2.........cccccvevvviveieeieiie e 109
4.2.1.21tem Difficulty of Test 1 and TeSt 2 ......ccevvveeiinienieneee e 112
4.2.1.31tem Person Map of Test 1 and TeSt 2........cccvvveviieneninenieeeee, 113
4.2.1.4Reliability and Separation Indices of Test 1 and Test 2..................... 117
4.2.2Results of Classical Test Theory Analyses - Test 1& Test 2..........ccocu..ee. 118
4.2.2.11tem Statistics OFf TeSt L ....c.eiiiiiiiiceereee e 118
4.2.2.21tem Statistics OF TESE 2 ....vveieiiieiee e 122

4.3 Results of Field TeSting H1 ........cccooveeiieiiee e 124
4.3.1Results of RASCh ANAIYSES ......cc.ccveiieiieieceee e 125
4.3.1.1Unidimensionality of TESt 3 ..o 125
4.3.1.21tem Difficulty OF TSt 3.....ooiiiiiiie e 126
4.3.1.3Reliability and Separation Indices of Test 3........ccccoevveveiieivenene. 128
4.3.2Results of Classical Test Theory Analyses- Item Analysis of Test 3........ 128
4.3.2.11tem ANalysiS OF TESE 3....ouiiiiiiie e 129

4.4 Results of Field TeStiNg IV .....coiiiiiieeee s 132
4.4.1Results of RasCh ANalYSiS........ccccviiiieiiiiiie e 132
4.4.1.1Unidimensionality of TeSt 4 .......cccceovveiiiiiiece e 132
4.4.1.21tem Person Map Of TESE 4 .....cooveiiiiiiiiieeeee e 133
4.4.1.3Reliability and Separation Indices of TeSt4........ccccevvrvrininnninnnn, 135
4.4.2Results of Classical Test Theory Analyses- Item Analysis of Test 4 ........ 135
4.5 Further Validation EVIAENCES .........c.coeriiiiiiiiiiiecieeeee e 138



4.5.1Raw Scores and RASCN MEASUIES ......eeeeeeeeeeeeeeeee et e e eeeeeas 138

4.5.2GPA aNd RAW SCOIES.......ccuiiiieiieieieiie st 138
4.5.3GPA and RASCN MEASUIES.........ccueiuiiiiriiiiiisie e 138
5.DISCUSSION AND CONCLUSION .......oiiiiiiiiieiieeee e 138
5.1 Item Construction and Relationship of the Results to Previous Research...... 140
5.2 Scoring Of the TeSt RESUILS .......ecviiieiiiie e 141
5.3 Reliability and Validity...........ccooiiiiiiiieee e 142
5.4 Performance of the MKT-M IteMS .........ccoiiiiiiiiiieeee e 146
5.5 Limitations of the Current RESEArch...........ccocooiiieiiiiiiiceeeeeee 149
5.6 Implications fOr PraCtiCe...........c.coveiiiiiiieie s 150
5.7 Implications for FUture RESEArCh..........ccoceieiiiiiiiiecee e, 154
5.8 CONCIUSION ...ttt 156
REFERENCGES ... 157
APPENDICES ...ttt 171
Appendix A:Initial FOrms of EMS ........ccoiiiiiiie e, 171
Appendix B:Final FOrms Of IteMS........ccccoiiiiiiicceece e 187
Appendix C:Interview Protocol for Preservice Teachers........ccoocvveveiiiiinnienninnnn, 205
Appendix D:Interview Protocol for INStructors ...........ccceovevereniiencninesiseeee, 196
Appendix E:Measurement ObJECtIVES. ......cververieriiriiriiiineeieieese e, 198
Appendix F:The Program of Mathematics Teacher Education ................. 201
Appendix G: A Letter of PErmMiSSION ......c.coeiiiiiiiiiinieieee e, 202
Appendix H: CUrriCUlUM V88 .......ccuiiiiiiiie e 203
Appendix ETUrkish SUMMAIY........cooiiiiiie e 204

XV



LIST OF TABLES

TABLES

Table 1.1 Periods and characteristics of teacher effectiveness research ...................... 2
Table 1.2 Test Development steps in the current Study ..........ccocovevviieiieie e, 15
Table 2.1 Summary of studies on students’ mistakes and misconception (Length
IMBASUIEIMEINT) ...ttt bbbttt bbbt 39
Table 2.2 Summary of studies on students’ difficulties, mistakes, and misconceptions
(ArE2 MEASUIBIMENT) ...ttt bbb 45
Table 2.3 Summary of studies on students’ difficulties, mistakes, and
misconceptions (Volume MeasuremMent) .........ccooeoeriiininineee e 52
Table 3.1Summary of key measurement concepts addressed for grades 6-8............. 60
Table 3.3 Summary of item classification Of test...........cccceocvvievinniiiie e, 62
Table 3.4 The summary of the test adminiStration ProCess...........cvverererererieeinenns 67
Table 3.5 Rubric for assessment of open-ended comments...........cccccccvveveeieiieennenn, 71
Table 3.6 Rubric for assessment of interview findings............ccccoevveveiiiiiicieenen, 72
Table 3.7 Frequency distribution of demographic information of participants ....... 75
Table 3.8 Frequency distribution of the participants according to school types they
graduated frOM ..o e 76
Table 3.9 Frequency distribution of participants who would graduate at the end of the
semester which data was COECIEd ..........cocvoiiiiiiiee e 77
Table 3.10 Table of specification of two testS .........c.ccceevviiiiiccec e, 78
Table 3.11 Frequency distribution of bookKIets............cccoovveiiiiiiii e, 78
Table 4.1 Summary of Content Analyses of Open-Ended Responses.............ccee..... 97

Table 4.2 Item Analysis Results from 502 Examinees on 16 Item Test 1 (T1) ...... 120
Table 4.3 Item Analysis Results from 506 Examinees on 16 Item Test 2 (T2) ...... 123
Table 4.4 Item Analysis Results from 99 Examinees on 20 Item Test 3 (T3) ........ 130
Table 4.5 Item Analysis Results from 168 Examinees on 15 Item Test 4 (T4) ...... 136
Table 5.1 Frequency distribution of PMTSs’ justifications on Item API10............... 149

XVi



LIST OF FIGURES

FIGURES

Figure 1.1Domain map of Mathematical Knowledge for Teaching (MKT) ............... 5
Figure 3.1 Steps followed in the StUdY..........ccccoeiieiiiie i 57
Figure 3.2 Initial Version 0F LS2........ccccooiiiiiiiiece e 74
Figure 3.3 Final version 0f LS2 .........cccoviiiiiiieie e 74
Figure 4.1 Item Measure Information of TeSt 1.......cccccovvviiiiiiiic i 110
Figure 4.2 Item Fit Information for TeSt 1........cccovvieiiiii i 110
Figure 4.3 Item Measure Information of TeSt 2........ccccovvviiiiviiiiciiece e 111
Figure 4.4 Item Fit Information for TeSt 2........ccccoviieiiiii i 112
Figure 4.5 The distribution map of items and persons of Test 1...........ccccccvevivennnne. 114
Figure 4.6 The distribution map of items and persons of Test 2...........ccccccvevvennne. 116
Figure 4.7 Summary of Item Information of Test L.........cccccevviviiiieiecie e 117
Figure 4.8 Summary of Item and Person Information of Test 2............cc.ccocevenne, 118
Figure 4.9 Item Measure Information of TeSt 3.........cccoviiiiiiiien e 125
Figure 4.10 Item Fit Information for TeSt 3.......c.cooiiiiiiiiiieee e 126
Figure 4.11 The distribution map of items and persons of Test 3.........c.ccecvvvvvinenen 127
Figure 4.12 Summary of Item and Person Information of Test 3.........c.ccoovvvienennnn 128
Figure 4.13 Item Fit INnformation fOr TESt 4 ..o 132
Figure 4.14 The distribution map of items and persons of Test 4..........c.ccocvvvvenenne. 134
Figure 4.15 Summary of Item and Person Information of Test4.........cc.ccocvvvvenenen. 135

XVii


file:///C:\Users\user\Desktop\TEZ_TUM_15032013.docx%23_Toc351568902
file:///C:\Users\user\Desktop\TEZ_TUM_15032013.docx%23_Toc351568902
file:///C:\Users\user\Desktop\TEZ_TUM_15032013.docx%23_Toc351568902

LIST OF ABBREVIATIONS

PCK Pedagogical Content Knowledge

MKT Mathematical Knowledge for Teaching
SMK Subject Matter Knowledge

CCK Common content Knowledge

SCK Specialized Content Knowledge

KCS Knowledge of Content and Students
KCT Knowledge of Content and Teaching
KCC Knowledge of Content and Curriculum

TMK-M Test of Mathematical Knowledge for Teaching Measurement

PMT Preservice Mathematics Teachers
SD Standard Deviation

M Mean

N Sample Size

P Difficulty Index

D Discrimination Index

Correlation Index

-~

xviii



CHAPTER 1

INTRODUCTION

1.1 Background of the Study

Literature about teacher assessment shows that teacher assessment tools and
examinations have existed since 1850s, and teacher assessment methods have been
developed in accordance with changes in the theoretical structures and frameworks.
The format of the teacher assessment procedures has been changed, as well as the
content. The short and limited personal interview formats that had been utilized in
the beginning have evolved into more qualitative and complicated teacher
assessment formats in the recent decades. Although there could be different
categorizations regarding 80 years of teacher effectiveness research history,
Campbell, Kyriakides, Muijs& Robinson (2003) roughly categorize the teacher
effectiveness history in four periods according to chronological order. Table 1.1

displays the summary of this information.

Similarly, Hill, Sleep, Lewis, and Ball (2007) summarized teacher assessment
history, and reached a similar conclusion about the characteristics and periods of 80
years of teacher assessment history. They pointed out that until the early 1980s,
important variables for detecting effective teaching were merely based on either
teachers’ characteristics, the observable certain behaviors of teachers, or the
standardized test scores of either students or teachers. Furthermore, they criticized
the shortcoming of teacher assessment perspective -that researchers focused on the
observable certain behaviors of teachers, or characteristics of teachers, schools,

students, and others to predict the student achievement on standardized tests, which

1



were later found to be too limited and mechanic to cover the complex structure of the
classroom environment (Hillet al., 2007).

Table 1.1Periods and characteristics of teacher effectiveness research

Period Research Characteristics

Presage-product model the psychological characteristics of teachers were identified and
(1930s-1940s) investigated for their effect on learning, including personality (e.g.,
authoritarianism), attitudes, and experience

Experimental studies the effects of different teaching styles upon learning were
(1940s-1960s) investigated including formal and informal, progressive and
traditional, open and closed

Process-product model the behavior of teachers in classrooms were investigated including
(1960s-1980s) the quantity of instruction, focused interactions, and the pacing of
instruction, and factors influencing pupil attainment and progress

Teacher knowledge teachers’ subject knowledge, pedagogical knowledge, and their

and beliefs model beliefs such as self-efficacy or expectations were investigated to

(1990s—present) explore the relationship between these factors and pupil attainment
and progress

In 1986, Shulman emphasized that focusing only on isolated behavioral
components of teaching masked the main point of teaching, which led to the
perception of teaching as a mechanical process. Then he called this aspect as
“missing paradigm” in education. He pointed out the lack of teachers’ cognitive
understanding of subject matter content and that the relationship between such
understanding and the instruction teachers provide for students had been overlooked
for many decades. Shulman’s and his colleagues’contribution was to redirect the
focus of teacher effectiveness to the teacher knowledge and the role of content
teaching. This approach was quite a radical departure from the conjecture, which
focused almost entirely on general aspects of teaching such as classroom
management, time allocation, planning, or other general pedagogical issues.The
criticisms about deficiency of teacher cognitions in the assessment of teacher
effectiveness made researchers to think about more comprehensive conceptualization
of teacher knowledge (Carter, 1990; Grossman, 1990; Leinhardt, 1990; Shulman,
1986, 1987). In 1986, Shulman, additionally, shed some light on defining and



categorizing teacher knowledge by introducing a new model or new knowledge
domain of the teacher knowledge. Shulman (1987) pointed out the existence of the
knowledge domain, which differentiates teachers from other adults. Based on
Shulman's (1987) characterization of PCK (Pedagogical Content Knowledge), “the
category [of teacher knowledge] most likely to distinguish the understanding of the
content specialist from that of the pedagogue” (p. 8). Specifically, Shulman (1987)
specified PCK as following:

Special amalgam of content and pedagogy that is uniquely the
providence of teachers, their own special form of professional
understanding.... It represents the blending of content and pedagogy
into an understanding of how particular topics, problems, or issues
are organized, represented, and adapted to diverse interests and
abilities of learners, and presented for instruction (p. 8).

Scholars working on the teacher knowledge came to an agreement that the
knowledge that teacher possesses should be special as any other profession: an
engineer, or a physician (e.g. Ball, Lubienski, & Mewborn, 2001; Ball, Hill, & Bass,
2005).According to Loughran, Mulhall, and Berry (2008) “PCK is an academic
construct that is based on the view that teaching requires much more than the simple
delivery of subject content knowledge to students and, that quality student learning is
not the simple recall of facts and figures” (p.93).Behalves of this idea argue that
teachers’ mathematical knowledge indeed demands the capability for teaching of
mathematics, as differently from capabilities required for the work of mathematicians
or other educated adults. Clearly, any adult having basic mathematical background
can easily carry out the computation: V32 + 42 =v/52=5, But in order to handle
students’ following wrong response: V32 + 42 =+/32 +1/42Z = 3+4 =7; teaching
requires not only recognizing that this student’s answer as wrong but also entails
analyzing the case and determining the source of the error. Moreover, error analysis
may not be sufficient, so teaching also involves explaining why this is wrong by
using different strategies; such as providing counter examples, trial and error or
other. At this point, it becomes important to convince the respondent for the next
correction step. Finally, for the correction step, teaching involves using multiple
representations of the issue. In brief, each step of handling students’ responses
involves a deeper and more explicit knowledge of the procedure itself. Each step

points to some element of knowledge of concept to teach. Shulman (1986)
3



exemplifies requirements for teachers as following: “the most powerful analogies,
illustrations, examples, explanations, and demonstrations — in a word, the ways of
representing and formulating the subject that makes it comprehensible for others” (p.
9). Teachers need to know general difficulties of students, for example, in
determining the height of the parallelogram, or their tendency of multiplying the
given lengths of sides to find the area of parallelogram. At this point, subject matter
specialist and any other educated adult may answer any such mathematics question
correctly, but teachers are expected to have more than this. For example, they are
expected be aware of their students’ ideas and their common errors, appropriate
teaching strategies etc. Thus, most scholars and policy makers have assumed that
such knowledge “not only exists but also contributes to effective teaching and
student learning” (Hill, Ball, & Schilling, 2008, p. 372). Moreover, Ball (1991)
claims that teacher knowledge have profound effect on all aspects of teaching.
Specifically, studies on students’ learning and student achievement resulted in a
common conclusion that what the teacher knows has a great impact on what is going
on the discourse of teaching and what students learn (Fennema&Franke, 1992; Hill,
Rowan, & Ball, 2005) .

Although there have been some empirical studies (e.g. Fennema&Franke,
1992; Carpenter, Ansell, Franke, Fennema, &Weisbeck, 1993; Cobb, Wood,
&Yackel, 1990) on the relationship between teacher knowledge and student learning,
we still have limited knowledge base regarding the determination of professional
knowledge and its relationship with student learning. PCK and its components are
still ambiguous concepts (Lee &Luft, 2008; Loughranet al., 2008) and need to be
studied extensively. Literature suggests that more research is needed to define

desired PCK for specific topics and examine its influence on teachers’ practices
(Kinach, 2002;Park & Oliver, 2007;Segall, 2004;Smith, 1999).

Besides, Ball and her colleagues (2008) emphasize the necessity of
improvement in theoretical development of PCK in terms of analytic clarification
and empirical testing. They investigate the nature Shulman's (1986) notion of
pedagogical content knowledge and propose a practice-based theory of content
knowledge for teaching built on PCK (Ball, Thames, & Phelps, 2008). They try to

unpack the PCK in their study and propose the following model in order to give in-
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depth analysis of mathematics knowledge for teaching (Ball et al., 2008). The
domain map for “Mathematical Knowledge for Teaching”points out the knowledge
the teachers are expected to have. As given in Figure 1.1 the domain map -
Mathematical Knowledge for Teaching- has two main subdomains; Subject Matter
Knowledge (SMK) and Pedagogical Content Knowledge (PCK).

Subject Matter Knowledge //_: Pedagogical Content Knowledge
Knowledge
of Content
ggmg:gn and Students
K
Knowledge o (KES) Knowledge
(CCK) Specialized of Content
Content and
Knowledge Curriculum
Knowledge at (SCK) KCC
mathematical Knowledge of ( )
Horizon Content and
Teaching
(KCT)

Figure 1.1Domain map ofMathematical Knowledge for Teaching (MKT)

Reprinted from “Content Knowledge for Teaching What Makes It Special” by Ball,
Thames and Phelps, 2008, Journal of Teacher Education, 59 (5), p. 389-407

SMK, particularly, covers “how to accurately represent mathematical ideas,
provide mathematical explanations for common rules and procedures, and examine
and understand unusual solution methods to problems” (Ball, Hill & Bass, 2005, p
378). As seen in Figure 1.1, SMK covers Common Content Knowledge (CCK),
which is common mathematical information that also many other professions use.
The other knowledge domain that SMK also covers is Knowledge at the
Mathematical Horizon. This knowledge allows teachers to see how to link
mathematical concepts they are currently teaching to students’ future mathematical
learning. Specialized Content Knowledge (SCK), on the other hand, is defined as
more than simply a collection of isolated facts and algorithms designed to produce
correct answers; instead it also includes a repertoire of interconnected and
meaningful concepts and procedures (Ball, 1990). This domain coincides with the
Content Knowledge stated in Shulman (1986), which is the part of PCK that refers to



the amount and organization of facts and concepts, including an explanatory
framework, about a subject in the mind of a teacher, as well as why those facts and
concepts are true. Ball (1990) pointed out the differentiation of SCK from the CCK
as SCK needed by teachers and non-teachers are actually alike. However, none of
those three knowledge domains in SMK — CCK, SCK and Knowledge at
Mathematical Horizon contain knowledge related to teaching (Ball et al., 2008).As
seen in Figure 1.1, on the right side of the domain map, there exist three knowledge
domains related to the Pedagogical Content Knowledge (PCK). These are
Knowledge of Content and Students (KCS), Knowledge of Content and Teaching
(KCT), and Knowledge of Content and Curriculum (KCC). Compared to the left side
of the model, SMK, this part of the model is considered to be more related to
teaching profession. In particular, the extent of KCS is summarized as the content
knowledge intertwined with knowledge of how students think about, know, or learn
this particular content (Hill et al., 2008). Similarly, KCT is the content knowledge
related to knowledge of instruction design, the sequence of particular content,
instructional advantages and disadvantages of representations used to teach a specific
idea and identify what different methods and procedures are necessary during
instruction (Ball et al., 2008). Finally, the extent of KCC was also clearly described
in the work of Shulman, (1987). He described KCC as the content knowledge related
to programs designed for the teaching of particular subjects and topics at a given

level considering the program materials in particular circumstances.
Reasons for Assessment of Teacher Knowledge

In the last two decades, identification of teacher qualifications has attracted
great attention of policy makers as well as scholars. Hill and her colleagues (2007)
summarized the necessity of valid and credible teacher assessment methods in three
main themes. The first one is related to political issues. Policy makers have been
looking ways to improve and try to find alternative solutions to allocate qualified
teachers. But, teachers are one of the key components of curriculum (Fullan, 2001),
the qualifications of teachers for implementing the curriculum should be taken into
consideration during teacher assessment. Thus, there is a need for valid and credible
teacher assessment tools peculiar to the subject matter knowledge for teaching.



The second one is related to academic issues. Scholars have been tried to
establish evidences for the effects of teacher education programs on teachers’
capacity, knowledge, and skills. For example, teacher education programs have been
revised in Turkey as well as the other European Countries in 1998 (YOK, 2007). The
content of teaching courses were redesigned to acquire teacher candidates with
teaching skills, so it is required to assess teacher candidates through how they are
expected to learn. Determining the components of mathematical knowledge for
teaching (MKT) —those are also components of PCK- can help us in the process of
reforming teacher education programs and can support teachers in developing
knowledge required for effective teaching.

The last one is related to the theoretical issues. Several studies have been
trying to determine the nature of teacher knowledge. After identifying PCK as a
critical component for teaching, researchers and educators tried to find different
methodologies and techniques to determine the nature of teacher knowledge,
constitutive knowledge domains, and their interrelations between each other, and
also they tried to be more precise and accurate in the assessment
ofteacherknowledge.Developing such measures are necessary for also validation of
the theories. Carrying out an assessment development aiming nationwide will have a
positive effect on academic studies. We must recognize that PCK is the heart of the
teacher qualification standards that can illuminate the further studies aimed to
determine effective teaching. Furthermore, Hill et al., (2008) state that there is lack
of information on developing valid and reliable survey measures. There is also need

to present development process of content specific measures.

To sum up, based on the reasons stated above the purpose of this study is to
develop an instrument for seeking mathematical understandings of teachers, by
focusing mostly on teachers’ subject matter knowledge for teaching - special forms
of mathematical knowledge that are peculiar to the profession of the teaching (Ball,
Hill &Bass, 2005; Hill,Bass & Ball, 2005).

There were few projects studying the assessment of teacher knowledge in the
literature, which could also provide a clear and well-delineated framework for the
purpose of this study. However, considering both the context of Turkey and the



purpose of this study, the test was modeled upon the framework of Mathematics
Knowledge for Teaching (MKT). For this purpose, four subdomains of Mathematical
Knowledge for Teaching; SCK, KCS, KCT, and KCC, which are considered as

critically important for teaching profession, took place in the context of this study.

Format of Assessment Tool: Test of Subject Matter Knowledge for

TeachingKnowledge

Being aware of complexity of teaching, using single method may be limited
for assessing such a complex process. Ideally for a teacher assessment tool to be
comprehensive and coherent, all of the components of teacher knowledge should be
addressed. The results of authentic and alternative assessment techniques such as,
portfolios, case studies, concept maps, group projects, and writing assignments and
so on, could provide detailed results and could minimize the standard error of
measurement. However, implementation processes require much more time and
effort and also many of them are not appropriate for large-scale assessments.
Moreover, for a valid assessment, multiple data gathering sources such as
observation, interview, and paper and pencil tests should be used. However, when we
consider the assessment of mass number of teachers, it becomesalmost impossible to

use multiple assessment tools and procedures.

At this point, Haladyna (2004) suggests multiple- choice item format (and its
variants) for data collection from large groups based on its effective use and
profound research basis. Downing (2006a) confirms the feasibility of multiple-choice
item format for large scale cognitive achievement testing. Downing (2006a)
emphasizes the effective use of multiple-choice item format for varying range of
cognitive taxonomies. Downing (2006b) emphasizes the advantages of selected
response item format in terms of efficiency, effectiveness for measurement of
cognitive achievement. He attributes the most criticisms on selected response item
format to poorly written examples. For this reason, in the context of this study,
multiple-choice item format is chosen, in order to be more feasible for data collection

from large groups.



Measurement and Geometry

At this point, the instrument in this study covered only specific measurement
concepts: length, area, and volume. Through an extensive review of journal articles,
professional development series, elementary mathematics curriculum, and surveys of
textbooks, the main conclusion was that measurement concepts acknowledged within
the mathematics education community as the frequently researched and very
important topics in mathematics courses (Fuys, Geddes, & Tischler, 1988; Senk &
Thompson, 2003; Simon & Blume, 1994; Thompson & Senk, 2003;) and as topics
which students struggle (EARGED, 2003, 2005, 2007; Mullis, Martin, &Foy, 2008;
Sisman, Acat, Alpay, & Karadag, 2011; Van de Walle, 2007). Particularly, there
were three main reasons for limiting the test development task to these concepts: (1)
length, area, and volume are recurrent concepts for Grades 6-8, (2) these three
concepts offer a perspective that helps to get the idea about fundamental structure of
mathematical thought, how it evolves: especially deductive reasoning and proof, and

(3) students have poor performance of measurement items related to these concepts.

Moreover, measurement is one of the basic tools for students to make sense
the world around them. Besides, measurement provides probably the best chance to
present students the usefulness of mathematics as well as being an opportunity for
motivating students through active learning with realistic problem-solving situations
(Lindquist, 1984). Moreover, measurement is one of the main learning domains such
as numbers, geometry, algebra, probability and statistics in Turkish Elementary
Mathematics Program and measurement provides an opportunity to combine many
mathematical concepts within mathematics curriculum such as number, place value,
algebra, proportional reasoning, fractions, geometry, data (MoNE, 2008) as well as
mathematics with daily life. By the help of measurement skills they can make
connection between abstract odor of the mathematics and the way of concrete
expression of it (NCTM, 2000).

1.2 Purpose and Problem Statement of the Study

The purpose of this research was to develop and establish the construct

validity of an instrument designed to measure pre-service mathematics teachers'
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mathematical knowledge for teaching measurement. The test is referred as the Test
of Mathematical Knowledge for Teaching Measurement (TMK-M). The specific

research question is:

1. How valid is the TMK-M?

1.3 Significance of the Study

Most scholars and policy makers have assumed that the Pedagogical Content
Knowledge (PCK) not only exists but also has a profound effect on all aspects of
teaching (e.g Ball, 1990; Grossman, 1999; Even, 1993; Mason & Spence, 1999;
Wilkins, 2008). According to them this is the main knowledge domain for the
teaching profession. Even though it is assumed to have a profound effect on teaching,
PCK and its components are still ambiguous concepts (Lee &Luft, 2008; Loughran et
al., 2008) and need to be studied extensively. In the context of this study, an
instrument will be developed that quantitatively measures pre-service elementary
mathematics teachers’ mathematical knowledge of measurement concepts for
teaching, specifically the concepts of length, area and volume. Thus, the nature of
PCK on these concepts, its components, and interrelations between components will

be investigated.

Understanding of the nature of PCK is important in student learning and
students’ academic achievement is undeniable. The reviewed literature demonstrates
that the PCK and its components need to be carefully examined. It is thought that
studying the nature of PCK and its components may enable us to better understand
and enhance the student learning in mathematics education. Since there is not much
quantitative research examining the nature of PCK in our country, this research may
have implications for planning, development, and implementation of teacher
education programs aimed to put more emphasis on. By this way, it will be possible
to evaluate some of the existing research findings and assumptions regarding pre-
service teachers’ mathematics knowledge for teaching and how this knowledge can
be improved. Therefore, this research will contribute to the body of research that

curriculum developers, educators, academicians, and bureaucrats can utilize in
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developing teacher education programs. This research is important also since
understanding and developing mathematics knowledge for teaching may contribute
to a shift from a rote learning approach toward a meaningful learning approach. In
addition, efforts to improve the content of programs in terms of mathematics
knowledge for teaching may also lead pre-service teachers to use this knowledge. It
should be noted that all of these possible outcomes may yield a higher level of

academic performance in the mathematics education.

As teachers” PCK has a significant effect on teaching performance and all
outcomes of the education process, it is necessary to develop assessment tools
peculiar to this knowledge. There is a need for presentation of the procedure of
developing valid and reliable measures for teachers’ knowledge for teaching. The
product of this study is one of the examples of these necessary measures. Describing
a methodology for developing such an instrument and creating survey items that can
be used as a basis in future tools for assessing teachers' PCK were the other purposes

of the study in line with the need mentioned.

As is known; the effect of teachers” PCK and its components on teachers’
teaching strategies and students’ achievement in Turkey has been a new concept and
has newly become widely acknowledged by researchers. In other words, no previous
study exists in Turkish literature that investigates the teachers’ mathematical
knowledge for teaching measurement concepts. For this reason, the current study

attempted to fill the gap in literature related to the abovementioned topic.

Since teacher education programs have been revised and teacher education
courses have been redesigned to acquire teacher candidates with teaching skills, it is
required to assess teacher candidates through also how they are expected to learn.
Determining the components of mathematics knowledge for teaching (MKT) can
help us in the process of reforming teacher education programs and can support
teachers in developing the knowledge required for successful teaching.

The other contribution of this study is related to the fact that the
determination of teacher qualifications has attracted great attention of policy makers

as well as scholars all around the world. Developing measures aimed to assess
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teachers’ MKT is necessary for allocating qualified teachers. Current assessment
initiatives are not developed for exclusively assessing teachers’ MKT. However, as
teachers constitute one of the key components of curriculum (Fullan, 2001), the
qualifications of teachers such as MKT should be taken into consideration during
teacher assessment. During the teacher assessment, developing a valid and reliable
measure is the critical step. Literature suggests that more research is needed to define
the desired PCK for specific topics and examine its influence on teachers’ practices
(Kinach, 2002;Park & Oliver, 2007;Segall, 2004;Smith, 1999). Hence, there is a need
for valid and credible teacher assessment tools. There is limited knowledge base for
the determination of professional knowledge and its relationship with student
learning. At this point it is considered more appropriate to assess teachers” MTK
instead of assessing subject matter knowledge or general pedagogical knowledge as
done in current application, since, in order to scaffold students during their
knowledge construction, teachers are supposed to understand students’ conceptions,
misconceptions, and learning difficulties. In light of the foregoing, the test
development procedure and the product of this study are aiming at establishing a

prototype for such kind of measures.

1.4 Basic Assumptions of Study

In the current study, following assumptions were made during creating the

measures:

1) Participants’ total test scores were resulted from their mathematical
knowledge for teaching.

2) Content of the test was based on what teachers usually experience during
teaching geometry and measurement in their education.

3) Participants did not receive any other outside help during the
administrations.

4) Participants provided their best effort on the items, gave honest and

accurate information on test items.
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1.5 Definitions of Terms

Content Knowledge:lt is referred as subject matter knowledge including the
understanding of key facts, concepts, principles and frameworks in a discipline as
well as the rules, procedures, proofs, and underlying ideas within that discipline
(Brown & Borko, 1992).

Pedagogical Content Knowledge (PCK) :One of the commonly used
definition of PCK is that the knowledge domain “goes beyond the knowledge of
subject matter per se to the dimension of subject matter knowledge for teaching”
(Shulman,1986; p.9). The other detailed and commonly used version of PCK
definition is:

...the most useful forms of representation of ideas, the most powerful
analogies, illustrations, examples, explanations and demonstrations,... an
understanding of what makes the learning of specific topics easy or difficult:

the conceptions and preconceptions that students of different ages and
backgrounds bring with them to learning. (Shulman, 1986, p.9)

In this study, it is also referred as “content knowledge for teaching

mathematics” (Ball, Hill & Bass, 2002).

Curricular Knowledge: It is defined as the “understanding of curricular
alternatives available for instruction” (Shulman,1986; p.10).Content knowledge
related to programs designed for the teaching of particular subjects and topics at a
given level considering the program materials in particular circumstances (Shulman,
1987) .

Mathematics Knowledge for Teaching (MKT) :It is a multidimensional
construct that represents the professional knowledge of mathematics needed by
teachers. (Ball & Bass, 2000). Specifically, the mathematical knowledge “used to
carry out the work of teaching mathematics” (Hill, Rowan & Ball, 2005, p.373).

Knowledge at the Mathematical Horizon: This knowledge allows teachers
to see how to link mathematical concepts they are currently teaching to students’

future mathematical learning.
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Common Content Knowledge (CCK) :Common content knowledge is the
mathematical knowledge and skills used in all professions and settings (Ball,
Thames, & Phelps, 2008).

Specialized Content Knowledge (SCK) :It is mathematical knowledge that
refers to the amount and organization of facts and concepts, including an explanatory
framework, about a subject in the mind of a teacher as well as why those facts and
concepts are true. It is defined as more than simply a collection of isolated facts and
algorithms designed to produce correct answers; instead it also included a repertoire

of interconnected and meaningful concepts and procedures (Ball, 1990).

Knowledge of Content and Students (KCS) : It is summarized as the
content knowledge intertwined with knowledge of how students think about, know,
or learn this particular content and something particular in how students learn (Hill et
al., 2008).

Knowledge of Content and Teaching (KCT) : It is the content knowledge
related to knowledge of instruction design, the sequence of particular content,
instructional advantages and disadvantages of representations used to teach a specific
idea and identify what different methods and procedures are necessary during
instruction (Ball et al., 2008) .

Knowledge of Content and Curriculum (KCC) : It is clearly described in
the work of Shulman, (1987) . He describes KCC as the content knowledge related to
programs designed for the teaching of particular subjects and topics at a given level

considering the program materials in particular circumstances.
Elementary Grades: 6™ to 8" grades

Pre-service Elementary Mathematics Teacher: a university student
enrolled in a department of elementary mathematics education program who has the

intention of teaching in a elementary school mathematics.
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1.6 Overview of the Research Design

According to Clark and Watson (1995) the main purpose of the test
development is “to create a valid measure of an underlying construct” (p.309) and
Downing (2006) attributes the validity of tests to their systematic and detail-oriented
approach to provide evidence for each test development step, and sufficient evidence
to support the proposed inferences from the test scores. For this purpose, Downing
(2006) provides a model of systematic test development steps and he also
summarizes content and extent of those steps in his study. The content and extent of
the each step test development model provides a general framework for not only this
study but also method chapter as well. This section will provide an overview of the
development of the test. A brief description of how the instrument was developed is
presented in the following subsections. The shortened and adapted guideline of test
development steps of this study was presented in Table 1.2. As seen in the Table 1.2,
the content and extent of the steps and the section where these steps reported and

summarized were given.

Table 1.2Test Development steps in the current study

Chapter where the steps will be

Steps The Content and Extent of Steps reported

1 Overall Plan Systematic guidanf:e for test. _
development steps: construct; desired
test interpretations; test format () ;
major sources of validity evidence;
clear purpose; psychometric model; Chapter |
timelines; security; quality control

Sampling plan for test domain; essential
source of content-related validity
evidence; delineation of mathematics
knowledge for teaching

2. Content Definition
Chapter Il and Chapter 111

Operational definitions of mathematics

knowledge for teaching; framework for

validity evidence related to systematic,

defensible sampling of content domain; Chapter Il and Chapter 111
item characteristics of multiple-choice

format

3. Test Specifications

Development of effective stimuli;
formats; validity evidence related to
adherence to evidence based principles;
item editing

4. Item Development
Chapter I
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Table 1.2 (cont)

Designing and creating test forms;

selecting items for specified test forms; Chapter 11
operational sampling by planned

blueprint; pretesting considerations

Publishing activities; printing; security

issues; validity issues; issues concerned Chapter Il
with quality control

Validity issues concerned with
standardization; proctoring; security Chapter Il
issues; timing issues

5. Test Design and
Assembly

6. Test Production

7. Test
Administration

Validity issues: quality control; key

8. Scoring Test validation; item analysis Chapter IV

Responses

Validity issues; quality control; timely;

9. Reporting Test meaningful;

Results

Chapter IV

Adapted from “Twelve Steps for Effective Test Development” by Downing, 2006, Handbook of Test
Development, Downing & Haladyna (Eds), Mahwah, NJ: Lawrence Erlbaum Associates, p.5.

Since this study was designed for specific concepts of elementary
mathematics curriculum and dependently had no purpose of making high stakes
decisions. Hence, previously mentioned two of test development steps including
passing scores and item banking were ignored in the context of this study. The rest of

the steps were accomplished at some level of detail.

1.7 Organization of the Study

The following chapters will present some background information on the
impetus for development of the test and an evaluation and analysis of the instrument
from multiple psychometric perspectives. Chapter 1 presents general information
about test development procedures and signifies the importance and significance of
the study by summarizing the related theoretical background. The hypothetical model
is introduced in this section as well. Chapter 1 also consists of up with giving the
definitions of the important terms used in the current study. Chapter 2 presents
relevant literature in three major areas that have impacted the test development
process. First, a review of the teacher knowledge and its influence of the education
system and student achievement are presented. Assessment teacher knowledge was

also discussed with a focus on development procedures, outcomes, and common
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themes. Next, a focused review of measurement education literature is presented.
This literature was consulted to develop items for the test that would include known
misconceptions and common student errors. Finally, an overview of test theory
methods is presented to lay the framework for the analysis to be presented in further
chapters. Chapter 3 describes an overview of the research design; the development
process for the test from topic selection to revision practices as well as the major
characteristics of the participants, data collection and analysis procedures, and
validation issues. Chapter 4 provides a more detailed view of the test. An item-by-
item analysis is presented in the form of initial versions of the test. For each item,
item analysis statistics from the perspective of both Classical Test Theory and Item
Response Theory are reported including discrimination indices, difficulty, and item-
total correlations. Chapter 4 also presents analyses of the test using methods from
Item Response Theory. Chapter 5 includes conclusions drawn from the results of the
study and a discussion for future research, and chapter concludes with the

implications, limitations, and suggestions for future research.
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CHAPTER 2

LITERATURE REVIEW

The purpose of this study was to develop an instrument quantitatively
measure pre-service eclementary mathematics teachers’ (PMT’s) mathematical
knowledge of measurement concepts for teaching, specifically length, area and
volume. This chapter was organized into four main sections. The first part of the
chapter provided an overview of teacher knowledge, and knowledge domains
required for teaching, especially focusing on content knowledge and pedagogical
content knowledge. The second part provided information about assessment of
teacher knowledge, such as historical development of teacher assessment techniques,
assessing teachers’ pedagogical content knowledge and teacher assessment initiatives.
The third part provided a review of research studies related to knowledge of and
learning measurement, and difficulties and prevalent misconceptions in measurement,

specifically studies related to length, area, and volume measurement.

2.1 TeacherKnowledge

Studies on students’ learning and student achievement resulted in a common
conclusion that what the teacher knows had a great impact on what is going on
during class sessions and what students learn (Fennema & Franke, 1992; Hill,
Rowan, & Ball, 2005) . At this point, it has been argued that knowledge of teachers

have profound effect on all aspects of teaching (Ball, 1991) .

Carter (1990) defined the teacher knowledge as the total knowledge, which

underlies his or her actions. However, this knowledge could not be interpreted as all
18



the knowledge a teacher has actually plays a role in his or her actions (Verloop,
Driel, & Meijer, 2001) .In fact, there are various cognitive, affective or psychological
factors those have an effect on the behaviors of teachers (Lampert, 2001). However,
teacher knowledge is mainly related to the cognitive issues domain of teachers.
Moreover, some researchers argue that teachers’ effects on student achievement are
driven by teachers’ ability of understanding and using subject matter in their teaching
(Leinhardt & Smith, 1985;Shulman, 1986, 1987; Ball, 1991; Ma, 1999). For example,
teachers were expected to be able to explain the idea about doing mathematics, and
origin and nature of mathematics, organization of facts, concepts and principles, as
well as how and why the concepts were interrelated to various groups of students
with different characteristics. For each case, teachers should know an explanatory
framework considering those characteristics. Briefly, teachers were expected to have
a rich conceptual understanding of the particular subject content that they teach
(Loughran, Berry, & Mulhall, 2007) . So, most scholars and policy makers have
assumed that “such knowledge not only exists but also contributes to effective
teaching and student learning” ( Hill, et al., 2008, p. 372).

But, having good quality of content knowledge did not guarantee the success
at teaching (Ball, 1991; Ma, 1999).The interaction between the amount of content
knowledge that teachers possess and the effectiveness or the quality of teaching was
inconsistent (Begle, 1979). Monk (1994) and Monk and King (1994) summarized the
result such that students at higher levels benefitted from teachers having more
content knowledge, but at lower grades there was no effect on student achievement

clearly.

The main point for this finding was that “doing mathematics” was different
from “teaching mathematics”, and scholars working on the teacher knowledge came
to an agreement that the knowledge that mathematics, teachers’ mathematical
knowledge is different from the work of mathematicians or other educated adults
(Ball & McDiarmid, 1990;Ball, 1991; Ball, 1993; Ma, 1999;Ball, Lubienski, &
Mewborn, 2001; Ball, Hill, & Bass, 2005;Mason & Spence, 1999;Stylianides &
Ball,2008). The main conclusion that could be drawn from the studies on teachers’

content knowledge was that content knowledge determines the teaching quality, but
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does not guarantee teaching effectiveness. Especially, considering the fact that
teachers need to communicate their mathematical knowledge with children, teachers’

content knowledge in practice situations becomes an interesting area to explore.

At this point, Shulman and his colleagues conducted one of the most
significant researches on the teachers’ knowledge. In fact, the results of this project
shifted the teacher knowledge towards the combination of teaching content and
pedagogical skills (Shulman, 1986, 1987). Shulman (1986) introduced the notion of
new knowledge domain as Pedagogical Content Knowledge (PCK) and points out
the existence of the knowledge domain, which differentiates teachers from other
adults (Shulman, 1987) .The most widely accepted and commonly addressed

definition of pedagogical content knowledge was stated by Shulman (1987).

special amalgam of content and pedagogy that is uniquely the providence of
teachers, their own special form of professional understanding.... It represents
the blending of content and pedagogy into an understanding of how particular
topics, problems, or issues arc organized, represented, and adapted to diverse

interests and abilities of learners, and presented for instruction (p. 8).

In his study, Shulman (1986) elaborated three subdomains of teacher
knowledge in detail. The rest of four subdomains are referred to general aspects of
education. According to Shulman (1986) , Content Knowledge was defined as “the
amount of an organization of knowledge per se in the mind of the teacher.” (p.9). On
the other hand, Pedagogical Content Knowledge was defined as the knowledge
domain ‘“goes beyond the knowledge of subject matter knowledge per se to the
dimension of subject matter knowledge for teaching” (Shulman,1986; p.9). The
other knowledge domain was Curricular Knowledge, which was defined as the
“understanding of curricular alternatives available for instruction” (Shulman,1986;

p.10).

After Shulman’s work, researchers had continued to work on teacher
knowledge domains and to provide comprehensible relationships between these
knowledge domains. Although there was a consensus on the impact of teacher

knowledge on student learning, there was no clear consensus on which dimension of
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teacher knowledge was critical for teaching and student learning. Current study
focused on two main knowledge domains, which had also been captured the most
attention were subject specific content knowledge and pedagogical content

knowledge academically.

2.1.1 Content Knowledge

Content Knowledge is one of the main parts of teacher knowledge, have
affect the quality of teaching (Grossman, Wilson, & Shulman, 1989) and as well as
the student learning (Fennema & Franke, 1992) . Shulman (1986) defined the
content knowledge (Subject Matter Knowledge (SMK) also used synonym for
content knowledge) initially as ‘amount and organization of the knowledge per se in
the mind of the teacher’ (Shulman, 1986, p. 9).Even (1993) emphasized the
importance of powerful content- specific pedagogical preparation for effective
teaching, such that “only content specific pedagogical preparation based on
meaningful and comprehensive subject matter knowledge would enable teachers to
teach the spirit envisioned in the “Professional Standards for Teaching Mathematics”
(p.114).

Ball (1990) also highlights the critical aspect of content knowledge such that
teachers should understand mathematics deeply in order to be able to represent
mathematics in appropriate and multiple ways, to facilitate and handle student
understanding of mathematics. Moreover, Ball (1990) characterizes the substantive
knowledge in three fundamental principles besides the knowledge about mathematics

as following;

Teachers should know knowledge of concepts and procedures correctly such
as definition of trapezoid, definition of measurement, how to measure the area of

rectangle.

Teachers should understand the underlying principles and meanings such as

underlying idea of measurement of area with irregular units.
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Teachers should appreciate and understand the connections among
mathematical ideas such as the relation between multiplication and area
measurement, length measurement and are or volume measurement. Indeed, the
materials teachers use —curriculum materials, textbooks and other materials- do not

give part for connections among mathematical ideas adequately.

But Loughran et al., (2007) signify that “PCK is an academic construct that
is based on the view that teaching requires much more than the simple delivery of
subject content knowledge to students and, that quality student learning is not the
simple recall of facts and figures.” (p.93).For this reason, content knowledge was
valuable for classroom interaction (Ball & Bass, 2000) .

2.1.2 Curricular Knowledge
Bruner (1977) expressed the mission of curriculum as:

A curriculum is more for teachers than it is for pupils. If it cannot
change, move, perturb, inform teachers, it will have no effect on
those whom they teach. It must be first and foremost a curriculum
for teachers. If it has any effect on pupils, it will have it by virtue of
having had an effect on teachers (p.xv).

Curricular Knowledge is one of the main parts of teacher knowledge and is
defined as content knowledge related to programs designed for the teaching of
particular subjects and topics at a given level considering the program materials in
particular circumstances (Shulman, 1987) . Teachers were expected to be able to
understand the full range of interventions available to particular context for
instruction, to be knowledgeable about the order of topics in the same subject matter
area as well as curriculum materials apart from her/his own discipline for the specific
grade level (Shulman, 1987) .Specifically, Shulman (1987) exemplifies Curricular
Knowledge such that “Understanding materials well for that instruction, the
alternative texts, software, programs, visual materials, single concept films,
laboratory demonstrations or invitations to enquiry?” (p. 10) as well as “the
familiarity with the topics and issues that have been and will be taught in the same

subject area during the preceding and later years in school, and the materials that
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embody them” (p. 10) and “curriculum materials under study by his or her students

in other subjects they are studying at the same time” (p. 10).

The curriculum knowledge includes two categories of knowledge; the first
one is knowledge of particular subject specific goals and objectives, and the other
one is knowledge of curriculum materials in particular circumstances.
AlthoughShulman (1986) considered curriculum knowledge as separate knowledge
domain, later Grossman (1990) conceived curriculum knowledge as a part of PCK
considering the characteristics of PCK that the knowledge domain helps to

distinguish the subject matter specialist from the pedagogue (Shulman, 1986).

2.1.3 Mathematical Knowledge for Teaching

Based on Shulman's (1987) characterization of PCK, “the category [of
teacher knowledge] most likely to distinguish the understanding of the content
specialist from that of the pedagogue” (p. 8), scholars working on the teacher
knowledge came to an agreement that the knowledge that teacher possesses should
be special as any other profession: an engineer, or a physician (Ball et al., 2005)
.Shulman (1986) exemplifies requirements of teachers as following: “the most
powerful analogies, illustrations, examples, explanations, and demonstrations — in a
word, the ways of representing and formulating the subject that makes it
comprehensible for others” (p. 9). Besides, Ball and her colleagues emphasize the
necessity of improvement in of theoretical development of PCK in terms of analytic
clarification, and empirical testing. They investigate the nature Shulman's (1986)
notion of pedagogical content knowledge and propose a practice-based theory of
content knowledge for teaching built on PCK (Ball, Thames, & Phelps, 2008) . They
try to unpack the PCK in their study and propose the following model in order to
give in-depth analysis of mathematics knowledge for teaching (Ball, et al., 2008).
Based on this study, researchers defines new construct as an important subdomain of
“pure” content knowledge unique to the work of teaching, specialized content
knowledge, with other two important components of PCK (knowledge of content and

students, and knowledge of content and teaching).
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As seen in the Figure 1.1 they divide Mathematical Knowledge for Teaching
into two parts; Subject Matter Knowledge (SMK) and Pedagogical Content
Knowledge (PCK).

In this model SMK covers Common Content Knowledge (CCK), which is
common mathematical information how it is used in many other professions that also
use mathematics. The other knowledge domain that SMK also covers is Knowledge
at the Mathematical Horizon. This knowledge allows teachers to see how to link
mathematical concepts they are currently teaching to students’ future mathematical

learning.

Ball(1990) pointed out the definition of Specialized Content Knowledge
(SCK), as more than simply a collection of isolated facts and algorithms designed to
produce correct answers; instead it also included a repertoire of interconnected and
meaningful concepts and procedures. SMK also covers “how to accurately represent
mathematical ideas, provide mathematical explanations for common rules and
procedures, and examine and understand unusual solution methods to problems”
(Ball, Hill & Bass, 2005, p 378). This domain is coincide with the definition of
Content Knowledge stated in Shulman (1986), which is a part of PCK that refers to
the amount and organization of facts and concepts, including an explanatory
framework, about a subject in the mind of a teacher as well as why those facts and
concepts are true. Ball (1990) pointed out the differentiation of SCK, from the CCK
as special content knowledge needed by teachers and non-teachers alike. But, those
all three knowledge domains in SMK — CCK, SCK and Knowledge at Mathematical

Horizon - do not contain knowledge related to teaching(Hill et al., 2008).

In the same model PCKalso includes three knowledge domains as Knowledge
of Content and Students (KCS),Knowledge of Content and Teaching (KCT), and
Knowledge of Content and Curriculum (KCC), and this part of the model is

considered as more related to teaching profession than SMK.

KCS is defined as content knowledge intertwined with knowledge of how
students think about, know, or learn this particular content and something particular
about learners (Hill et al., 2008) .This definition of KCS is coincides with the
definition of PCK in Shulman (1987) “an understanding of what makes the learning
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of specific topics easy or difficult: the conceptions and preconceptions that students
of different ages and backgrounds bring with them to the learning of those most
frequently taught topics and lessons”(p.9). KCS is focused on teachers’
understanding of how students learn particular content, how to scaffold students’
learning and how to remedy their errors and misconceptions. Being aware of
interconnections and differences of these knowledge domains has important
implications on development of assessment tools” (Hill, et al., 2008). According to
the definition of KCS, for example, teachers need to know general the difficulties of
students for example in determining the height of the parallelogram, or their
tendency of multiplying the given lengths of sides to find the area of parallelogram.
At this point subject matter specialist and any other educated adult may answer this
question correctly, but teachers are expected to be aware of their students’ ideas and

their common errors etc.

KCTis defined as content knowledge related to knowledge of instruction
design, the sequence particular content, instructional advantages and disadvantages
of representations used to teach a specific idea and identify what different methods

and procedures afford instructionally (Ball et al., 2008) .

KCCis defined as content knowledge related to programs designed for the
teaching of particular subjects and topics at a given level considering the program

materials in particular circumstances (Shulman, 1987) .

2.1.4 Characteristics of Pedagogical Content Knowledge

The analysis of knowledge domains of teachers is still in field of the study the
effect of each domain on practice, interaction of each domain with others took the
great attention of the researchers, especially PCK. PCK is assumed as a
transformation of at least two constituent knowledge domains: general pedagogical
knowledge and content knowledge (Ball & Bass, 2000) . PCK differs from content
knowledge and general pedagogical knowledge in such a way that content
knowledge is the knowledge held by any content expert and general pedagogical
knowledge is the knowledge of experienced teachers, such as knowledge of how to

organize a classroom and manage students (Gess-Newsome, 1999) . Moreover, PCK
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is not a single entity that is the common for all teachers of a given subject area
(Loughran et al., 2007) . Although there are various conceptualizations of PCK
among scholars (Geddis et al., 1993; Gess-Newsome & Lederman, 1999; Grimmett&
MacKinnon, 1992; Grossman, 1990) there is a consensus on the two features of
PCK: the first one is that PCK is experiential knowledge and skills gained through
experience The other one is that PCK is the combination of knowledge, beliefs, and
values that teachers develop in the context of teaching situation (Lee & Luft, 2008;
Loughran, et al., 2007; Gess-Newsome, 1999). Based on these features of PCK, pre-
service teachers or novice teachers usually are expected having limited or minimal
PCK; while experienced teachers are assumed as possessing an integrated and
developed understanding of teaching (Lee &Luft, 2008). At this point, integrative
and transformative models of PCK could be useful to understand how features of
PCK evolve with experience of teachers. Gess-Newsome (1999) used mixture versus
compound analogy to explain these two models precisely. Considering the mixture
analogy, in the integrative model; the knowledge domains of subject matter
knowledge, pedagogical knowledge and knowledge of context exist in discrete
forms, like the existence of substances in the mixture without any structural change.
According to integrative model, any progress in components of PCK enhances the
growth of PCK as a whole (Gess-Newsome, 1999). On the other hand, the
transformative model is considered as the unification of the components of PCK, that
is, a synthetic knowledge of other knowledge domains, similar to the substances in a
compound in chemical process (Gess-Newsome, 1999). After the formation of PCK
it becomes impossible to separate PCK from other knowledge domains: PCK from
subject matter knowledge or PCK from general pedagogical knowledge. Owing to
reciprocal relationship between teaching experience and PCK, scholars tend to
attribute inexperienced teachers’ dependency on discrete knowledge domains to
integrative model, while they explain experienced teachers development of PCK
through transformative model (Lee &Luft, 2008).

PCK is still an ambiguous concept (Lee & Luft, 2008;Loughran, et al., 2008)
and need to be studied extensively. Literature suggests that more research is needed
to define desired PCK for specific topics and examine its influence on teachers’

practices (Kinach, 2002; Park & Oliver, 2007; Segall, 2004; Smith, 1999). Briefly,
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researchers studying on teacher knowledge have been focusing on the determination
of the nature of teacher knowledge, constitutive knowledge domains, and their
interrelations between each other (Hill et al., 2007) .

2.1.5 Pedagogical Content Knowledge of Pre-Service Mathematics Teachers

The transformative and integrative models of PCK introduced by Gess-
Newsome (1999) clarify the distinction between PCK structures of novice and
experienced teachers. On one end, there is the Integrative model, which assumes
PCK as an intersection of three constructs: subject matter, pedagogy and context. On
the other hand, for the Transformative model, PCK is assumed as the transformation
of subject matter, pedagogical, and contextual knowledge into a unique form, and
this unique form is the only source for their instruction. Gess-Newsome, (1999)
points out that there is a structural differencebetween cognition of PMT’sand
experienced mathematics teachers in term of knowledge domains and teaching
expertise.In the Integrative model three distinct knowledge domains exist separately
and integrated in teaching context. So, According to Gess-Newsome (1999), in order
to be more efficient “each knowledge base should be well structured and easily
accessible” (p.13). On the contrary, in Transformative model, there is unique
knowledge domain PCK, and “ PCK should be be well structured and easily
accessible”(p.13).So, in Integrative model teachers are expected to be more fluid in
the integration process for each topic, which is taught, whereas in Transformative
model, teachers are expected to have PCK for all topics that are taught (Gess-
Newsome,1999) .So it was good to summarize the results of studies on PCK of
PMT’s in terms of knowledge of content,knowledge of content and teaching,

knowledge of content and students, and knowledge of content and curriculum.

Before going ahead, it was also good the state the Grossman’s(1991)
quotation, which also summarized the fundamental expectation from teachers as

following:

“If teachers are to guide students in their journey into unfamiliar
territories, they will need to know the terrain well. Both knowledge of the
content and knowledge of the best way to teach that content to students,
help teachers construct meaningful representations, representations that
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reflect both the nature of the subject matter and realities of students’ prior
knowledge and skills.” (p. 203)

2.2 Knowledge of Content

Borko et al. (1992) argue that without a conceptual understanding of
mathematical ideas, teaching mathematics from a conceptual perspective is
unreasonable. Eisenhart, Borko, Underhill, Brown, and Jones (1993) characterize
conceptual understanding as the knowledge of the underlying structure of
mathematics and the relation between concepts, as well as the realization of the
various relationships between ideas that facilitate meaningful explanations of
mathematical procedures (Eisenhart et al., 1993).Ball (1990) emphasizes the
statement that being able to “do mathematics” oneself may not sufficient for helping
someone else understand and do mathematics, and she indicates that majority of
people are able to perform many kind of calculations without understanding the
underlying principles or meaning. The results of the studies, which examines the how
prospective teachers’ mathematical subject knowledge has been conceptualized,
revealed that prospective teachers, even in mathematics major, have weaknesses in
understanding, particularly in both substantive and syntactic elements of
mathematics (Ball, 1990;Tirosh, 2000) . Ball’s study (1990) , qualitative in nature,
detected that prospective teachers were rule and procedure dependent, and their
ability in doing mathematics (knowing the rule and perform calculation) was
sufficient for passing their courses but their non-structured, discrete, and procedure
based content knowledge might not insufficient for teaching. Similarly, Goulding,
Rowland, and Barber (2002) examines how mathematical subject knowledge has
been conceptualized and its relationship with classroom teaching. The results of the
study revealed that PMT’s have weaknesses in understanding, particularly in the
syntactic elements of mathematics, and as result of fragilities in insecure subject

knowledge and poor planning and teaching.

At this point, Fuller (1997) compares conceptual understanding of novice
teachers with experienced counterparts, qualitative research suggested that
experienced teachers possess a greater conceptual understanding of certain

mathematical topics than their PMT counterparts, and their interaction with both
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content and students was different in the favor of teachers having more conceptual
understanding of mathematics.

2.2.1 Knowledge of Content and Teaching

In 1989, Leinhardt identified and described the important elements needed for
teaching be comparing novice and expert teachers. Comparing with expert
mathematics teachers, results of the study revelaed that eventhough novice teachers
having rich mathematical background could not be transmitted their knowledge to
instruction context. Besides there were three main characteristics of lessons of novice
teachers. The first one was that their instruction was fragmented in the nature with
long transition between lesson segments. The next one was that novice teachers
tended to be confused by missent signals frequently. The last one was that they failed
to achieveinstructional goals and appeared to be abondoned with ambigious system
of goals.Leinhardt (1989) stated that novice teachers were able to be aware of the
failures but they lacked of analytics skills to understand where the failures occurred.
Borko, Eisenhart, Brown, Underhill, and Agard, (1992) reported that novice teachers
struggle with mathematical content they teach and they are very concerned about
their limited pedagogical content knowledge and the impact in classroom. In other
words, based on results of the study, they explained that novice teachers are more
content and procedure oriented. They may fail to explain underlying structure of
mathematics, interrelations of concepts, connections, and relationships between ideas
for mathematical procedures. The participant having the strongest mathematics
background in the study (Borko, et al., 1992) of failed to take appropriate
instructional decisions in front of students, and to generate meaningful explanations
and examples. Similarly, Mapolelo (1993) noted that strong mathematics background
of some novice teachers could not be observed in their teaching experience.
Participants of the study mainly depended on procedural and explanation orientated
lecture method. They had difficulty in designing meaningful activities that would
enhance conceptual understanding and also failed to encourage the students to
connect mathematical concepts. Many of the teaching cases revealed that novice
teachers experienced difficulties in capturing student conceptions. In fact, the studies

on PCK that novice teachers possess and their classroom practices reveal that strong
29



mathematical background does not guarantee the success of student understanding
(Borko, et al., 1992; Mapolelo, 1999; Even, 1993) .

To sum up, Ball and Wilson (1990) points out that PCKpossessed by novice
teachers was primarily procedural in content and instruction. The results of some
studies confirmed that improvement in of one of PCK domains did not enhance PCK

holistically.

2.2.2 Knowledge of Content and Students

Carpenter, Fennema, Peterson, & Carey (1988) interpreted the Shulman’s
(1986) framework for PCK from the perspective of knowledge of the conceptual and
procedural knowledge of students bring to the learning environment such as stages of
understanding, conceptions, misconceptions, and difficulties of students as well as
the required instructional skills those teachers should handle student cases.
Instructional skills of teachers include the ability of teachers to connect what to learn
for students to what they already possess, and the knowledge of techniques for
assessing understanding of students, diagnosing, and eliminating their
misconceptions. Research on knowledge about content and knowledge about
students thinking pointed out the value of student thinking on becoming an expert (
Ball et al., 2001; Carpenter et al., 1988; Fennema & Franke, 1992) . Tirosh (2000)
emphasized that prospective teachers’ conception about student knowledge was
strongly affected by the subject matter knowledge of them as well as naive beliefs
about mathematics and mathematics instruction. Moreover, results of the Tirosh
(2000) showed up prospective teachers who were aware of students’ tendencies on
specific mathematical concepts were able to use this knowledge in their attempts to
understand student thinking, and to diagnose the source of student errors. On the
other hand, prospective teachers who were unaware of students’ tendencies
interpreted the source of error as algorithmic mistake and reading comprehension
difficulty. Similarly, Vacc and Bright (1999) examined changes in pre-service
teachers’ abilities to provide mathematical instruction that was based on students’
thinking, besides change in their beliefs about teaching and learning mathematics.

According to results of this study, pre-service teachers unable to use students’

30



mathematical thinking in their teaching even though they may acknowledge the
tenets of student understanding. Livingston and Borko (1990) compared novice and
expert teachers in terms of their understanding students. The remarkable result of this
study was that novice teachers were more focused on content and task whereas
expert teachers were more concerned about student understanding, making
connections. In brief, Tirosh (2000) confirmed the claim of Cooney (1994) such that
“ it makes no more sense to base teacher education programs on the assumption that
teachers tabula rasathan to assume that students enter their classrooms void of a
wide range of conceptions of mathematics” (p.10) in terms of prospective teachers’

conceptions about student thinking.

2.2.3 Knowledge of Content and Curriculum

Basturk and Donmez (2011) studied on PMT’s level of curricular knowledge
about limit and continuity. The result of the study revealed that Turkish PMTs had
very limited and rhetoric (based on internet, interaction with others, daily life
experiences etc.) knowledge of curriculum. On the other hand, Mitchell and
Williams (1993) compared the expert teachers and novice teachers in terms of their
technology and curricular material use in classroom. The results of the study showed
that expert teachers use curriculum materials more appropriately, more frequently,
and more synthetically than novice counterparts. Eisenhart et al. (1993) also
confirmed that expert teachers exhibitedgreater tendency towards usingcurriculum

materials, learning tools their instruction.

2.3 Assessment of Teacher Knowledge

Literature about teacher assessment shows that teacher assessment tools and
examinations has been existed since 1850s, and has been reforming accordance with
changes in theoretical structures and frameworks. The format of the teacher
assessment procedures has been changed as well as the content. In the beginning,
based on short and limited personal interview formats have evolved into more

qualitative and complicated teacher assessment formats in recent decades.
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Lee and Luft (2008) summarized 1960s teacher assessment perspective that
researchers focused on the characteristics of teachers, schools, students and others to
predict the student achievement on standardized tests, which were seen too limited
and mechanic to cover the complex structure of the classroom environmentlater.
Then Leinhardt and Smith (1985) pointed out the deficiency of 1980s teachers
assessment tools that researchers focused on the observations of teaching practices -
most widely adapted technique for measuring teachers’ mathematical knowledge but
without aspects of mathematical knowledge for teaching. Besides observations,
second method widely used for investigating mathematical content knowledge is
exploring teacher knowledge via mathematical interviews and tasks. But this method
is not designed to yield generalizable inferences about individual participants’
knowledge just to help scholars to understand the nature of and extend of teachers’
knowledge. By 1990s some studies began to focus how mathematical knowledge
related to students’ math achievement. These attempts showed that teacher
effectiveness is related to their subject matter than their pedagogical knowledge.
These instruments have been evolving in the extent to which they infer the quality of
mathematics in instruction, as opposed to the quality of mathematics instruction.
Starting with the idea to test the relationship between mathematical knowledge and
student achievement has been evolved to the relationship between mathematics

knowledge for teaching and student achievement.

Considering the necessity of assessment issues; researchers and policymakers
have been studying on the development of valid teacher assessment tools. Hill et al.,
(2007) summarized the necessity of valid and credible teacher assessment methods
in three themes: the first one is related to political issues. Policy makers have been
looking ways to improve and try to find alternative solutions to allocate qualified
teachers. The second one is related to academic issues. Scholars have been tried to
establish evidences for the effects of teacher education programs on teachers’
capacity, knowledge, and skills. The last one is related to the theoretical issues.
Several studies have been trying to determine the nature of teacher knowledge. After
identifying PCK as a critical component for teaching, researchers and educators tried
to find different methodologies and techniques to assess the impact of PCK in order
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to be more precise and accurate in the teacher assessment, researchers have
developed.

2.4 Assessment of Pedagogical Content Knowledge

In general, assessment techniques of pedagogical content knowledge fall into
three main categories, such as paper and pencil tests, concept maps, pictorial
representations, interviews, and multi-method evaluations (Baxter & Lederman,
1999). First of all, the paper and pencil tests are composed of Likert-type self report
scales, multiple choice items and short answer formats. These methods are mainly
used to measure teachers’ attitudes and beliefs and teachers’ subject specific
knowledge. In mathematics, “Learning Mathematics for Teaching Project Team” at
University of Michigan have been to do an effort on conceptualization and the
development of multiple choice items aiming to assess teachers’ mathematical
knowledge for teaching (Hill, et al., 2004; 2008). But the results of the studies related
to this project pointed out the following two critical issues related to multiple choice
formats. First one is related to psychometrics of items; that is critical to examine the
construct validity of items, whether assuring the construct validity of items means
they really measures what they intended to measure at the beginning. Items may
overlook the essence of the PCK which is context specific knowledge and practical
knowledge in nature. Second, writing multiple-choice items is much more difficult
than other assessment formats (Hill et all, 2008). The second category for the
assessing PCK is that concept maps and pictorial representations. This method is
widely used to reveal cognitive structures of teachers. Teachers asked to make a
brain storming about a specific concept and issue. Then they are asked to draw a
picture or a chart to illustrate the relationship between those generated words. For the
other method in this category is giving teachers prepared cards containing names of
different concepts. And then researchers let teachers arrange those cards to represent
best relationship among each other (Baxter and Lederman, 1999). At this point
Kagan (1990) suggest that concept maps and pictorial representations are generally
used in short-term studies. For this reason using these methodologies are more
appropriate for short-term changes and methods may fail to explain extensive

understanding of PCK. Another criticism for pictorial and concept map assessment
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category is that researchers are not completely sure whether picture that teachers
draw really represent the underlying ideas of teachers. The third and final category
for the PCK assessment is multi-method studies. In this category researchers collect
data from different sources for data triangulation: such as interviews, observations,
cases, written documents, concept maps etc. Although it provides rich data sources
for validation of the study, the main criticism for this category is that it requires huge
amount of motivation and energy so it is difficult to make a replication study (Baxter
& Lederman, 1999).

After covering the main PCK assessment categories, it would be better to
retain following general challenges which are suggested by Kagan (1990) during the
PCK assessment process. First, PCK cannot be observed directly. The observed
behavior of a teacher may be only small portion of his total knowledge. We never
have idea about the teacher’s posterior knowledge decided not to use through our
observations. So, observations provide only a limited view of PCK. Second, despite
the attempts to refine the designs of research which aim to reveal teacher cognition
precisely, in some cases teachers may fail to express themselves because of either
lack of their expression skills or not being aware of their own cognition. The final
and obvious critique about PCK methodologies is that most assessment techniques
are qualitative in nature. Design, development, data collection, and analysis part of
qualitative studies are really time consuming and require high level of energy and

motivation.

2.5 Learning and Teaching of the Measurement Concept

The previous section of this chapter reviewed the constructs associated with
teacher knowledge without any content-related concern. The current section aims to
present an overview of where, how and why the students struggle and feel difficulty
related to the length, area and volume concepts. In each subsection, the results of the
studies related to the knowledge of PMTs as well as students in length, area, and
volume are also taken into account. Since the main idea of this study was focused on
the determination of PMTs’ pedagogical content knowledge on measurement

concepts, the development of measurement concepts in early years of students was
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mostly excluded from the literature review. The section will start with a discussion of
the importance of measurement from the perspective of mathematics teaching and
learning, and the fundamental principles of measurement concepts. Then description
of the meaning and value of the measurement will continue with a review of
misconceptions and difficulties of students on length, area, and volume

measurement.

2.6 The Meaning and Value of Measurement

Related research draws attention to two different ways of understanding or
definitions of measurement (Simon & Blume, 1994; Zembat, 2007). These are
considering the measurement attribute as a quantity and as an evaluation of quantity.
The first one is characterized by the definition of measurement by Osborne (1976 as
cited in Zembat, 2007, p.205). He defines measurement as a name of an “entity”,
which presents a quantitative summary of the content of what is measured. For
example, when anybody mentions about quantitative attribute of the lake as “450

ka”

, he gives a summary of mathematical analysis on the area of lake. The
summary contains the information about the quantity of the attribute (450) and the
structure of units used to summarize the proportion of the lake (km?). On the other
hand, measurement is characterized by the definition of Bright (1976 as cited in
Zembat, 2007, p.205) as a process of a comparison of the object/situation/event being
measured and the same attribute of a given unit of measure. From this perspective,
measurement is a name of a scaling activity. This means that measurement is the
activity of measuring the length of a rope, or measuring the temperature of a room.
Due to the frequent use of the term measurement as an activity, the term “measuring
activity” is used synonymously. Due to the variety of the “processes” associated with
this second meaning of measurement, it takes place within many mathematical
concepts. In either case, this second approach guides us to conceptualize the
measurement as involving both the constitution of an attribute as a quantity, and the

evaluation of that quantity.
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2.7 Measurement in Turkish Curriculum

Measurement is one of the main learning domains such as numbers, geometry,
algebra, probability and statistics in Turkish Elementary Mathematics Program
collectively (MoNE, 2006). According to the framework of Measurement Objectives
(MoNE, 2006), the measurement objectives in the middle grades should focus on
intuitive understanding of measurement, understanding what an attribute means, and
selecting and using a variety of measurement tools, standard units, measurement
systems (either metric or self-created), and the meaning and processes of
measurement. The objectives go on to state the importance of estimation in
measurement, applying the mathematical techniques, and establishing formulas to
determine measurements. Similar to Measurement Standards of the NCTM (2000),
students are expected to develop measurement skills for “understanding [of] how

these formulas relate to the attribute being measured” (p. 46) at middle grades.

More specifically, in early grades (Gradesl-3) of Mathematics Curriculum,
students are expected to develop intuitive sense with basic quantifying skills of
length, area and liquid volume measurement, and necessary measurement skills in
their daily life such as those related to money and time. At fourth grade, students are
expected to differentiate the perimeter and area, to perform perimeter and area
calculation, and to understand the relation between the units of liquid volume
measurement and convert them to each other. Based on the previous knowledge,
students are expected to improve their performance on perimeter and area
calculations and to develop an intuitive understanding of volume measurement at
fifth grade.

On the other hand, at sixth grade, students are expected to review length, area
and liquid measurement, and as differently from former measurement concepts, they
become acquainted with the angle and angle measurement, but they are not expected
to perform angle measurement. At seventh grade, they are expected to perform angle
measurement, to calculate perimeter and area of two-dimensional shapes, and to
calculate surface area and volume of three-dimensional geometric objects. However
at seventh grade students are confronted with new two-dimensional concept; circle,

accordingly the perimeter and area of circle, surface area and volume of cylinder.
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Finally at eight grade students are expected to review and conclude mathematical
formulas on volume and surface area of prisms besides the specific relationships on
triangles, such as Pythagoras and Thales. To sum up, understanding area and volume
measurement of geometric shapes such as prisms, cubes, and cylinder involves a
large portion of measurement in sixth-eighth grades mathematics (MoNE,
2006).Measurement experiences at the elementary grades typically focus on
empirical measurement such as calculation of perimeter, area, and volume. Other
measurement concepts; such as time measurement is a concern in early measurement
activities in early grades, whereas liquid volume and weight measurement are the

concerns of mostly science instruction.

2.8 Students’ Difficulties with Measurement

After the summary of measurement concepts throughout gradesl to 8
mathematics curriculum, Turkish elementary grade students had more difficulty in
geometry and measurement items in not only international examinations such as
Trends in International Mathematics and Science Study (TIMSS) 1999-R
(Educational Research and Development Department [EARGED], 2003), TIMSS
2007 (National Center for Educational Statistics [NCES], 2007), Programme for
International Student Assessment [PISA] 2003 (EARGED, 2005), PISA 2006
(EARGED, 2007), but also national examinations (EARGED, 2003, 2007).Results
from the 1999-R, 2007 (TIMSS) show that Turkish fourth and eighth-grade students
scored lower in the content areas of geometry and measurement than any other
mathematics content area (EARGED, 2003, 2007). Moreover, there was a 7-points
decrease in the mean scores of the students in geometry domain in TIMSS 2007 as
compared to TIMSS 1999 (Sisman, Acat, Alpay, & Karadag, 2011). The picture is
not significantly better than the results of PISA 2003, where the results showed that
more than 75% of 15 year-old students were at most the second level of geometry.
There were six levels predetermined for the mathematics achievement, and the mean
scores of Turkey is relatively less than the mean scores of the Organization for
Economic Co-operation and Development [OECD] countries as a whole (EARGED,
2005).
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2.8.1.1 Students’ Difficulties with Length

According to the Elementary Mathematics Curriculum (MoNE, 2006),
linear/length measurement objectives in the middle grades focus on intuitive
understanding of what the length measurement means, visual comparison, direct
measurement by using non-standard and standard units, conversions, knowing the
abbreviations of length units, performing length and perimeter measurement, and
conclusion with mathematical formulas on perimeter. Similar to other measurement
activities, understanding of linear measurement requires the understanding of
principles such as requirement of standard unit size, iteration of units, numbering of a
unit at its end, and partial units for measuring continuous length. Reece and Kamii
(2001) point out the role of indirect comparisons in teaching and learning length
measurement conceptually. According to them, “indirect comparisons require the
ability to make two kinds of mental relationships — transitive reasoning and unit
iteration” (p. 356). Transitivity refers to the ability of making use of a third
relationship in order to reach a conclusion about comparison of two measures
without any direct comparison. Based on their study, they stated that majority of
children are not able to develop transitivity ability before the age of seven even if it
is explained to them. Unit iteration, on the other hand, involves making a part-whole
relationship within each whole. Reece and Kamii (2001) argue that when children
become skillful in unit iteration and develop the logic of it, their measurement
becomes exact. Results of the study indicate that most of the children become able to
iterate a unit of length at about nine years age (Kamii & Clark, 1997). At this point,
results of studies on students’ understanding of length measurement indicate that
students face a series of difficulties related to length measurement as well as other
domains of measurement. The major and most reported students’ difficulties,

mistakes, and misconceptions on length measurement are summarized in Table 2.1.

As seen in Table 2.1, from the beginning of length measurement learning
students often have difficulty in iterating units by leaving gaps or overlapping units
while they are working with nonstandard units (Lehrer, Jacobson, Kemeny & Strom,
1999; Hiebert, 1981). At this level, they are also mistaken by thinking that different
sizes of units can be used for length measurement at the same time (Hart, 1998; Rayn

38



&Williams, 2007). In other words, students might use two different sized paper-clips

to measure the length of an object, then they make a mistake of counting total

number of paper-clips. This observation refers fragile and not well-developed

understanding of students on the use of units and nature of linear measurement

(Bragg & Outhred, 2001).

Table 2.1Summary of studies on students’ mistakes and misconception (Length

Measurement)

Mistakes and Misconceptions

Studies

Iterating units by leaving gaps or
overlapping units

Different units can be used for length
measurement

Counting hash marks or numbers on a
ruler/scale instead of intervals

Incorrect alignment with a ruler

Starting from 1 rather than O

Focusing on end point while measuring
with a ruler

Mixing units of length with other units
of measurement

Converting units

Confusing the concept of perimeter
with area

Length has overlapping property, can
be used for area measurement

Hiebert, 1981; Lehrer, Jacobson, Kemeny &
Strom, 1999

Hart, 1998, Rayn &Williams, 2007

Boulton-Lewis, Wilss & Mutch, 1996; Bragg
& Outhred, 2000; Mullis, Dossey, Owen &
Phillips, 1991; Stephan & Clements, 2003

Bragg & Outhred, 2000; Stephan & Clements,
2003

Ellis & Siegler, 1995; Lehrer, Jacobson,
Thoyre, Kemeny, Strom, Horvath, Gance et
al., 1998)

Blume, Galindo & Walcott, 2007;Bragg &
Outhred, 2000;Lehrer, 2003

Szilagyi, 2007

Rayn &Williams, 2007

Kidman & Cooper, 1997; Tan-Sisman &
Aksu, 2009, Ryan & Williams, 2007

Lehrer, Jenkins & Osana, 1998;

Moreover, Strutchens, Martin and Kenney (2003) state that there is significant

gap in students’ understanding of how scales on formal measuring tools work.

Students may fail to conceptualize the meaning of numbers and hash marks on rulers
(Bragg & Outhred, 2000; Boulton-Lewis, Wilss & Mutch, 1996; Mullis, Dossey,
Owen & Phillips, 1991; Stephan & Clements, 2003). Bragg and Outhred, (2000)

revealed that only a small portion of 5" grade students could conceptualize the
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meaning of numerals on a ruler, and make use informal units to construct personal

rulers.

For this reason, students fail to understand the role of zero point of ruler, and
they tend to read the point linstead of starting from origin (Ellis & Siegler, 1995;
Lehrer, Jacobson, Thoyre, Kemeny, Strom, Horvath, Gance et al., 1998).The
National Assessment of Educational Progress (NAEP) items reveal this gap by
asking students to measure lengths not aligned to zero or when the scale to be used
has no numbers on it (Wilson & Rowland, 1993). Due to lack of understanding the
nature and structure of ruler, students have tendency to focus on the end point
without considering the alignment of the ruler (Lehrer, 2003; Bragg & Outhred,
2000). In his study, Hiebert (1981) confirmed the results that a significant number of
9 — 13 year students fail to conceptualize the meaning of iterations with a unit, tiling
property -without overlaps or gaps- of length measurement when the quantity is
being measured. Data from Mathematics Assessment for Learning and Teaching
(MaLT) Project database revealed that students have difficulty in converting the
metric length units such as centimeters to meters or vice versa (Ryan & Williams,
2007). As a part of MaLT Project, 11 year-old children were asked to decide the
recent height at the time of jumping 20 cm above from the point that is 1 meter high.
But 23% of students converted 1 meter 20 centimeters to 12 or 1020 meters, which
could be interpreted as conversion misconception, which results from 10 or 1000
centimeters in meter misconception (Ryan & Williams, 2007). In addition to this,
students have difficulties of mixing the units of length with other units of

measurement (Szilagyi, 2007).

Results of the large-scale assessments showed that there are serious
weaknesses on students’ understanding of length measurement, indeed their
knowledge is fragile and not well developed. Items related to length measurement
from large-scale assessments can roughly be categorized into three groups:a) nature
of a measurement tool, b) quantifying the length of an object, and c) side length and
perimeter relationship of shapes. For example, results of released item that asks 4"
grade students to find “length of a toothpick placed on the broken-ruler” in NAEP
(National Assessment of Educational Progress) in United States in 2003 revealed that

only 20% of them were able to reach the correct answer (Blume, Galindo & Walcott,
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2007). Similarly, results of item, which asks 3", 4" 7" and 8" grade students to
determine “the length of an object pictured above a ruler when the end of the object
and ruler were not aligned”, revealed that majority of students found it hard to reach
a correct solution in NAEP 1985-86 (Lindquist & Kouba, 1989), NAEP 1996
(Martin & Strutchens, 2000) and NAEP 2003 (National Center for Education
Statistics [NCES], 2003). Comparably, results of 1999 TIMMS (Trends in
International Mathematics and Science Study) released item asking 8™ grade students
to find “the length of a curved string placed on a ruler” showed that less than half of
8" graders were able to answer the item correctly (International Study Center, 2000).
Mullis, Dossey, Owen and Phillips (1991) attributed these results to difficulty of
students in understanding the nature of measurement tools and how to use these
tools. From the perspective of Turkish context, the results of TIMSS 1999-R-R
(EARGED, 2003) and TIMSS 2007 (Mullis, Martin, &Foy, 2008) were not pleasant
either. Specifically, for the item in TIMSS 1999-R-R, which aimed students to
interpret the nature and use of unit in length measurement, asked 8™ grade students to
determine the person who has “most paces to walk to end hallway”. Disappointing
results of this item showed that only 976 of more than7000 students gave an answer
to this item and only 45.5% of them answered correctly. The International Average
Percentage (IAP) of 8" grade students was relatively high compared to Turkish
students and the mean of correct response on this item was 67.3%. The content of the
other item was about “accuracy of ruler”, and only 17% (IAP: 48.8%) of Turkish
students answered this item correctly among 2937 students who gave an answer. The
other two length measurement items in TIMSS 1999-R-R were about “the length of a
string pulled straight” and “length of a pipe” respectively. Scores of Turkish g grade
students on these items were relatively lower than the mean scores of international
results. About 2900 students answered both of these two items. However, only 29.5
% (IAP: 41.3%) of them answered correctly for the first one, and only 41.8 % (IAP:

72.3%) of students figured out the true result for the second item.

The other category of length measurement items in large-scale assessments is
side-perimeter relationship on the shapes. To illustrate, in NAEP 2007 4™ grade
students were provided a definition that “perimeter was the distance around”, and

were given the length of one side. Then they were asked to find the perimeter of a
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stop sign given that it had eight sides. But only 43% of 4™ graders could correctly
calculate the perimeter of the stop sign (NCES, 2007). Along similar lines, released
item, including the calculation of perimeter of a rectangle with given side lengths,
was asked to 3" and 7" graders in NAEP 2003 (NCES, 2003). The results of this
basic item confirmed the weakness of students on conceptual understanding of
perimeter. Only 17% of 3" graders and 46% of 7™ graders responded to this item
successfully (Lindquist & Kouba, 1989). On the other hand, the portrait of the result
did not differ when students were asked to determine the length of rectangular
playground whose perimeter and width were given. Results of this item in NAEP
2005 revealed that most of the 8" graders have a difficulty on calculating the length
of one side of rectangle, and only 40% of them reached the correct result (NCES,
2005). The trend of results on side length and perimeter relationship for Turkish
students does not change either. Two of two items in TIMSS 1999-R-R were about
side length and perimeter relationship. The first one requested 8" graders to find the
length of a rectangle from ratio of width and perimeter, the other one requested
students to find the ratio of width and perimeter in rectangle conversely. 2926 and
990 students gave an answer to the former and the latter one respectively. Scores of
Turkish 8" grade students on these two items were relatively lower than the mean of
international scores. Only 31.9 % (IAP: 42%) of students reached true result for the
first item, whereas 18.3% (IAP: 21.6%) of them reached true result for the second
item respectively. These disappointing scores of students indicate the poor
understanding of students on length concept, accordingly poor understanding of
perimeter. Martin and Strutchens (2000) confirm the incomplete conceptual
understanding of perimeter and length, by interpreting the result of the item, which is
asking 4™ graders to draw a figure with a given perimeter by the help of ruler in

NAEP 1996, since only 19% of those who responded could draw a correct figure.

Another issue that should be revised was about the wrong conceptualization of
students of nature of the unit. Data from Mathematics Assessment for Learning and
Teaching (MaLT) Project database revealed that 11 year-old students might count
diagonal of a unit square as 1 when students were asked to select two shapes with the
same perimeter on grid paper. Moreover MaLT Project database revealed that

majority of students at varying age levels have area and perimeter confusion.
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Concepts of area and perimeter provide probably the best opportunity to present
students the usefulness of mathematics through active learning with realistic
problem-solving situations. Inherently, these concepts have constituted an important
component of mathematics curricula. Nevertheless conceptual meaning and practical
use of about perimeter and area were shaded by the overemphasis on the procedural

skills and calculations.

2.8.1.2 Students’ Difficulties with Area

Acrea refers to a quantitative measure of two-dimensional surface enclosed by a
boundary (Piaget, Inhelder & Szeminska, 1981; Douady & Perrin, 1986; Baturo &
Nason, 1996). Hence surface area refers to total amount of all surfaces of a 3D
object. Like other measurement concepts, area measurement has a strong relationship
with daily life (Hiebert, 1981) but also mathematical concepts, including whole
numbers and multiplicative structures (Hirstein, Lamb & Osborn, 1978; Skemp,
1986). The main idea for teaching and learning area is conservation of area as well
as the conceptual understanding of area and how to measure it (Piaget et al., 1981).
Piaget et al. (1981) emphasize invariance property of area as a prerequisite for area
measurement and define conservation as the quantitative value of an area remaining

constant after reorganization of it.

According to the most recent measurement objectives (MoNE, 2006), area
measurement objectives in the middle grades focus on intuitive understanding of
what the area measurement means, visual comparison, direct measurement by using
non-standard and standard units, conversions, knowing the abbreviations of area
units, perform area and surface area measurement for three dimensional objects, and
conclude mathematical formulas on area. Similar to other measurement activities,
understanding of area measurement requires the understanding of principles such as
requirement of standard unit size, iteration of units, numbering of a unit at its end,
and partial units for measuring continuous length. The area formula of “length X
width”/ “base x height” is introduced in fourth grade and reviewed repeatedly until
8" grade. Carpenter, Corbitt, Kepner, Lindquist and Reys (1981) pointed out the

expected results of overemphasis on the formulas such as discrete and limited
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knowledge of students on area concept, computation problems, difficulties or
misconceptions. There are numerous studies paying particular attention to the
difference between of length/linear measurement and area measurement (Battista,
1982; Clements & Stephan, 2004; Kidman & Cooper, 1997; Nitabach & Lehrer,
1996; Nunes et al., 1993; Outhred & Mitchelmore, 1996). They stated that the main
difference between these two is the directness of measurement. Despite the direct
measurement of length, area is indirectly measured, lengths appearing in the formula
for calculating it, in other words measurement becomes more abstract when we shift

from length measurement to area measurement.

Research on learning and teaching area measurement indicate that students
faceproblems related to understanding of calculations besides conceptualizing the
area measurement at almost all grade levels (Fuys, Geddes, & Tischler, 1988;
Kidman & Cooper, 1997; Nitabach & Lehrer, 1996; Nunes et al., 1993; Outhred &
Mitchelmore, 1996). Results of the studies on teaching and learning of area
measurement revealed that not only students but also adults (Baturo & Nason, 1996)
and teachers (Tierney, Boyd, & Davis, 1986) have poor understanding of area
measurement. These studies usually put the blame on the traditional way of teaching,
which depends mostly on the formula instead of conceptual understanding, and
overuse of it. The major and most reported students’ difficulties, mistakes, and

misconceptions on area measurement are summarized in Table 2.2.

As seen in Table 2.2, students feel difficulty with understanding of area
concept. Most of the students involved failed to understand the area as a space inside
a figure in a study (Hirstein et al., 1978; Maher & Beattys, 1986; Carpenter, et. al,
1981), besides transitivity, and conservation of area as demonstrated in other studies
(Hiebert, 1984; Piaget, et. al, 1981). Difficulties on transitivity and conservation of
area refer lack of students’ understanding on the equivalence of a quantity of area
whether the area measurement is for two or more shapes in different forms or
reformations of same shape. Students continue to struggle with difficulties about the

concept of conservation of area throughout their growing ages.
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Table 2.2Summary of studies on students’ difficulties, mistakes, and misconceptions

(Area Measurement)

Mistakes and Misconceptions

Studies

Difficulty in understanding of
area as a space inside a figure

Difficulty in
understandingtransitivity, and
conservation of area

Confusing area and perimeter

Area and perimeter are directly
related in that one determines the
other

Applying the formula for finding
the area of a rectangle to plane
figures other than rectangles.

Difficulty in interpreting the
results of the procedure

Confounding linear and square
units

Difficulty in
understandinginverse
relationship between the size of
the unit and the number of units

Hirstein et al., 1978; Maher & Beattys, 1986;
Carpenter, Corbitt, Kepner, Lindquist & Reys,
1981

Hiebert, 1984; Piaget, Inhelder, & Szeminka,
1981, Kordaki, 2003

Ma, 1999; Wilson & Rowland, 1993; Kidman
& Cooper, 1996; Kenney & Kouba, 1997;
Martin & Strutchens, 2000; Hirstein, Lamb, &
Osborne, 1978; Kouba et al., 1988,

Hart, 1998; Kidman & Cooper, 1996;

Kospentaris, Spyrou & Lappas,
2011;Zacharos, 2006

Doudy & Perrin, 1986, Fuys, Geddis, &
Tischler, 1988;Kenney & Kouba, 1997;
Lehrer, 2003; Outhred & Mitchelmore, 2000;

Chappell & Thompson, 1999;Carpenter,
1975; Hiebert, 1981; Maher & Beattys, 1986;
Reynolds & Wheatley, 1996; Simon &
Blume, 1994; Steffe & Hirstein, 1976; Wilson
& Rowland, 1993

Carpenter et al., 1975; Carpenter & Lewis,
1976

These difficulties even remain with pre-service teachers (Maher & Beattys,

1986; Hart, 1989; Tierney, et. al, 1990). Additionally, students’ misconceptions or

difficulties related to use of area formula can be categorized into three themes. The

first one is where students confuse area and perimeter, and use formulas of perimeter

and area interchangeably (Hart, 1998; Kidman & Cooper, 1997). The second one is

that they tend to conserve areas by conserving their perimeters and vice versa (Hart,

1998; Kidman & Cooper, 1997) and the last one is that students may apply the

formula for finding the area of a rectangle to plane figures other than rectangles.
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Moreover results of studies indicated that students have difficulty in interpreting the
results of the “length x wide” computation (Doudy & Perrin, 1986, Fuys, et. al, 1988;
Kenney & Kouba, 1997; Lehrer, 2003). However, having difficulties in
conceptualizing the procedure of area measurementis not the case for only students
but also for prospective teachers (Baturo & Nason, 1996; Simon, 1995; Tierney, et.
al, 1990).

Difficulties in understanding the concept of area measurement also arise with
the concept of the unit of area. Based on the related literature two major categories
may help to summarize students’ misconceptions or difficulties related to use of unit.
The first one is confounding linear and square units (Carpenter, 1975; Hiebert, 1981,
Maher & Beattys, 1986; Reynolds & Wheatley, 1996; Steffe & Hirstein, 1976;
Chappell & Thompson, 1999; Wilson & Rowland, 1993; Simon & Blume, 1994;
Nunes, et. al, 1993). Specifically Nunes et. al (1993) noted the students’ failure in
understanding of parallelism between the attribute of unit and attribute of an object
that is measured. They explain the reason of this finding in such a way that students’
early experiences with measure deal solely with length, and according to them
students often perceive units of length as being universally applicable. The second
one is related to wrong counting strategies of units while performing area
measurement (Carpenter & Lewis, 1976). In some cases they tend to count only the
whole units neglecting the fragmented units in the area, or counting all parts as a
whole unit without considering it is fragmented or not (Carpenter et al., 1975).
Moreover Carpenter and Lewis (1976) observed that students have difficulty in
understanding the inverse relationship between the size of the unit, and the number
of units in when the area is conserved. Outhred and Mitchelmore (2000) discussed
reasons underlying students’ difficulty in the area formula that students often have
difficulty when they are required to translate their experiential knowledge into
mathematical abstraction. Based on their claims, similar to length measurement,
there is a one-dimensional and additive action in the process of physically covering a
rectangle with unit squares. On the other hand, two-dimensional and multiplicative
structure of area formula prevents students from linking their intuitive knowledge
and mathematical formalization (Mulligan& Mitchelmore, 1997). Furthermore, the
results of studies confirmed that the structure of the rectangular array is not
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intuitively obvious to children (Battista, Clements, Arnoff, Battista, & Borrow, 1998;
Mitchelmore, 1983). At this point, Carpenter, Coburn, Reys, and Wilson (1975)
suggested that if enough time is provided to students to develop an understanding of
the multiplicative structure of rectangular arrays in class, students' tendency to rote

learning the area formula may be prevented.

Data from MaLT Project database revealed that children have difficulty in
conceptualizing unit of area through varying age levels. For example, 13 year-old
children were asked three items related to the area measurement such as, converting
area measure, use of area formula, and calculating the surface area. Initially,
calculation of the area of sheet of paper with side length: 210 mm, 297 mm was
directed to 13 year-old children, and then they were asked to convert the value of
area into square meters (with calculators). MaLT Project database revealed that
students have difficulty in converting the metric area units such as square millimeters
to square meters or vice versa. Only 3% of children reached a correct result for this
item. On the other hand, 31% of children made decimal place error. Besides, only
12% of them used the correct linear ratio (1000:1). The second item was related to
the understanding and use of the area formula for rectangles. Children were given
two different rectangles, one is 12 x5, and the other is 10 x (...). Then, they were
asked to find the unknown length measure by using the information given when
those two rectangles have same area. For this item, almost half of children (46% )
answered correctly. However, 32% of them calculated perimeter instead of area to
find the missing dimension. The last item related to area concept was about the
surface area of a compound shape made from cuboids. Similar to previous statistics
of items related to area in MaLT Project database, only a small number of children
(10%) calculated the surface area correctly. More interestingly, one out of every five
children (19%) tended to calculate volume of an object rather than surface area.
Carpenter et al. (1988) noted another observation about students’ formula reliance on
area measurement in a large scale testing in United States that although about half of
the 7" grade students could get the correct answer when they were asked to find the
area of a rectangle when given both dimensions, majority of students failed to
calculate area of a square when given the length of one side. It was interesting that
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even though majority of students knew that the sides of a square are equal, only 13%
of these students applied their knowledge of the area formula.

There are numerous evidences that students also have difficulty in relating the
pictorial representation of area and mathematical formulization, even if students were
skillful in both processes separately (Mitchelmore, 1983; Outhred, 1993; Doig et al.,
1995). This is a similar case for pre-service teachers in the study of Simon and
Blume (1994). They asked pre-service teachers to visualize rectangular area as
measurable by an array of units. The results of the study showed that despite having
a sense of the structure of a rectangular array in a rectangle, pre-service teachers did
not seem to conceptualize the relation of array structure, the linear dimensions, and

the particular area unit.

Statistics of NAEP item, which asked middle grade students the rectangular
area as measurable by an array of units indicated that students have problem
conceptualization of area basically. Although students have no problem with
counting of units along arrays, they failed to perceive that the given number of units
refers the area of rectangular shape. From the Second NAEP (Carpenter, Kepner,
Corbitt, Lindquist, & Reys, 1980) 70% of the middle grade students gave the correct
answer. Similarly, statistics of the same item from the Fourth NAEP (Lindquist &
Kouba, 1989) indicated that only 54% of middle grade students gave the correct
answer. The results of these studies confirmed that middle-school students did not

assume the unit as a unit of measurement of an area.

Although there has been an overemphasis on the use of formula for area
measurement, Carpenter et al (1988) stated that only half of the seventh graders
tested could correctly calculate the area of a rectangle labeled with both the length
and width.

The statistics of administration of the NAEP (2007) reveals another pinpointed
fact that, while some progress has been made, 4™ and 8" grade students still have
difficulty with concepts related to area (NCES, 2007).From the perspective of
Turkish context, the results of TIMSS 1999-R-R (EARGED, 2003) and TIMSS 2007
(Mullis, Martin, &Foy, 2008) were not pleasant either. Specifically, for the item in
TIMSS 1999-R-R, there were two items related to the area. The content of those two
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items were parallel and asked 8" grade students to calculate the area of paved
walkway around a pool and the area of path around a garden. Disappointing results
of these items showed that about 980 of all students answered these items. For the
first one only 27.6% (IAP: 42.3%) of them could answer it in a correct way.
Similarly, for the second item there were only 22.4% (1AP: 41.5%) of students

answering this item correctly.

Almost all studies on teaching and learning area have indicated that the answer
of why students struggle so much on measurement concept -especially area- is
hidden under the way of how area concepts are taught in class. The reasons
underlying students’ difficulty in understanding area concepts could be summarized
in six themes, such as; a) early use of formulas-starting from the first steps of
introducing area concept (Simon & Blume, 1994), b) not enough allocated time for
emphasizing the concept of conservation of area without the use of numbers, c) not
enough emphasis on conceptualization of this concept in curriculum or
implementation of curriculum, d) fragmented way of studying areas without dynamic
relation to their perimeters (Kidman & Cooper, 1997), e) lack of efficiency of
manipulative activities in assisting learning (Hart,1993), f) use of units which are
preferred to are mainly focus on the introduction area formula rather than

conceptualizing area measurement (Douady & Perrin, 1986).

To sum up, related literature strongly recommends that conceptual
characteristics of the measurement process in the teaching process should be taken
into consideration for an effective teaching and learning of area concept (Battista,
1982; Kidman & Cooper, 1997; Nitabach & Lehrer, 1996; Nunes, Light, & Mason,
1993; Outhred & Mitchelmore, 1996).

Results of studies with pre-service teachers show that approaches of pre-
service teachers were not different from students’ cases. Tierney, Boyd, and Davis,
(1990) observed that pre-service teachers also tend to overrely on the area formula
“length x width”, incorrectly use this formula with irregular quadrilaterals, and have
difficulty in the conceptualizing the area formula and interpreting it. Moreover, pre-
service teachers are reported to have trouble in the use of units. Specifically, Simon
and Blume (1994) noted that some pre-service teachers tend to use linear units
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instead of square ones for area measurements. In addition; some pre-service teachers
also believe that doubling the lengths of the sides of a square doubles its area (Simon
& Blume, 1994; Tierney, et. al, 1990).

2.8.1.3 Students’ Difficulties with VVolume

Compared to other measurement topics, it is observed that concept of volume
has been overlooked in the mathematics education research literature. Rather, it has
been investigated more in science education research literature. From the perspective
of mathematics education a better, understanding of volume measurement —for
specifically teaching volume measurement-requires the understanding of principles
such as requirement of standard unit size, iteration of units, numbering of a unit at its
end similar to other measurement activities. VVolume measurement is one of the

comprehensive measurement concepts in elementary mathematics curriculum.

French (2004) defined volume as the amount of three-dimensional space in a
solid shape that can be quantified in some manner. More precisely, Piaget and
Inhelder (1967) defined three types of volume: a) occupied volume, b) interior
volume, and c) complementary volume. Although all these volume definitions
produce same measurement value quantitatively, each refers a different perspective
about concept of volume qualitatively. For example, occupied volume refers the
amount of space occupied by an object; on the other hand, interior volume refers the
‘enclosed volume’ or the free space enclosed in a closed surface, in other words
capacity of a container. Finally, complementary volume refers the volume of

displaced liquid when the object submerges in the holder full of liquid.

Although being aware of all these identifications of volume is important for
conceptualizing the idea, the characterizations of occupied and complementary
volume are mostly handled in science education, and in mathematics education

volume measurement is mostly considered as an interior volume.

According to the most recent measurement objectives (MoNE, 2006), volume
measurement objectives in the middle grades focus on intuitive understanding of

what the volume measurement means, direct measurement by using nonstandard and
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standard units, conversions, perform volume measurement,knowing the
abbreviations of volume units, and conclude mathematical formulas on volume of

right prisms, and cylinder.

Related literature identified mental processes that children go through in
developing a sense for volume concept (Battista & Clements, 1996; Battista, 1999;
Battista, 2003; Battista, 2004). In his studies, Battista strongly emphasizes the role of
enumeration of arrays in meaningful learning of not only volume concept but also
area measurement. According to researchers the main idea of enumeration may
prevent many potential misconceptions and errors even in later grades. Lehrer,
Jaslow and Curtis (2003) extended this to other similar type solids and signified the
importance of structuring and enumeration of units that need to be fit in a given

solid.

Despite its importance for not only mathematics learning but also science
education, volume is one of the most difficult concepts for students. Similar to area
measurement, the way of initial attempts to introduce the volume concept were
mostly based on one dimensional and additive action in physically filling a solid
object with unit cubes or any other type of units. On the other hand, three-
dimensional and multiplicative structure of volume formula prevents students from
linking their intuitive knowledge and mathematical formalization (Simon & Blume,
1994). Furthermore, the results of studies confirmed that the structure of the cubic
arrays is not intuitively obvious to children (Battista, Clements, Arnoff, Battista, &
Borrow, 1998; Battista, 2004; Mitchelmore, 1983). This encourages students to rely
on the use of formulas without conceptual understanding (Enochs & Gabel, 1984),
and unfortunately also teachers prefer to explain details of volume concept based on
formula (Fuys, Geddes, & Tischler, 1988).

Difficulty and complexity of volume concept have drawn more attention of
researchers in the measurement conjecture; consequently researchers have identified
several problematic issues for students regarding measurement concepts. The major
and most reported students’ difficulties, mistakes, and misconceptions on volume

measurement are summarized in Table 2.3.
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Table 2.3 Summary of studies on students’ difficulties, mistakes, and misconceptions
(Volume Measurement)

Mistakes and Misconceptions Studies

Lack of understanding of principles Battista & Clements, 1996, 1998;

underlying formula Battista, 2002; Raghavan, Sartoris,
& Glaser, 1998

Difficulty in the ides of conservation of Vergnaud, 1983

volume

Difficulty in counting the cube arrays shown Ben-Chaim, Lappan, & Houang

in the diagram 1985; French, 2004

Difficulty coordinating the numeric models Battista & Clements, 1998;

and operations with visual models Clements, Battista, Sarama,
Swaminathan, & McMillen, 1997

Confusion of surface area and volume Hirstein, 1981

Applying the formula for finding the area of a Enochs & Gabel, 1984
rectangle to plane figures other than
rectangular prisms.

Similar to area measurement, relying on the formula results in the lack of
understanding of principles underlying formula and also conceptual understanding of
surface area and volume measurement (Raghavan, Sartoris, & Glaser, 1998).
Battista and Clements (1996, 1998) summarized that students who learned the
volume formula without any conceptual understandinghavemore misconceptions and
greater difficulties in learning volume concept. At this point, although students can
perform the intended calculation, majority of them fail to interpret the results
theyreach. Battista (2003) summarized that students are not necessarily aware of the
number, which refers required number of units when measuring the area and volume.
Moreover, noted that rote memorization and rote application of formulas prevent
students to conceptualize the surface area and volume concepts and to improve
spatial structuring, Battista (1999, 2002) also mentioned that rote learning impedes
students’ development of coordinating the numeric models and operations with
visual models (Battista & Clements, 1998; Clements, Battista, Sarama,
Swaminathan, & McMillen, 1997). French (2004) also confirmed that most of the
students confuse surface area and volume and encounter problems while visualizing
three-dimensional objects and interpreting their two-dimensional representations. As

a matter of fact that Battista and Clements (1998) revealed the teaching of volume
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and surface area is restricted to a couple of formulas that do not make much sense for
children in elementary grades. Specifically, results of their study revealed that
teaching of volume formula before the age of children’s development of coordinate
representations is nonsense. Because they asked 5"grade students to find the surface
area and volume of rectangular prisms composed of unit cubes, but none of the
students who used a formula was able to connect the formula to a spatial structuring
of the cube building. Enoch and Gabel (1984) emphasized that students have a
tendency to use volume formula blindly for the solid objects other than rectangular
prisms. They explained this issue as an expected result of common sequence of
instruction for teaching the metric system, length, area, and volume accordingly.
They believed that the misconceptions held by students might be prevented if there is
an alternative sequence of concepts in teaching. Moreover, they suggested that
teaching volume might be handled apart from length and area measurement (Gabel &
Enochs, 1984).

One of the initial researches on volume concept by Ben-Chaim, Lappan, and
Houang (1985) observed that fewer than 50%of middle-grade students could count or
estimate the number of cubes (volume) of a rectangular prism structure represented
isometrically. Specifically, about 25% of fifth graders 40 (-45% of sixth and seventh
graders, and 50% of eighth graders could calculate the correct number of cubes of a
rectangular prism. In the same study, Ben-Chaim et al. (1985) identified four
categories of common errors made by middle school students such as: a) counting the
visible cube faces shown in the diagram, b) counting the visible cube faces and
doubling, c) counting the number of cubes shown in the diagram, and d) counting the
number of cubes shown in the diagram and doubling. The researchers concluded that
these errors result from students’ difficulty in spatial visualizing, and interpretation
of 2D diagram and how and in what extent it represents the 3D object. The summary
of the statistics has not differed throughout the age level of students. The results of
the second NAEP revealed that fewer than 40% of 17 year olds could count or
estimate the number of cubes (volume) of a rectangular prism structure represented
isometrically (Hirstein, 1981).Hirstein (1981) interpreted this result as the confusion

between volume and surface area. Similarly, French (2004) confirmed that students
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have a tendency to confuse the volume and surface area because of the rote

memorization of formulas.

From the perspective of Turkish context, the results of TIMSS 1999-R and
TIMSS 2007 revealed that Turkish students have difficulties related to the volume
concept. Specifically, there were two items related to the volume in TIMSS 1999-R
(EARGED, 2003). The content of the first one related to the use of volume formula
and asked 8" grade students to find the volume of stacks. The second one is related
to the liquid measurement, and asked students to find the number of 250 milliliter-
bottleswhen filled with total 400 liters. The statistics related to the first item, which
asked students to perform the volume formula, was really disappointing. Indeed only
23.8% (IAP: 55.0 %) of them could answer it in a correct way. Although the
difference between scores of 8" grade students and IAP scores is relatively low in the
second item which is about liquid volume measurement, the statistics of this item is
still worrisome. There was only a 37.9% fraction of students who could reach a

correct answer whereas the 1AP of this item was 41%.

On the other hand, related research on teachers’ understandings of content
knowledge related to surface area and volume has shown similar results to students’
(Hershkowitz & Vinner, 1984). Mayberry’s (1983) study of teacher knowledge with
respect to the van Hiele levels revealed that teachers’ own understandings of the

content resided largely at the first two of the five levels.

To the best of knowledge obtained while reviewing literature, there are a few
researches centered on teachers’ conceptions about the concept of volume compared
to other measurement concepts, such as area, perimeter. Almost all of these studies
on volume concepts focus on children. For example, Saiz (2003) investigated
primary teachers’ conceptions about the concept of volume. Specifically, she asked
primary teachers to determine the volume of some daily things, such as a chair, a
handkerchief, a sheet of paper, female screw, a spinning top. The results of the study
were worrying. The first striking result is teachers’ reliance on the formula. This
reliance lies behind the many misconceptions of teachers on volume concept. Saiz
(2003) revealed that teachers did not consider that objects have volume unless they

have apparent third dimension, like sheet of paper or handkerchief. Moreover,
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teachers did not consider that some daily things have measurable volume due to their
irregular shape, like chair, or spinning top. Based on the findings of Saiz (2003),
teachers claimed that since the volume formula could not be applied to irregular
shapes, the volume of irregular shapes might not exist. To sum up, “in non-scholar
situations teachers manifest the usage of different meanings related to the word
volume; the dominant one is that of volume as a number” (p.100) and “some teachers
have constituted a mental object associated with the bodies’ characteristic of ‘having

three dimensions’ ” (Saiz, 2003, p.100)

Concluding, not only teachers but also researchers should be aware of the
difficulties that students face in conceptual understanding of volume, and
accordingly in interpreting the procedural applications. Hence, they need to find
alternative ways to help students to overcome this problem, but, most importantly,
research conjecture should be aware of the difficulties of teachers and should leave
the field clear for teachers. Otherwise, it would be too difficult to get out a vicious

circle.
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CHAPTER 3

METHOD

In this chapter, an overview of the research design, major characteristics of
the population and sample, instruments of the study, procedures of data collection
and data analysis, and validation issues will be explained.

The first section gives brief information about overview of the research
design. The second section clarifies test development design in the current study,
which consists of development of test items and field-testing step by step. The third
section presents details of the study; the population and data analysis methods.

Reliability and validity issues are described in the final section.

3.1 Research Design

The main aim of the current study was to develop an instrument that
quantitatively measures pre-service elementary mathematics teachers’ mathematical
knowledge of measurement concepts for teaching, specifically on the concepts of
length, area, and volume. There were four main rounds of this study: Round One —
item development and pilot testing; Rounds Two and Three— field-testing; and
Round Four — validation. Accordingly, the data were collected at four different time
intervals through different methods (i.e. qualitative and quantitative).Participants had
been recruited from the departments of elementary mathematics education from
almost all districts of Turkey. This participatory study was conducted from the
semesters of fall 2010 to spring 2012. Based on this design (Downing, 2006), in this
chapter, results of test development procedures and quantitative data analysis of

survey data will be explained.
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3.2 Content Definition of the Test

This study was interested primarily in developing a non-computational
multiple-choice instrument that would assess pre-conceptions of pre-service
mathematics teachers’ mathematical knowledge of measurement concepts for
teaching, specifically on the concepts of length, area, and volume. “Mathematical
knowledge for teaching” refers to the knowledge domain which teachers are
expected to have and which makes difference between mathematics teachers and any
other educated adults. Briefly, teachers were expected to have a rich conceptual
understanding of the particular subject content that they teach (Loughran, et al.,
2007) . To sum up, the purpose of this study was to develop an instrument for
seeking mathematical understandings of teachers focus mostly on teachers’ subject
matter knowledge- special forms of mathematical knowledge that are particular to
the profession of the teaching (Ball et al., 2005; Hill et al., 2005). For this reason,
four subdomains of Mathematical Knowledge for Teaching; SCK, KCS, KCT, and
KCC, which are considered as critically important for teaching profession, took place

in the context of this study.

3.3 Preparation of Test Specifications

The second step was to preparethe test specifications and to determine the
necessary number of items related to objectives.Determining the test specifications is
a similar process in both Classical Test Theory and Item Response Theory. The
main point of this step is to set the criteria for conceptualization of the domain
(Walsh & Betz, 1995). It is important to define the construct and elaborate the
theoretical and empirical basis for the construct; in other words, it is necessary to
draw the boundaries and to state its relation with other similar constructs. Drawing
boundaries and stating the relations provide relatively specific information regarding
the nature of knowledge and how it might be assessed. This step also covers the

determination of how measurement should proceed.

Specifically for this study, if there had been well-defined teacher
qualifications those were sufficient enough to provide a baseline for teacher

assessment tools, there would not be a need to construct content specific table of
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specifications. When this study started, there were tentative teacher qualifications
prepared by MoNE (2008). But these tentative qualifications were too general, thus
too weak to provide a baseline for item construction at that time. For this reason,
before determining the test specifications, expected learning outcomes in
measurement concepts were specified. These learning outcomes were selected
because teachers are expected to provide learning environments for students to
construct their knowledge on specific measurement concepts. Thus, table of
specification was constructed based on the expectations from teachers considering
learning objectives in Elementary Mathematics Curriculum in Turkey (MoNE,
2010).

The starting point for selecting topics/themes to cover was mathematics
curriculum review for grades 6-8 using content analysis. Table 3.1 summarizes the
objectives in Turkish mathematics curriculum review for grades 6-8 (See Appendix
E).Curriculum in Turkish elementary mathematics mainly focuses on intuitive
understanding of the meaning of measurement, visual comparison, direct
measurement by using non-standard and standard units, conversions, knowing the
abbreviations of measurement units, performing measurement skills, and it ends with
mathematical formulas on measurement (MoNE, 2006). Similar to Measurement
Standards of the NCTM (2000), students are expected to develop measurement skills
for “understanding [of] how these formulas relate to the attribute being measured” (p.
46) at elementary grades.A list of commonly addressed measurement concepts for all
grade levels had been collected and also summarized in Table 3.1. The list was
reduced after eliminating uncommon concepts for all grade levels (See Appendix E).
Then, four key concepts were identified after examining mathematics curriculum
prepared by Ministry of National Education namely; conceptual meaning of
measurement in general, length measurement, area measurement, and volume

measurement. Table 3.1 summarized these four key concepts.
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Table 3.1Summary of key measurement concepts addressed for grades 6-8

Learning Area

Objectives

Measurement

Length
Measurement

Area
Measurement

Volume
Measurement

Students should be:
explain measurement conceptually.
makes conclusions based on strategically true estimations.

Students should be:
explain length measurement conceptually.
carry out length measurement computations (such as, length
of a line segment, perimeter of circle and polygons)
according to their grade level

Students should be:
*  explain area measurement conceptually.
carry out area measurement computations (such as, area of
polygons, surface area of 3D objects; prisms, cylinder
pyramid, sphere and cone) according to their grade level.
explain Pythagoras (Pisagor) theorem conceptually by using
area measurement.

Students should be:
explain volume measurement conceptually.
carry out volume measurement computations (such as,
volume of 3D objects; prisms, cylinder pyramid, sphere and
cone) according to their grade level.

Two sub domains of MTK (Specialized Content Knowledge and Pedagogical

Content Knowledge) proposed by Hill and her colleagues (2008) were essential

components of the test, and each item in the test was classified into one of these two

categories. Specialized content knowledge was specified as an essential component

of this study since it was one of the main parts of teacher knowledge, has an affect

the quality of teaching (Grossman, Wilson, & Shulman, 1989) and as well as the
student learning (Fennema & Franke, 1992) .Ball (1990) also highlights the critical

aspect of content knowledge such that teachers should understand mathematics

deeply in order to be able to represent mathematics in appropriate and multiple ways,

to facilitate and handle student understanding of mathematics. For this reason, the

weight of specialized content knowledge was equal to pedagogical content

knowledge.
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3.4 Item Development and Preparation of the Item Pool

The third step for systematic test development is to develop an item pool.
This subsection will provide an overview of methods used to systematically develop
multiple- choice items. Multiple- choice item format was selected as alternative
assessment techniques ( portfolios, case studies, concept maps, group projects, and
writing assignments) requires much more time and is not feasible for large scale

assessments (Haladyna, 2004).

Once the table of specification was constructed, nearly 50 item stems were
drafted considering the initial framework of item pool by the researcher. The items
were constructed to target subdomains of MKT. At this phase of the test
development, researcher conducted an interview with 4 in-service mathematics
teachers about the reality of cases for classroom environments. In-service teachers
investigate the tool in terms of feasibility of items in class environment, reality and
extend of cases given in item stems. The items were intended to be conceptual in
nature and each item has one correct answer. At the end of the revision of stems in
terms of content and context, about 30 stems were seen as more appropriate to
complete, and to construct distracters. Initial distracters were written based on the
known difficulties or misconceptions in the literature by researcher. The items had
been modified so that each item had total five alternatives just one correct answer.
The test is made up entirely of multiple-choice questions that assess understanding of

fundamental measurement concepts and those require little or no computation.

Face validity and content validity were determined by revision of two
university professors, one test developer, and seven pre-service mathematics
teachers. The interest of one professor is mathematics education and the others’ is
testing. They checked initial format of the items from the perspective of mathematics
education and testing principles. Test developer reviewed items from the perspective
of test development criteria, especially linguistic features of that may affect
comprehension. Before pilot implementation of the test, 7 pre-service mathematics
teachers took the early version of the test. They were asked to check the readability,
clearness, fluency of items as well as the comprehension of content as being test

takers. Some distracters were modified through pre-service teachers” comments on
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implementation of test. Refer to the Table 3.3 to see an example of initial layout of
each item with respect to the categories described in the table specifications. The

profile of 29-item table of specifications was displayed in Table 3.3.

Table 3.2Summary of item classification of test

Sub-Domains of MKT

SCK PCK
The concept of MS8, MS20
Measurement
Lenath Measurement 52+ LS6, LS1L, LAP7, LP28, LAP14,
g LS12. LS16, LAS25 LP29

AP3, AP4,AP5, LAPY,
AS13, AS19, AS23, AP10, LAP14, AP15,
LAS25 AP17,AP21, AP22,
AVP26

Area Measurement

VS9, VS18, VS24,

Volume Measurement \/S27

VP1, AVP26

As seen in the Table, there were two items (MS8 and MS20) including
specialized content knowledge on the measurement concept in general. These items
covered the underlying two ideas on measurement, the first item was about
comparison of quantities and the latter one was based on the estimation idea. On the
concept of length measurement, there were 10 items (LS2, LS6, LAP7, LS11, LS12,
LAP14, S16, LAS25, LP28, and LP29). As summarized in Table 3.3, there were six
items on the specialized content knowledge of length measurement, and the rest of
them were about the pedagogical content knowledge.

On the other hand, there were totally 15 items on area measurement (AP3,
AP4, AP5, LAP7, AP10, AP13, LAP14, AP15, AP17, AS19, AP21, AP22, AS23,
LAS25, and AVP26). The frequency distribution of the items on the area
measurement was as the following: three of them were on the specialized content
knowledge of area concept, three of them included knowledge of content and
students of area measurement and the rest of them were about the pedagogical

content knowledge of area measurement.
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Similarly, there were totally six items (VP1, VS9, VS18, VS24, AVP26, and
VS27) on the volume measurement. Four of these items were about the specialized
content knowledge on volume concept, and two of them were about the pedagogical

content knowledge of teaching volume.

3.5 Test Design and Assembly

Since test development is an iterative procedure, there were four
implementation phases and methodology of each implementation will be explained

in four sections.

In this study the development and administration of the instrument was
interconnected. The researcher decided to use four rounds to administer test items for
developing the appropriate multiple-choice items.

e Round One — item development and pilot testing;
e Rounds Two and Three- field-testing;

e Round Four — validation.

Briefly, the data collection of the study began with qualitative and
quantitative research methods, which framed the open- ended responses and
interview findings. In the first section, both quantitative data collection and
interviews were conducted. Other three rounds continued with quantitative data

collection (survey research).

Although all 4™year participants in Turkey were identified as the target
population of this study, it is not possible to come into contact with this target
population. Thus, accessible population and sampling procedures were determined
according to the purpose of each round. Participants had been recruited from the
departments of elementary mathematics education from almost all districts of
Turkey. This participatory study was conducted from the semesters of Fall 2010 to
Spring 2012.
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3.6 Context of the Study

Before explaining the sampling and data collection it may be better to give
more detail on elementary mathematics teacher education system in Turkey for
detailed description of current context of the study. For this purpose information
given in report of YOK (2007) (Council of Higher Education) was summarized. The
report published in 2007 offers comprehensive information on not only the structure
of current teacher education system, but also historical development of teacher

education systems from 1982 to 2007.

Although different teacher education models were experienced in the history
of Turkey, today all teacher education programs are required to have an
undergraduate degree. After the secondary school, there is centralized university
entrance examination in Turkey. Like all other undergraduate programs, elementary
mathematics teacher candidates are also enrolled in an undergraduate teacher
education programs based on their university entrance exam scores. At this point
teacher education programs provide two options for teacher candidates. Based on
their university entrance exam scores, they can prefer regular class (require higher
scores) or night class program. Although coursework of both options is same, there
exists a difference only in their course hours. Pre-service mathematics teachers
following the former option take their courses at daytime; on the contrary, the course
work of the latter option is in the evening. In fact, all teacher education programs in
Turkey follow the same coursework as suggested by the Higher Education Council.
Since, Turkish teacher education system is centralized and the Higher Education
Council determines the structure and the content of all teacher education programs.
However, the practical content of the courses may vary according to experience,

research interests and initiatives of faculty staff in education faculties.

The current programs of faculty of education are resulted from reform efforts
in teacher education programs throughout the country in 1998. The final program of
elementary mathematics teacher education program was revised based on these
reform efforts. As a result of field experiences, technology usage, methods of
teaching mathematics courses became more important and are emphasized in the

latest version of programs. According to current teacher education program, pre-
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service teachers are required to complete 153-credit coursework to become
elementary mathematics teachers (See Appendix F). This coursework contains
courses related to general pedagogical knowledge: including introduction to
education, learning and development, classroom management, guidance; courses
related to subject matter knowledge: including calculus and finite mathematics
courses; and courses related to pedagogical content knowledge: including methods of
teaching mathematics, school experience, and practice teaching. Pre-service
elementary mathematics teachers are required to complete 15 - credit coursework for
general pedagogical knowledge courses, 32- credit coursework for subject matter
knowledge (advance mathematics) related courses, and 14 - credit coursework for
pedagogical content knowledge courses. The courses related to general pedagogical
knowledge spread homogenously throughout all grades. The subject matter courses
are clustered in the first two years of the program, whereas courses related to
pedagogical content knowledge are clustered towards the end of the program. In the
third year of the program pre-service teachers are required to complete two methods
of teaching mathematics courses, and in the fourth year of the program there are two
field experience courses. Although there was some improvement on field experience
courses in 1998 reform, pre- service teachers are dealing with observation tasks

mostly. They have no opportunity to be actively engaged in teaching experience.

Although centralized programs exist for all faculty of education coursework,
there are differences between the intensity of content and process of courses in
different faculties. The content and the intensity of courses may also vary according

to experience, research interests and initiatives of faculty staff in education faculties.

To sum up, the content and structure of the courses related to pedagogical
content knowledge may have significant influence on the quality of teacher education

system as well as the results of this study.

3.7 Administration Process of the Study

There were four main rounds of this study: Round One — item development
and pilot testing; Round Two and Three- field-testing; and Round Four — validation.

Accordingly, the data were collected at four different time intervals through different
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methods (i.e. qualitative and quantitative).Participants had been recruited from the
departments of elementary mathematics education. Overview of the research design,
major characteristics of the participants, instruments of the study, data collection and

analysis procedures, and validation issues will explained in this section.

66



L9

Table 3.3The summary of the test administration process

Round Time Interval Participants Purpose Instruments Type Analysis
Field September 2010 44 PMTs Item Development 29 item-version  Quan. Thematic
Testing | to and of test Test &Qual.Data analysis

- . . Collection
December 2010 27 PMTs Pilot Testing Seml-gtructured
Interviews
Field February 2011 1010 PMTs  Revision 16 item-version  Quantitative Item
Testing |1 to of two separate  Data Collection  Analysis
Tests
Rasch
May 2011 .
ay 20 Analysis
Field September 2011 99 PMTs Revision 20 item-version  Quantitative Item
Testing 11 to of Test Data Collection  Analysis
October 2011 Rasch .
Analysis
Field February 2012 167 PMTs Validation 15 item-version  Quantitative Item
Testing IV of Test Data Collection  Analysis
April 2012 Rasch

Analysis




3.8 Administration of Field Testing |

The purpose of the first administration was to understand how items worked. So
both content analysis and qualitative interviews were conducted in Fall Semester 2010.
Results of this implementation provided an opportunity not only to obtain in-depth
feedback about the items, but also to understand how participants interpreted items and
reasoned through the distracters. In this study, researcher obtained data from the pre-
service teachers at their fourth year, translated and interpreted into meaningful
information. Also, the researcher made the final decision regarding modifications of

designed instrument.

3.8.1 Demographic Information of Participants in Field Testing |

The initial step of test development was to determine how items worked. In order
to conduct an in-depth analysis convenient sampling was used at the first step of the
study. The initial version of the instrument was administered to 44 fourth year
participants at a state university in the fall semester of 2010. There were total 44
participants in the seventh semester of elementary mathematics teacher education
program. There were 32 female, and 12 male pre-service teachers. They all completed
the program requirements until that time. The minimum and maximum scores of CPG
are 2.03 and 3.50 respectively (Median=2.69).

For the interviews, again, criterion-based or purposeful sampling techniques were
used (Fraenkel & Wallen, 2006).The participants were selected according to following
criteria: (a) accessibility, (b) their ability on expressing themselves to get in depth
information, and (c) the differences in their perspectives in their open-ended responses.
The data were collected through semi-structured interviews. There were 27 participants

(10 male, 17 female participants) for the interview.
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3.8.2 Implementation Procedures of Field Testing |

In this round of study two types of data were collected. The first one was
administration of test itself. The second one was interviews with pre-service

mathematics teachers.

For the initial version of the test there were 29 items presented along with five
possible responses and the option to fill in an additional field (See Appendix A). The
researcher collected data herself and participants were asked to answer the items and to
comment on two topics. First, they were asked to explain their approach to answer item
such as; why they chose certain answers and how they eliminated others. Second,
participants were asked to point out any areas of confusion related to the content of the

item and to express their recommendations (if they had).

The administration of test took about 65-70 minutes long for participants to
complete the initial version of test. All pre-service teachers agreed to participate in a
study voluntarily, and all of the participants were encouraged to give their best effort on
the items. These results were used to revise distracters as well as stems of multiple-
choice items. Illustrations, wording and content of some items were revised based on
content analysis of open-ended responses. Based on the frequency analysis and cross-
tabulation statistics distracters those did not work properly were either rewritten or

replaced. In depth analysis of these findings will be explained in Chapter IV.

After the administration of the test, interviews with pre-service teachers was
carried out to further understand how participants interpreted and reasoned through the
items in order to obtain in-depth feedback about the items. The main purpose of the
interviews was to check whether audiences could correctly interpret the items or whether
there existed any other structural problems. Semi-structured interviews were performed
using an interview protocol (See Appendix C). Findings of these interviews were used to

clarify items as well as to revise the content and structure of distracters.

There were 27 participants interviewed on their responses about 40-60 minutes

time interval. There were 10 male, 17 female participants. Before the interview starts,
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each interviewee was given their test booklets and list of the interview questions (See
Appendix C). Then, pre-service teachers were asked to look at and remember the items

about 10-15 minutes time interval with the help of interview questions.

During their review, they were asked to evaluate readability and
understandability of wording, quality of illustrations as well as give-away characteristics
of distracters, specifically focusing on any structure, which unintentionally helps test
takers to answer the items correctly or prevent them to think in a correct way. Moreover,
according to interview questions participants were asked to comment on how and why
they chose certain answers. After they went on items for a while, participants were asked
to think aloud on their pre-determined items. The main purpose of asking interpretations
of items and their solution strategies was to check whether items were functioning as
intended. Recorded interview sessions were transcribed and organized. The transcripts
were utilized to better understand the findings from the initial administration. Analysis
of transcripts provided an opportunity to get in-depth information about how items were
interpreted by the test takers as well as the structure of items and distracters. In depth
analysis of these findings will be explained in Chapter IV. Based on these interviews,
the items were revised for clarity and distracters were improved. After required revisions
the next version of the test was administered in Spring Semester 2010-2011.

3.8.3 Data Analysis of Field Testing |

At this step of test development qualitative data analyses were conducted:

Qualitative data analysis included: a) the content analysis of open-ended

responses, b) analysis of interview results.

3.8.3.1 Content Analysis of Open- ended Responses

In the first phase, all multiple-choice items were coded according to the rubric
given in Table 3.5, and frequency analysis was conducted to see results of how keyed

items and distracters worked. This analysis was conducted in hopes of eliciting ideas
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that may have been overlooked during item construction. Rubric up to two points was
prepared; comments or claims in open-ended field were coded according to the rubric. In
fact, this rubric was prepared to determine the malfunctioning distracters, in such a way
that any distracter having 2 point might be an indicator of overlooked idea related to the
distracter. On the other hand, any keyed response has O or 1 point suggested to

investigate in detail.

Table 3.4Rubric for assessment of open-ended comments

Score Content

-Any comment, claim, or strategy, which is logically and

2 points : A . .
P mathematically correct - (even if computation errors exist)

- Any comment or claim, which discriminates the problem in the

1 point . . .
P given case, but somehow fail to determine true answer.
-Any comment, claim, or strategy that suggests a mathematical
solution but is not completely true.
0 point *No answer.

-Completely wrong comment or claim.

Cross tabulation with distracters and open-ended explanations gives idea about
functionality of distracters. Results of this analysis helped to revise distracters in detail.
For example, if there was logically and mathematically correct explanation to any
alternative previously determined as correct answer, this observation forced to make

necessary revisions related to either stem or distracters.

3.8.3.2 Analysis of Interview Findings

In the second phase, interview results were transcribed. The transcripts were
divided into episodes item by item. Those comments on specific items were categorized
into two main themes (See Table 3.6). The first one was necessary revisions to improve
the understandability of item, and the second one was a set of challenges, which resulted
from the interviewee’s background knowledge. The first category was divided into three
subcategories such as revisions necessary for visual of the item (visual), revisions

necessary for linguistic structure of the item (linguistic), revisions necessary for
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mathematical content of the item (mathematical content). Each category referred the
necessary revision for improvement of either stem or distracters. The second one was
coded as challenge resulted from the interviewee’s background knowledge (background
knowledge). These themes help to determine necessary improvements to revise items

analytically.

In order to be more specific, this process was explained for the case of LS2. After
transcription of the interview data, statements of all participants related to LS2 were
combined. Then, all comments were categorized according to four general themes stated
above. The researcher then refined and reformulated initially proposed items using the
patterns that emerged from the participants’ responses. Three different categories of item
modifications suggested by participants; a) visual, b) linguistic, and ¢) mathematical
content (see Table 3.6). Comments on the LS2 in each theme were gone over and

necessary improvement was done.

Table 3.5Rubric for assessment of interview findings

Themes Findings Revision

Visual “Red line on the visuals are not *Red lines turned into black
clear in photocopied sheets”
“Not clear enough how balls are
positioned inside” -Visible balls put inside

Linguistic No comment *Based on other comments in
the test, statement of item 2
also revised and the stem of
the item became shorter.

Mathematical ~ “No information about the sizes of -Term of “identical” was used

Content balls as well as cylinders. Are they  to describe both cylinders and
identical or not?” balls.

Background “No value of m. We cannot be sure  * No revision

knowledge the result of comparison.

Depending on the value of =, it is
either equal or one is longer than
other”.

An example of how interview findings affect the structure on items was given in
Table 3.6. For the initial version of LS2 as in the Figure 3.2, participants commented the

weaknesses of visual of item. The red color of security tapes in master copy resulted in
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fuzziness in further copies, since further copies duplicated in black and white. As a
result, it was necessary to change the color of security tapes in master copy. Another
comment was about the participants’ difficulty in imagination about how tennis balls

organized inside the packages, whether there exists space around balls or not.

Balls were assumed to be close-fit to packages and there was no extra space
around balls during item writing process. From this perspective, the issue was quite clear
for researchers, and accordingly it was overlooked until implementation of test and
interviews. For later implementations, packages were become transparent, and balls
became visible inside. For this item interviewees did not make any comment on the
linguistic structure of the item. But in order to shorten duration of implementation,

researchers revised the stem of the item as seen Figure 3.3.

Another important comment was about the mathematical content of the item.
Similar to researchers’ assumption on the positions of balls inside packages, sizes of
both cylinders and balls were assumed as identical. But there were no information stated
in the stem of LS2. But participants wanted to be sure about the sizes of cylinders and
balls, asked to confirm the identicalness during not only administration of the test but
also interviews. Dependently, the term of “identical” was used to describe both cylinders
and balls in item stem. Finally some interviews and some open- ended comments stated
that they might not be sure about the result of this comparison.They stated that they
sometimes used to assume the value of m as merely 3 to simplify the complicated
computations. If they had assumed the value of & as 3, lengths of these two security
tapes equal, on the other hand if they had used the value = as it is, the length of security
tape in Case 2 (stated as Figure Il in the item stem) would be longer than the Case 1
(stated as Figure I in the item stem). So, they confused with the result of comparison and
there was no clear answer for this case. These statements were directly related to the
participants’ background information, not related to the structure of item. Thus there was

no revision made for these comments.
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Example: The development of Item_2 based on interview findings

There are two cylinder packages below.
These cylinders contain 3 tennis balls

There are two identical cylinders containing
three identical balls inside given below.

inside. One of the security tapes of these
packages vertical shown in Figure |, and the
other is around the top as shown in the
Figure 1. The teacher asks students to
compare the lengths of these security

tapes.
Figure | Figure Il
One of the security tapes of these packages
vertical shown in Figure |, and the other is
around the top as shown in the Figure Il
Figure | Figure Il

The teacher asks students to compare the
lengths of these security tapes.

Some of answers of students are given below.

Which is the correct one? Some of answers of students are given below.

Which is the correct one?

Figure 3.2 Initial version of LS2 Figure 3.3 Final version of LS2

As exemplified for LS2, qualitative data analysis was conducted in this manner and data

analysis was carried out for all items discussed in interviews.

3.9 Administration of Field Testing 11

The purpose of the second administration was to understand how items worked
from the perspectives of Item Response Theory and Classical Test Theory. A
quantitative research design -survey method-was utilized to gather data for the study in
Spring Semester of 2010-2011. Both Rasch analysis and Item analysis were conducted

in order to see how items functioned.
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3.9.1 Population and Participants of Field Testing 11

Participants have been recruited from elementary mathematics education
departments from almost all districts of Turkey. In this step, random sampling was used
to determine the sample. All names of elementary mathematics teacher education
departments which had 4™ grade pre-service teachers were enrolled in the Microsoft
Office Excel program. By the help of random function of the program the sample of
Field Testing Il was determined.There were totally 1010 pre-service teachers from 17
universities. The summary of demographic information of participant was given in Table
3.6.

Table 3.6Frequency distribution of demographic information of participants (n=1010)

Frequency (f) Percentage (%)
Gender
Male 346 34.3
Female 649 64.3
Missing 15 15
Total 1010 100
Type of Program
Regular Classes 615 60.9
Night Classes 393 38.9
Missing 2 0.5
Total 1010 100
Teaching Experience (hour)
No experience 305 30.2
Less than 10 115 114
11-20 130 12.9
21-50 187 18.5
51-100 114 11.3
More than 101 159 15.7
Total 1010 100
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Types of program that participants enrolled also summarized in Table 3.6.
According to Table 3.6, more than half (60.9 %) of the total participants were enrolled in
the regular program, whereas 38.9 % of participants followed the night classes teaching
program. Participants were also asked their own teaching experience. They were advised
to answer this item considering all teaching activities those they had actively
participated in, such as teaching practices, voluntary teachings, private lessons etc,
except for classroom observations. Information related to teaching experience was
displayed in Table 3.7. As seen in Table 3.7, about one third of the participants (30.2 %)
had no teaching experience; the rest of them had varying levels of teaching experience.
Only about one sixth (15.7%) of participants had more than 101 hours teaching

experience.

Moreover, types of high school that students graduated were taken into
consideration. Information related to school types, which they graduated from, was
summarized in Table 3.8. According to Table 3.8, almost half of participants have had
background of teaching education since their high school education (47.3%), since they
had graduated from Anatolian Teaching High School.

Table 3.7Frequency distribution of the participants according to school types they
graduated

School Type Frequency (f) Percent (%)
General High School 131 13.0
Anatolian High School 252 25.0
Anatolian Teaching High School 478 47.3
General High School with
Intensive Foreign Language 93 9.2
Program
System Missing 56 55

Total 1010 100

Almost all participants completed the program requirements until data collection
procedure started. This means that they completed courses related to mathematical

content such as Calculus I and I, and Geometry as well as courses related to teaching
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such as Teaching Methods | and Il, and School Experience. Summary of related

information was given in Table 3.9.

Table 3.8Frequency distribution of participants who would graduate at the end of the
semester which data was collected (n=1010)

Frequency (f)
Course Complete Did not complete  System missing
Teaching Methods | 1004 4 2
Teaching Methods Il 984 14 12
Geometry 1004
Calculus | 1006
Calculus 11 1005 1

3.9.2 Data Collection of Field Testing 11

Items on each previous version of the test were analyzed the Spring 2010
version. A few items had undergone minor revisions and had been unchanged. Three bad
working items were eliminated. Required changes related to rest of items were made for

further implementations.

The initial administration revealed that 29-item test was too long and too difficult
to complete the test within the allotted time limit. Based on this feedback it was decided
to split items into two parallel tests in order to shorten the duration of implementation.
These items were included in the data set but were divided into their two versions, for
example Test land Test 2. The data included in the master set was shown in Table 3.4
and table of specifications of these tests are given in Table 3.10. The common items

serve as “anchor items” and item parameters are estimated simultaneously.

After constructing two separate tests just to see whether there existed any critical
difference between tests, these two tests were piloted in one state university. Initial item
analysis results indicated that there was no significant difference between item statistics
of two booklets. Based on this observation, it was decided to administer these tests as

77



they were. The next version of the instrument involved two sets of items (each contained

16 items with 6 anchor items).

Table 3.10 Table of specification of two tests

SCK PCK
Test 1 Test 2 Test 1 Test 2
The concept of
Measurement MS20, MS8 MS20, MS8
LS6, LS11,
:\‘Ae:a%t:remem LS16, LAP14, LAP7,
LS2, LS12 LAS25 LAP14, LP29
AP3, AP15, AP4, LAP14, AP21,
Area Measurement AP13, LAP14, AP5, AVP26, LAP7,
AS19, AP17 LAS25 AVP16, AP10 AP4
Volume VS27, VS18,
Measurement VS24 VS9, VS27 AVP16 VP1, AVP26

Frequency Distribution of Booklets

Two different booklets were assigned to participants randomly during the
implementation. Frequency distribution of the booklets was displayed in Table 3.12. As
seen in Table 3.11, the results indicated that the booklets were almost evenly split

among participants.

Table 3.11 Frequency distribution of booklets

Booklet Frequency (f) Percentage (%)
Test 1 504 49.9

Test 2 506 50.1
Total 1010 100

Moreover, the researcher administered all tests. During the administration, in
each classroom equal-number of the booklets was assigned to participants randomly.
Moreover in order to eliminate extraneous variables those possibly affect the results of
the study; such as cheating any other manipulations, were taken under control. Since the
booklets were assigned randomly, other demographic information of participants -such

as gender, program type they attended, teaching experience, graduation status, school
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type they graduated from- were also distributed almost in the same manner among

participants who took different tests.

3.9.3 Data Analysis of Field Testing 11

The instruments contained 16 items and participants were given approximately
35 minutes to complete it. The data obtained from the administration were tabulated and
entered into a computer spreadsheet. The scores from each subtest were entered into a
separate spreadsheet. The data in each spreadsheet were then visually inspected for
invalid entries. After the data were “cleaned” each spreadsheet was transformed into the
correct file format (i.e., .dat) for both ITEMAN Version 3.6 by Assessment Systems
Corporation 1994, and BIGSTEPS (Wright & Linacre, 1991) -computer programs for
Item analysis and for Rasch analysis respectively.

First, in order to guide the test development process Rasch analysis was
conducted. Once the data set had been created, the Rasch analysis was carried out using
the analysis software BIGSTEPS. The data were modeled with a Rasch model, which

estimates two parameters for the data: one is for person trait (6) and item difficulty (B).

After Rasch analysis, Item Analysis was conducted with the same data for the
perspective of Classical Test Theory. ITEMAN Version 3.6 was used for this purpose.
For each item, the difficulty, discrimination index, correlation with the total score, and
alpha-if-item-deleted values were determined. Misfunctioning items were either

eliminated or revised based on the item analysis results.

3.9.3.1 Rasch Model

Among all IRT models Rasch model has the fewest variables, one parameter for
trait level (6) and one parameter for item difficulty (). For this reason the Rasch model
is called as one-parameter model. At this point one-parameter refers "one™ parameter for
the difference between person position and item difficulty. In fact, model actually

estimates two parameters: person trait and the item difficulty. Parameters of person
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trait(6) and item difficulty (B) are used to calculate the probability of person (i)
succeeding on item (j) (Wright, 1977).

3.9.3.2 Assumptions of Rasch Analysis

There are three main assumptions for Rasch model similar to other commonly employed
IRT models. The first one is the sample size, different from other models of IRT, smaller
sample size might be enough to produce conclusions for Rasch model. The second one is
unidimensionality. The other assumption of Rasch model is the local independence,
which is parallel to the second assumption.

Sample Size

Although there are various standpoints about the proper sample size for parameter
estimations (Hambleton, 1989), Rasch analysis, however, requires fewer samples than
the other IRT models. For the Rasch analysis, the minimum number of sample size

recommended for 20-item test is about 200 examinees (Wright & Stone, 1979).
Unidimensionality

Rasch analysis assumes the presence of a dominant ability or trait that influences test
performance- which is called unidimensionality (Hambleton et al., 1991). In other
words, unidimensionality refers that there exist a single latent trait variable to explain
the variability of observed score as well as assumption for the test development in

classical test theory.
Locally Independent Items

The other assumption of Rasch model is the local independence, which is parallel to the
unidimensionality assumption and suggests that there is no correlation between test
items when person’s trait level is controlled (Hambleton et al., 1991). This simply means
that any item in the test should not affect the examinee’s response of any other item.
This, therefore, requires that “the content of one item must not provide any clues to the

answer to another item” (Hambleton & Swaminathan, 1985, p. 23).
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3.9.3.3 Test and Item Analysis within Rasch Model

Rasch Model is basically based on the idea that the results of unidimensional
measurement (examination of only one human attribute at a time) can be ranked along a
vertical line and this vertical line provides an opportunity for in-depth investigation of
data to researchers (Bond & Fox, 2007).

Hierarchy of items

One other useful representations of a Rasch analysis is the distribution map of
items and persons. Almost all software tools for The Rasch Analysis can graph person
position with item position. A distribution map of items and persons includes several
key features including central line marked out in logits typically ranging from -2 to +2),
which determine the relationship of the construct to the probability of response. The left
hand side of the distribution map includes the locations of respondents- indicated by a *
# 7, while the right hand side is the item locations in terms of item difficulty on the logit

scale (Bond & Fox, 2001).

Placement of items and persons on a common scale permits evaluation of test
function relative to the sample. This item-person graph is useful in three ways: (1) to
determine the extent to which item positions match person positions (appropriate, too
easy or too hard), (2) to detect the gaps in the measure, which suggests where items

might be added, (3) to assess the validity of the measure by reviewing the item order.

The distribution map of the items and persons gives idea about whether the
calibration process provided useful information. This table summarized the information
about the ability of examinees and difficulty level of items. The most able persons and

the most difficult items lined up upwards along the vertical line.
Fit Analyses

In order to benefit the advantages of Item Response Theory, the goodness of fit
should be provided. One of the emprical ways that this criterion can be assessed is by
using fit indices. Fit statistics provide the indices of fit of the data to the model and

appropriateness of the measure (Bond & Fox, 2001).
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The statistics of items and persons are estimated in terms of logit scale with some
degree of error. There are two types of indicators of misfit in Rasch Model. To begin
with, the first misfit index is overfit (muted), which is mean square value lower than 1.0,
in other words, a negative standardized fit. Overfit implies little variation in the response
pattern, perhaps indicating the presence of redundant items. The second misfit index is
underfit (noise) is a mean square >1.2 and standardized fit >2.0 and suggests unusual
and/or inappropriate response patterns. These indices can be used to identify and

sometimes correct a measurement disturbance (Linacre, 2007).

Person fit indices are indicator of how individuals respond to items. Linacre
(2007) exemplifies these cases such that noisy infit and outfit indices may give clues
about their inconsistency of responses. For example, noisy outfit index of a high ability
person might be an indicator of inattentiveness, confusion, carelessness, rush or sleeping
behaviors. Similarly, noisy outfit index of a low ability person might be an indicator of
guessing or any item targeting special knowledge. On the other hand, muted infit index

of low ability person may indicate caution or plodding.

Similar to person fit indices, item fit indices are indicator of how items function
logically and provide a continuum useful for all respondents. For example, noisy outfit
index of a hard item might be an indicator of ambiguity, negative wording, or
misleading options. On the other hand, muted infit index of an item may indicate similar

items in the test, correlation with other items in test (Linacre, 2007)
Person reliability and separation:

The other series of analyses address another Rasch measurement principle the
important criterion of reliability. In Rasch analysis, reliability is calculated by the item
separation index and the person separation index. Separation indices are useful for the
assessment of test spread across the trait continuum. Both items and persons spread
along the continuum in standard error units. A value of 1.00 represents high separation
ability, in which errors are low and item difficulties and students’ measures are well
separated along the scale (Wright & Masters, 1981). Person and item separation and

reliability of separation indices can be thought of as the number of levels into which the
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sample of items and persons can be separated. For a test development it is very useful
such that if separation exceeds 1.00, with higher values of separation representing
greater spread of items and persons along a continuum. Higher separation index implies
higher variance in person or item position, and then it yields higher reliability. In Rasch
analysis, Reliability of person separation is conceptually equivalent to Cronbach's alpha.
However, the formulas of these two are, in fact, different. Lower values of separation

indicate redundancy in the items and less variability of persons on the trait.

Linacre (2007) explains that there are several factor those affect the value of the
reliability, the first one is the variability in the ability of sample, wider ability range
implies higher person ability. The second one is the length of the test. Similar to
classical test theory longer tests imply higher person reliability. Sample-item targeting is
another factor that has an effect on the reliability value. Too hard and too easy tests
provide lower reliability values. Finally, higher number of categories among items
provides higher reliability.

Person separation index is an indicator of the spread in person measures. This
index indicates the number of distinct levels into which the sample of persons can be
classified. This degree of separation indicates that the difference must be due to the
differences in the magnitudes of the person’s underlying attribute (Bode & Wright,
1999). A variable is useful only if persons differ in the extent to which they possess the
trait. The larger the item separation, the wider the range of the attribute defined by the

set of items.

Item separation index is an indicator of the spread in item difficulties. This index
indicates the number of distinct levels into which the sample of items can be classified.
This degree of separation indicates that the difference must be due to the differences in
the magnitudes of the items’ difficulty level (Bode & Wright, 1999). The larger the
person separation, the wider the range of the attribute defined by the set of persons. A
variable is useful only if item differ in the extent to its difficulty. In order to determine

the extent to which the test distinguished among persons with different levels of
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functioning and participation (with separation index criterion set at > 2.0, and reliability
at > 0.50).

3.9.3.4 Classical Test Theory

CTT has traditionally been used to validate the psychometric integrity of new
measures and it has comprehensive literature. This section will outline the basic
concepts of CTT as well as highlights its strengths and limitations. The information
about basic model of CTT stated below is common in almost all psychological testing

sources; as a result, this information was summarized without any specific reference.

Classical test theory provides a model about test scores that introduces three
concepts- test score (often called the observed score),true score, and error score. Within
that theoretical framework, models of various forms have been formulated. For example,
in what is often referred to as the “classical test model” a simple linear model is
postulated linking the observable test score (X) to the sum of two unobservable (or often

latent) variables, true score (T), and error score (E), that is,
Test score (X) = True score (T) + Error score (E)

From this linear formulation, classical test theory assumes that the observed
score is the sum of the true score and some error, which includes the ability of the
examinees or the difficulty of items. In addition, true score of a person could be
calculated hypothetically by the mean of scores of the same test if a person had an

infinite number of the same test.

3.9.3.5 Assumptions of Classical Test Theory

One of the well-organized summaries of assumptions for CTT can be found in
the related chapter of Gruijter and Kamp (2008, p.13). They listed basic assumption of
CTT as following:
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(a) Classical test theory assumes that error scores are constant, i.e. true scores
and error scores are uncorrelated. As a result, the error score will neither decrease nor

increase due to a change in the true score.
(b) The average error score from the examinee population is zero in the long run.

(c) Error scores on parallel tests are uncorrelated. This implies that parallel tests
are two tests that yield the same true score and the same variances of error score from

the perspective of classical test theory.

(d) Repeated administrations of a test results in a value of the observed score

exactly equal to that of the true score.

3.9.3.6 Test and Item Analysis within Classical Test Theory

In order to determine how items work in relation to the other items and whole
test as well, there exist several tools to get useful information from the perspective of
CTT.

Descriptive Statistics: In order to see the overall picture about results of the test,
it is suggested that descriptive statistics be conducted. These statistics consist of
especially mean and variance. The values of mean and variance give the general idea

about the structure of the whole test and test items individually as well.

Item Difficulty: The item difficulty is a measure of the percentage or the
proportion of participants who answer the item correctly (Crocker & Algina, 1986). For
dichotomously scored items (multiple choice items) item difficulty is calculated by the
percentages of the true choice and the item difficulty (p) ranges from 0 to 1. If items are
harder then as expected the fewer people will reach a correct answer and items will have
low item difficulty, whereas easier items have high item difficulty. There is not a
common agreement on the ideal value for item difficulty. However, items that are
extremely easy or extremely difficult decrease the total variance of the test. For
dichotomously scored items, mean score represents this proportion and total test score

variance is assumed to be maximized when the p= .50 (Crocker& Algina, 1986). It was

85



decided that a wide range of item difficulties (0.2 < p < 0.8) was desirable. Items with
outlying p-values were flagged for revision or elimination pending further
administration of test. Item difficulty scores of items may indicator of poorly written
items. For example, a high p-value may also be an indicator of a poorly written item in
which the correct answer was somehow obvious to test takers based on factors unrelated
to the conceptual content of the item. On the other hand, a low p-value does not
necessarily indicate a malfunctioning item. A good item can sometimes be answered
incorrectly by most of students because it addresses a particular misconception or

reasoning difficulty.

Discrimination Index: The discrimination index is a measure of how well an item
separates high scorers from low scorers of the test. For dichotomously scored items
(multiple choice items) discrimination index for an item is calculated by using upper
27% and lower 27% of the examinees and item discrimination (D) ranges from 0 to 1.
The discrimination index gets its maximum value of 1 if every participant in the upper
group answers the question correctly whereas every participant in the lower group does
not. Items with a large, positive discrimination index are assumed to be good, which
gives evidence that the items are measuring the same construct and contributes to the
reliability of the test. Iltems with a low discrimination index may need to be rewritten or
reconsidered. If the items are hard or too easy, most of the participants may miss the

item; thus, discrimination index will be low.

Criteria for the discrimination index:

D > .40 — very good items,

39> D > .30 — reasonably good but possibly needs to be revised,

.29 > D > .20 — marginal items, usually needs to be improved,

.19>D — poor items, to be rejected or improved by revision.

(Ebel, 1979, p.267).
Correlational Indices of Item Discrimination: The correlation index is a measure

of how well an item correlates each item score with the whole test score. A positive
value of the point biserial coefficient indicates a positive correlation between the item

score and the overall test score. Likewise, a negative point biserial coefficient signifies
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that high scorers are answering the item incorrectly more frequently than low scorers
and may signify a problem with the question. In achievement testing, if an item is
functioning good enough, then high scorers have a high probability of answering this
item correctly, whereas low scoring examinees have a low probability of answering it.

So, the following is expected from a discriminating item:

- key option is selected by high achievers,

- distracters of an item are selected by low achievers,

- high achievers do not prefer to omit the item (Crocker& Algina, 1986).

For dichotomously scored items (multiple choice items) correlational
discrimination index for an item is calculated by calculating the correlation between the
item score and the total score for the rest of the items. There are two types of calculating
correlational discrimination index; point biserial and biserial correlation coefficients.
Point biserial and biserial correlation coefficients (r) typically range from zero to 0.4.
Especially, for the instruments that have a small number of items point biserial and
biserial values above 0.2 are considered good (Nunnally, 1967). The higher the item
correlations with the total test score are the more contribution there is on the test score
and the more reliable the test is. However, items with correlation indices lower than 0.30
may be considered for retention if the point biserial is significantly greater than 0.00
(Crocker & Algina 1986; Ebel 1965). For determined sample size, the minimum critical
value of the point biserial coefficient is set at two standard deviations above 0.00 (0.00 +
20p).

Overall Alpha Rank: The coefficient alpha (o) is @ measure commonly used to
estimate the reliability of an instrument as a whole. Reliability evidence of the scale is
assessed by internal consistency reliability (i.e., Cronbach’s alpha). Cronbach’s alpha is
a whole test measure; it can only be computed for single administrations of the
instrument. Coefficient alpha is, also, sample dependent and can vary depending upon
the characteristics of the sample. However, this sometimes results in difficult to interpret
it.
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3.10 Administration of Field Testing I11

According to item analysis statistics of second round 20 items were selected for
third administration. For third round of the field-testing, relatively good functioning 20
items were used for data collection. The purpose of the third administration was to
understand how selected items worked together. Similar to Field Testing Il, a
quantitative survey research design was utilized to gather the data for the study in Fall
Semester of 2011.Both Item analysis and Rasch analysis were conducted in order to see

how items were functioning and to obtain in-depth feedback about the items.

3.10.1 Participants of Field Testing 111

The second version of the instrument was administered to 99 pre-service
elementary mathematics teachers enrolled in two state universities in Ankara voluntarily.
In total 99 pre-service teachers; 79 of them were female (79.8%), 19 of them male
(19.2%), and 1 system missing, from 2 state universities. This was a sample of
convenience. Majority of participants, who took the tests, completed the program
requirements until that time. This means that they completed courses related to
mathematical content such as Calculus | and Il, and Geometry as well as courses related

to teaching such as Teaching Methods I and 11, and School Experience.

3.10.2 Data Collection of Field Testing 111

Based on both results of Item Analysis and Rasch Analysis of previous
administration, poor functioning 6 items were eliminated. Some remaining 20 items
were revised and made small changes. Those 20 items were administered in the fall

semester of 2011.

88



3.10.3 Data Analysis of Field Testing 111

The researcher followed the same procedure of Field Testing Il for data analysis.

Both item analyses and Rasch analyses were conducted.

3.11 Administration of Field Testing IV

The purpose of the fourth administration was conducted for validation study.
Similar to Field Testing Il and Field Testing Il a quantitative survey research design
was utilized to gather data for the study in Spring Semester of 2011. Item analysis,
Rasch analysis and Factor analysis were conducted to get an in-depth feedback about
items and test in general. According to item analysis statistics of third round 15 items
were selected for fourth and last administration. For fourth round of the field-testing,
good functioning 15 items were used for data collection.

3.11.1 Population and Participants of Field Testing 1V

There were total 168 participants voluntarily participating in this implementation.
Participants have been recruited from elementary mathematics education departments
from three state universities and one private university in Ankara. There were totally 168
pre-service teachers; 146 of them were female (86.9%), 22 of them male (13.1%), and 3
universities in Ankara. The descriptive results indicated that similar to other rounds.
Majority of Round Il sample was female (86.9%). But for this round, the number of
female participants was almost five times the number of male participants.Different
from other three rounds, in this round there were also 3" grade pre-service teachers. The
main reason why the third grade pre-service teachers had been included into this round
was to compare the mean scores between fourth and third grade of pre-service teachers.
There were totally 99 (58.9%) third grade pre-service teachers enrolled in this round, on

the other hand, there were 69 (41.1%) fourth grade pre-service teachers.
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3.11.2 Data Collection of Field Testing IV

Based on both Item Analysis Results and Rasch Analysis Results poor
functioning 5 items on the third iteration were eliminated. Remaining 15 items were

revised. Those 15 items were administered in the Spring Semester of 2011-2012.

3.11.3 Data Analysis of Field Testing 1V

The researcher followed the same procedure for data preparation, item analyses
and Rasch analyses, and consideration for removal of participants or items.

3.12 Quantitative Validityof Test

Validity is an important concept in the test development process. Messick (1989)
defines validity as “the degree to which empirical evidence and theoretical rationales
support the adequacy and appropriateness of interpretations and actions based on test
scores” (p. 13). Validity is a property of test scores and the inferences and decisions that
are made based on them. There are different types of validity (e.g., content validity,
criterion-related validity, predictive validity, concurrent validity) defined in literature.
But, Loevinger (1957) and Messick (1989) both argue that construct validity
encompasses all other types of validity. Based on this conceptualization, they point out
three components of construct validity: substantive, structural and external validity of

measures.

Substantive validity comprises the conceptualization of the domain and
development of an initial item pool for measures. The substantive validity goes beyond
making this claim based on the fact that the items are really represent intended construct.
This validity can be derived from a domain space clearly specified in advance and
judged by experts to be representatives of the area. Statistical analysis should confirm
that the items should function consistent with the construct, as well as consistent with
each other. Analysis of items should include individual analysis of keyed answer and
distracters.
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Face and content validity were determined by consulting in-service and pre-
service teachers, mathematics educator, test development expert and test developer. In
order to ensure the substantive validity of the test, four in-service teachers evaluated the
reality and appropriateness of cases in the item stems with real classroom contexts.
Besides in-service teachers, three experts were involved in evaluating the structure of
test. Content validity was also addressed by using the expert panel to ascertain adequate
topic coverage. One expert who is specialist in mathematics education not only
investigated content of items but also checked with respect to the categories of intended
domain in the table of specification. One test development specialist analyzed the
content and structure of items in terms of test development principles. One test
developer investigated the wording and language of items for readability and
understandability. Before implementing items, 7 participants asked to complete the test
and make comments and criticisms for face validity of test. Further, the issues of content
and construct validity were addressed by the extensive literature review. To sum up,
every attempt to provide evidence in test development steps also supported the

substantive validity of the test.

Structural validity of the measurement is complementary to the substantive
validity and mainly encloses the item selection and psychometric evaluation of the test
(Messick, 1989). According to his definition, the substantive validity relies heavily on
the analysis of test scores. Structural validity issues of test were addressed by conducting
individual analysis of keyed and distracter responses. Item analysis included item
analysis including calculating item difficulty, item discrimination, and correlation
coefficients. The values of these coefficients provided evidence whether it was a good
item in terms of general objective test theory. Each step explained in Item analyses and
Rasch analyses provided evidence to support the structural validity of the test. Classical
Test Theory provided an opportunity to analyze cumulative scoring; on the other hand,

Rasch Model provided an opportunity to analyze items as individual responses.

Finally, the external validity of how the test interacts with other measures (both

test and non-test behaviors) as predicted by construct theory (Messick, 1989). Thus,
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external validity of the measure depends on the quality of initial steps of test
development. Validation work begins to assess; using non-psychometric methods,
whether the items tap the intended construct. Briefly, the validity of each step in test

development will ensure the whole validity of the measure.

3.13 Qualitative Trustworthiness of Test

The study involved both qualitative and quantitative data collection. The
discussion of trustworthiness was considered according to following categories stated in
Lincoln and Guba (1985). Trustworthiness of qualitative data was addressed in terms of
credibility, transformability, dependability, and confirmability. Credibility refers to the
credible conceptual interpretation of qualitative data drawn from original responses of
participants. Transferability refers the degree of transferring qualitative findings beyond
the research context. Dependability refers the quality on the integration of data
collection and data analysis. Finally, confirmability refers the degree of supportiveness
of research findings by qualitative data. In order to ensure the trustworthiness of
qualitative findings of this study, there were some steps used systematically as suggested
in Creswell (2003) ; (a) triangulation of data during item development process, (b)
member-checking, (c) using peer debriefing, (d) clarifying the bias of the researcher, (e)

detailed description and reporting item development process.

The qualitative findings on how items were functioning were triangulated by
item analysis results, content analysis of open-ended responses, and interview
transcripts. In order to ensure the qualitative findings, the interpretations of the findings
were checked and confirmed by some of the participants. One impartial colleague who
was knowledgeable about not only mathematics education research but also content and
context of the study critically review the implementation and evolution of test
development steps. During interviews, researcher did not attempt to intervene the
participants’ expressions continuum, and the semi-structured interview protocol was also

used to minimize the effect of researcher bias.
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CHAPTER 4

RESULT

Overview of the research design, major characteristics of the participants,
instruments of the study, data collection and analysis procedures, and validation issues
were explained in the previous chapter. This chapter will provide an overview of the
development procedures of the test from the beginning to the whole test. There were
four main rounds of this study: Round One — item development and pilot testing;
Rounds Two and Three— field-testing; and Round Four — validation. Accordingly, the
data were collected at four different time intervals through different methods (i.e.
qualitative and quantitative).Participants were recruited from the departments of
elementary mathematics education from almost all districts of Turkey. This participatory
study was conducted from the semesters of Fall 2010 to Spring 2012. Based on this
design, in this chapter, qualitative findings and quantitative results of test development
procedures and results of quantitative data analysis of survey data will be explained.

The process of test development was an iterative process: the content coverage
and item functionality was investigated from the data collected from the Round 1; initial
item properties was investigated by using CCT and IRT analyses on the data collected at
Round 2 and Round 3. Many variations of items were analyzed to maximize the item
and test properties maintaining the content coverage across the range of participants’

abilities.
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The description of the results of the study begins with qualitative and quantitative
analysis, which framed the open- ended responses and interview findings. In the first
section, both quantitative results, i.e. item and distracter analysis to understand how
items worked, and qualitative findings, i.e. how PMTs interpreted items and reasoned
through the distracters will be explained in detail. Moreover final decisions on the item
selection process will be summarized at the end of the first section. In summary, a brief
history of how the test was developed will be presented including topic selection,

guestion development, and revision practices.

In the second section, results of quantitative data analysis of survey data will be
presented. In other words results of how items worked will be presented considering the
perspectives of both Item Response Theory and Classical Test Theory. The Rasch
analyses and Item analyses of Round 2 and Round 3 will also be presented to determine
a workable but reduced set of items in the second section. Along with these, analyses of
dimensionality and fit analyses were performed to check the unidimensionality and fit
assumptions. A presentation of the results of the field-testing of the items will be
explained with the most emphasis on the answer of the Research Question based on the
data from Round 2 and Round 3.After selecting the final set of items, lastly, results of
fourth administrations will be presented respectively.

4.1 Development of the Test and Results of Field Testing |

The main purpose of the first administration was to understand how items
worked. So both content analysis and qualitative interviews were performed with the
purpose of conceiving how the items worked at this step. In this version of the test there
were 29 items presented along with five possible responses and the open ended option to
write additional comments (See Appendix A). PMTs were asked to comment on why
they chose certain answers and how they eliminated others as well as to point out any
areas of confusion. After the implementation of TKM-M test, semi-structured interviews
with PMTs were carried out to further understand how pre-service teachers were

interpreting and reasoning through the items and to obtain in-depth feedback about the
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items. Since the purpose of the step was to understand how items worked, quantitative

analysis of test scores and reliability analyses were not conducted at this step.

The content analysis was conducted to analyze the responses stated in open-
ended fields of items. This analysis was conducted with the purpose of eliciting ideas
that may have been overlooked during item construction. Rubric up to two points was
prepared for each item, and comments or claims in open-ended field were coded
according to the rubric displayed in Table 3.6 in Chapter 3. Cross tabulation with the
frequency of distracters and encodes scores of open-ended explanations gives idea about
functionality of distracters. Results of this analysis helped to revise distracters in detail.
For example, if there was logically and mathematically correct explanation to any
alternative previously determined as incorrect answer, this observation forced to make

necessary revisions related to either stem or distracters.

Besides analysis of open-ended responses, interviews with pre-service teachers
were carried out to further understand how students interpreted and reasoned through the
items and to obtain in-depth feedback about the items. The main purpose of the
interviews was to understand how items worked. Semi-structured interviews were
performed with an interview protocol (See Appendix D).There were 27 participants
interviewed on their responses about 40-60 minutes time interval. There were 10 male,
17 female PMTs. Before starting interview, participants were given 10-15 minutes
occasion to review items and recall how they had reasoned their answers through the
given list of interview questions. After they went on items for a while, PMTs were asked
to think aloud on how and why they chose certain answers. The nature of the items and
how they functioned derived from the descriptive results were discussed in the context
of interviews. This analysis provided an opportunity to get in-depth information about
how items were interpreted by the test takers as well as the structure of items and
functionality of distracters. Transcripts were utilized to better understand the findings
from this initial administration. Those transcripts were divided into episodes item by
item. Those data on specific items were coded and categorized into two main themes

according to the rubric explained in Table 3.7 in Chapter 3. The rejected data related to
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each item of the instrument was also reviewed along with the reasoning for why these

data was not taken into account.

Results of this implementation provided an opportunity not only to obtain in-
depth feedback about the items, but also to understand how PMTs interpreted items and
reasoned through the distracters. These results were used to revise distracters as well as
stems of multiple-choice items. Some illustrations of items and content of some items
were revised based on the statements of PMTs’. Distracters those did not work properly
were either rewritten or replaced. How the analysis was conducted and the modifications

were made were described in detail in Chapter 3.

4.1.1 Analysis of Open Ended Responses

Based on the initial-phase detailed analyses described in the previous section, the
summary of content analyses of open-ended responses and related revisions of items was
summarized in the Table 4.1. As seen in the table, there were two main categories
related to responses: correct and incomplete/incorrect answers. For each item, the
numbers of correct and incorrect answers were presented. Moreover there were mean
scores of the open-ended responses were analized. Based on this table if there was
logically and mathematically correct explanation to any alternative previously
determined as incorrect answer, this observation forced to make necessary revisions
related to either stem or distracters. Other revisions were made based on interview

findings. These changes will be explained briefly in this section.

VP1 asked PMTs to diagnose the reason why student made mistake given in the
stem regarding the relationship between the cylinder radius and volume, and asked them
to suggest an activity to help such student overcome his difficulty (See Appendix A).
Responses on alternatives had clear diagnosis of student’s error given in the stem of the
item. But some of PMTs’ explanations about what can be done for this student in the
case of being the teacher of him/her were depending on the interaction of teacher and
student. For this case some of the explanations for other distracters were unavoidably

considered as true intervention. So, this observation signified the necessity of distracter
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revision. Based on both interview and content analysis of responses, researcher decided
to turn distracters of VP1 into complex structure of multiple-choice type (See Appendix
B).

Table 4.1 Summary of Content Analyses of Open-Ended Responses

Correct Incorrect
Item # Mean # Mean Change
VP1 22 114 22 1.04 The structure of item (changed to CMI*)
LS2 19 153 25 0.64 Phrases and visual (Revised)
AP3 34 126 10 0.70 No change
AP4 5 146 39 115 The structure of item (changed to CMI*)
AP5 32 069 12 050 Phrases and visual (Revised)
LS6 8 138 36 014 Phrases (Revised)
LAP7 27 152 17 110 Distracters (Revised/combined with LP28)
MS8 13 110 31 074 Distracters (Revised)
VS9 27 061 17 0.24 Phrase (Emphasized)
AP10 7 143 37 0.65 Phrases and Distracters (Revised)
LS11 28 129 16 0.93 Distracters and visual (Revised)
LS12 28 082 16 0.56 Distracters and visuals (Revised)
AS13 18 056 26 0.38 Phrase (Emphasized)
LAP14 10 15 34 038 Phrase (Revised)
AP15 38 147 6 0.00 Visual (Revised)
LS16 14 15 30 024 No change
AP17 0 000 44 0.74 No change
VS18 29 172 15 0.67 No change
AS19 23 100 21 0.29 Phrases and visual (Revised)
MS20 17 112 27 052 Phrases and Distracters (Revised)
AP21 7 129 37 0.62 The structure of item (changed to SMI**)
AP22 Eliminated
AS23 38 082 6 033 No change
VS24 15 093 29 0.10 Phrase (Revised)
LAS25 37 105 7 0.29 Visual (Revised)
AVP26 26 107 18 0.33 Distracters and visuals (Revised)
VS27 11 082 33 0.67 Distracters (Revised)
LP28 31 148 13 046 Distracters (Combined with LAP7)
LP29 20 135 14 0.58 Visual (Revised)

CMI": Complex multiple-choice item format, SMI”: Simple multiple-choice item format

LS2 asked PMTs to compare the lengths of two security tapes on identical
cylinders, one was vertically positioned, and the other was rolled around (See Appendix
A).The main comment written in the open ended-field was based on the claim that the
assumed n value should be given in the stem. According to them the result will be equal

when the value of © is assumed as 3 otherwise one is longer than other one. Hence the
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result of the comparison between these two lines depends on the value of 7. One PMT
who stated the necessity of information related to the value of radius (r) of ball during
the interviews explained the idea behind these comments. He claimed that without the r-
value, this comparison is impossible. Based on this observation distracters worked well
in terms of content, so there was no change made related to the content of distracters on
LS2. Interview findings related to LS2 were explained in detail in Chapter 11l where the
rubric for interview data was exemplified. To sum up, visual and wording of this item

was revised (See Appendix B).

AP3 asked PMTs to diagnose the reason why student made mistake given in the
stem, i.e. misconception of area, and asked them to determine the case, which might
mislead students to make wrong generalizations on the use of area formula (See
Appendix A). Item AP3 was one of the good working items and there was no change for

this item.

AP4 asked PMTs to diagnose the reason why student made the mistake in the
area comparison given in the stem and asked them to suggest an activity to help the
student given in the case to overcome his difficulty (See Appendix A). Based on the
open-ended responses and interview findings, the clear observation about this item was
that majority of responses could be attributed to clear diagnosis of the student’s
difficulty but they failed to provide completely true suggestion. Although most of the
participants were aware of the student’s difficulty in measuring the area with non-
uniform unit (rectangular unit), almost all of them suggested intervention of such a case
with the uniform unit (1 square unit). However, as indicated in item stem student in that
case had no difficulty with area measurement with uniform units. Not only open-ended
responses but also interview findings indicated that some of PMTs’ explanations about
what can be done for this student in the case of being the teacher of him/her were
depending on the interaction of teacher and student. For this case some of the
explanations for other distracters were unavoidably considered as true intervention.
Thus, this observation signified the necessity of distracter revision. So, based on this

observation, researcher decided to turn distracters of AP4 into complex structure of
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multiple-choice type. Moreover in order to simplify the item stem, visuals and wording

of the item were also revised (See Appendix B).

For the item AP5, there were 3 cases given to PMTs to decide whether they were
appropriate for the evaluation of area concepts of rectangular prism, square prism and
cube for grade 6 (See Appendix A). The first case was directly related to surface area
and exists in 6Mgrade elementary mathematics program. The second case was not
directly related to calculating surface area. The third one was directly related to the
surface area computation and generalizing the idea. However, the level of the item was
not appropriate for 6"grade level, instead it is given in the 8"grade mathematics
curriculum. As a matter of fact there is a warning in the elementary mathematics
curriculum for teachers not to introduce this concept at 6grade level. However, almost
all interviewees stated that they had no information about the warnings in the
curriculum, and stated that they did not notice warnings when they examined curriculum
in related courses. It was observed that PMTs had different approaches towards the
content of the item, and to determine correct answer. Based on these interview findings,
the content and statement of the Case Il was changed. The content of the statement
adapted to cube, which was more definite, and the phrase of “maximum” was
eliminated. To sum up, in order to standardize the visuals of item all visuals of
prerequisites of the item were eliminated, the statement of stem was changed to positive,
statement of Case | was changed, and finally the statement and content of Case Il was

changed for further administrations (See Appendix B).

For the item LS6, there were 4 cases given to PMTs to call into question of four
students’ statements given on length of major and minor arc, which is introduced in 7"
grade Turkish elementary mathematics curriculum (See Appendix A).Although length of
major and minor arc is introduced in 7" grade Turkish elementary mathematics
curriculum, almost all PMTs claimed that they had no idea about length of an arc on
circle. Thus, they had no detailed explanation for this item. However, in order to

simplify the stem there was small wording revisions for the second administration.

99



For the item LAP7, there were 3 cases given to PMTs to categorize approach (es)
of students on length measurement cases similar to the wrong conceptualization of area
measurement which was given in the stem of the item (See Appendix A). The first case
was constructed similar to the student’s approach given in the stem. In this example
student assumed that the same number of units refers the same measurement quantity. In
the second case, the student’s approach was again related to the number of units and
measurement quantity, but somehow, the underlying idea was quite different from the
approach in the stem and also Case I. In other words, student’s thinking on the same
number of units does not imply to the bigger number of units refers to bigger
measurement quantity as given in the Case Il. The third case was about the
measurement quantity and organization of units, which was quite different from all other
cases. Responses on these alternatives had clear diagnosis of student’s way of thinking
given in the stem of the item, especially the number of units and the measurement
quantity. But almost all responses stated that student in case | has also possibility to
make error given in Case Il. But the main point was that approaches of these two
students were quite different and only 4 of PMTs emphasized this difference. So, this
observation signified the necessity of distracter revision. As a result, in order to improve
alternatives from this perspective, it was decided to combine these two items (LAP7 and
LP28) since these two items focused on the similar measurement concepts (See
Appendix B).

For item MS8, PMTs asked to determine the specific measurement, which was
not directly related to any property of the bucket given in the stem (See Appendix A).
There were 5 measurement cases given to PMTs to consider, and they were asked to
specify the indirect measurement of any property of bucket. Item MS8 was one of
controversial items in the test. Findings of interview data revealed that some further
modifications needed for MS8 in addition to findings of open-ended responses.
Interviewees suggested that there was a need to clarify some details of distracters. To
begin with participants stated that the statement of Case | of MS8 was hard to
understand. The second suggestion was about an uncertainty about the coefficient of

elasticity for Case IV and properties of the coin in Case Il. As a result, in order to
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improve alternatives from this perspective, it was decided to revise and change
Statement of Case |, to insert elasticity coefficient in the statement of Case IV, and to

insert the numerical quantity in the statement of Case Il (See Appendix B).

For item VS9, PMTs asked to calculate the volume of the geometric object after
revolved around x- axis (See Appendix A). The common response on this item revealed
that almost all PMTs had difficulty on visualizing the geometric object after revolved
with respect to the x-axis on coordinate system, and accordingly had no idea how to
calculate the volume of the shape. On the other hand, any attempt to find the total
volume of truncated cone and volume of cylinder without a cone inside was enough to
reach a true result. The most striking observation related to this item was that there were
PMTs who tried to calculate the volume by sliding some parts of 2-dimensional shape to
make regular object. This approach completely ignored the conservation of volume and
signaled the existence of misconception on conservation. The other observation was that
there were two participants who confessed that they did not realize the information of
revolution for 180° with respect to x-axis. So it was necessary to underline this
information in the stem. As a result, in order to improve VS9,it was decided to underline

and to emphasize the information about the rotation angle of 180°.

For item AP10, PMTs were asked to determine the prerequisites for calculation
of the surface area of cone (See Appendix A). There were two interesting observations
related to this item. Firstly, based on explanations of PMTSs, it was observed that some of
PMTs were confused about the volume and surface area concepts. Secondly, some of
them failed to construct a net for cone and to formulize the surface area of cone. At this
point some PMTs who tried to construct the net of cone considered surface area of cone
as only sector of circle. Accordingly they thought that the concept of area of sector was
sufficient for surface area of cone. There were only 5 PMTs who have clear conception
of surface area of cone successfully and answered the item with clear reasoning. The
possibility of PMTs to confuse the surface area and volume was not considered at item

construction step. As a result for this item, content of distracters were revised and the
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distracter including I, IV was replaced one of existing ones -which confused surface area

and volume- (See Appendix B).

LS11 asked PMTs to calculate the length of the path of an ant walking outside
the cylinder (See Appendix A). The result can be calculated by Pythagoras formula
easily, which was exactly the length between two points on the rectangular net of
cylinder. The only comment on this item was on the weaknesses of visual of this item.
Based on comments about the visual of this item, it was necessary to insert the exact
location of ants and to make other information more definite for the further
administration. Another comment was about the participants’ difficulty in imagination
about how ant walked through outside the cylinder. Based on this comment, walking
route of the ant was given in the statement. Although majority of PMTs stated that they
were used to such items before, there existed two PMTs having difficulty to find a
strategy how to calculate the length. The common mistake done by majority of the
PMTs was considering the path of ant as a total diagonal of net instead of half. The other
interesting observation on this item was that there were some PMTs who attempted to
use merely the radius of cylinder instead of half of the circumference. Based on this
observation, one of the distracters was replaced with the result of the calculation with
merely quantities of radius for further administration. Moreover, in order to improve
alternatives from this perspective, it was decided to make visuals more clear. The routes

on the cylinders were drawn in the item stem (See Appendix B).

LS12 required PMTs to compare the length of the curves inside circles (See
Appendix A). This can be either calculated easily by assigning some values to radii or
by different estimation strategies. The illustration of this item was commented on by
most of the participants. Based on these comments the off-color points were revised, and
the figure became clearer for further administrations. The common mistake done by
majority PMTs was visual comparison of curves, which optical illusions of curves
misled them. Finally for this item, some of PMTs stated that they did not need to
calculate the third one given in the item. Since there was only one alternative which

states I=Il. This observation strongly signified to add new alternatives, which includes
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equality of other cases. Based on these observations, the visual of item was improved

and alternatives were revised for the further administrations (See Appendix B).

For the Item AS13, 5 different strategies were given to PMTs to find the area of
trapezoid and they were asked to decide on the generalizability of each strategy to all
types of trapezoids (See Appendix A).Interview findings of this item revealed that PMTs
have some defective approaches for generalizability of the given cases. The interesting
observation was that most of the answers failed to come up with the conclusion that the
strategy was true for the specific case but failed in generalizing for all trapezoids. This
observation signified the necessity to emphasize the generalizability term in the stem of
the item. The only suggestion for improvement of the AS13 was about the necessary
information about the structure of trapezoids. There were few PMTs pointed at the
necessity of statement on the characteristics of trapezoid, whether isosceles or not.
Although it was not necessarily needed but in order to be more clear the phrase of
isosceles trapezoid was added for further administrations. There was no other comment
done for the structure of this item. As a result in order to improve AS13, the phrase of
isosceles was inserted and the phrase of generalizability in the item stem was

emphasized (See Appendix B).

Item LAP14 asked PMTs to diagnose the reason why student made mistake in
the given case regarding the relationship between area and perimeter and asked them to
determine the counter examples that could be provided for this case (See Appendix
A).Responses on these alternatives had clear diagnosis of student’s error given in the

stem of the item. There was no suggestion, thus, there was no change for this item.

Item AP15 requested PMTs to diagnose the student error in the given case in
relation to the rectangular areas, and to estimate the answer of student if a similar case is
given (See Appendix A). Item AP15 was one of the easy items in the test. Almost all
PMTs answered this item easily. There was clear information for diagnosing the
problem stated in stem or complete explanation for the answer. The main observation
related to this item was that interviewees’ conception of easiness of this item comparing

to other items in the test. Almost all PMTs stated that Item AP15 was one of the easiest
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items in the test. Some of them attributed the easy structure of this item to the easy
realization of the reason why student made mistake in the given case and to the
computational structure of the item. According to them, they feel comfortable when they
make computations for the solutions. There were only two interviewees who failed to
diagnose the student’s thinking and failed to determine how he reached such a result. As
a result, there was no need to change, but in order to shorten one of the visuals was
deleted (See Appendix B).

Item LS16 asked PMTs to estimate the length of the line rolled around a
cylinder200 times (radius of cylinder was given). The result can be estimated with
different strategies (See Appendix A). The first one can be finding the maximum value
and minimum value then calculating the average value. The second one can be
performing calculations based on the average radius value. The main observation
interview finding on this item was that interviewees’ conception of difficulty level of
this item. Almost all interviewees stated that LS16 was one of the most difficult items in
the test. Except the statements on difficulty level of this item, there was no suggestion
related to this item. Participants had clear understanding on what was asked for this
item. Thus, there was no need to make any change related to content of either stem or
distracters of LS16.

Item AP17 asked PMTs to verify the proof of Pythagoras Theorem by using area
of different geometric shapes (See Appendix A).There were no suggestion or revision
related to this item. Thus, there was no need to make any change related to content of

either stem or distracters of AP17.

Item VS18 requested PMTs to determine the volume of an irregular object (See
Appendix A). There were no suggestion or revision related to this item. Thus, there was

no need to make any change related to content of either stem or distracters of VS18.

For item AS19, three pairs of area quantities given to compare in the item stem
and PMTs were asked to elaborate the use of standard units in area measurement (See
Appendix A).Majority of participants explained that they believed that all unit squares

had the same quantity and they all should be equal. This observation signified the

104



necessity of some phrases such as “units are at varying size and shape” in the item stem.
For this reason the statement of the item and the description of the case given in the item
stem was revised. Moreover in order to simplify the item, item phrase was revised and

visual was eliminated (See Appendix B).

The item MS20 requested PMTSs to determine the estimation made by a different
strategy and consisted of the concepts of area, weight and volume (See Appendix A).
There was no suggestion for this item. However, distracter phrases were revised and

clarified.

For the itemAP21, 4 cases were given to PMTs to decide whether they were
appropriate for the evaluation of area concepts for 6™grade level (See Appendix A). The
first case was directly related to conversion of area units. The second case was about
area measurement by using unit squares. The third one required calculating the area of
circle, which is introduced at 7"grade in elementary mathematics curriculum. Moreover
there is a warning for teachers not to introduce this concept at 6™grade level in the
curriculum. The last one was about the estimation of irregular area on map. There was
only one explanation suggesting reorganization of distracters of this item. The
explanation pointed out that there was only one alternative, which excluded case IlI.
Since the participant knew that area of circle is 7" grade concept in curriculum, she was
quite sure about her answer. This information signified the necessity to revise
distracters. However, considering findings the structure of this item was turned into
simple multiple-choice item, and prerequisites of the item were revised as distracters
(See Appendix B).

Item AP22 demanded PMTs to diagnose the reason why student made mistake in
the calculation of area as mentioned in the stem and asked them to suggest an activity to
help such student overcome this difficulty (See Appendix A). Responses on these
alternatives had clear diagnosis of student’s error given in the stem of the item. But
some of PMTs’ explanations about what can be done for this student in the case of being
the teacher of him/her were depending on the interaction of teacher and student. For this

case some of the explanations for other distracters were unavoidably considered as true
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intervention. Thus, this observation signified the necessity of both stem and distracter

revision. However this item was eliminated for the second administration.

The item AS23 asked PMTs to verify the area calculation strategy and check the
generalizability of this strategy (See Appendix A). According to results, item AS23 was
one of the easy items in the test. Almost all PMTs answered this item easily. Most of
participants explained how they think for this item clearly. They provided a clear
mathematical explanation for their reasoning. As a result, based on these observations

distracters worked well in terms of content, so nothing was changed related to AS23.

The item VS24 asked PMTs to calculate the number of balls that can be put
inside a given package (See Appendix A).In other words, they were asked to find the
volume of a given package in terms of ball, as a unit. Since it was an estimation
problem, it was given approximate values for the circumference of the balls instead of
just one value. The result of this item could be either calculated easily by using the
dimensions given in the stem, or by other estimation strategies. For the initial version of
VS24, approximate values of ball circumference made participants to feel uncomfortable
about the result. Thus one of the values was eliminated, since the result did not change
with the approximate values of circumference. The other observation related to this item
was that about one third of participants stated that they had difficulty to understand the
meaning of circumference of a ball. According to them circumference is directly related
to two-dimensional shapes and three-dimensional objects may not have circumference.
Based on this observation, for the further administration the “circumference of ball” was

defined as “the circumference of the largest circle in the ball” (See Appendix B).

The Item LAS25 asked PMTs to compare the total circumferences and total areas
of two circles and three circles, which were made up with the same length of rope (See
Appendix A). The aim of the item was only to compare total circumferences of first two
with the total circumferences of the next three. The expected answer was only the total
circumferences of first two is equal to total of three but the total area of the first two is
more than total area of next three, which is pretty obvious. But, some pre-service

mathematics teachers stated in the interview that they tried to compare areas and
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circumferences of these two and three circles based on visual of the LAS25. In other
words, they tried to make some estimation about overlapping areas, which made the item
much more complicated than the situation, which no researcher or experts had
considered before. This observation required revising the visual of item as separate sets
of circles (See Appendix B).

For the Item AVP26, there were 4 cases regarding deformation of the area of
circle based on the formula of area of parallelogram given to PMTs to diagnose
student’s difficulty and determine similar cases, which had possibility for students to
struggle in the same way (See Appendix A). The first case was direct deformation of
object and had no idea of convergence. The second case was about constructing a sphere
with cones of equal size, which had idea of convergence. The third one was again
focused on deformation of area. Final one was related to direct measurement and had no
idea of convergence. Responses on this item had clear diagnosis of student’s difficulty
on the idea of convergence. But almost all of them failed to catch the idea that the third
one was related to deformation of area instead of the idea of convergence. Another
observation on the test booklets was that many PMTs eliminated the distracters
including the Case IV. This might imply that they easily came up with the idea of direct
measurement given in Case IV. Based on this observation and also in order to shorten
the item, Case IV was eliminated for next administrations. Furthermore, in order to be

more definite visuals were inserted for each case (See Appendix B).

For the item VS27, there were 4 cases given to PMTs to diagnose student
difficulty on volume measurement (See Appendix A). This item was one of the
controversial items in the test. The interesting observation on this item was all PMTs
tried to diagnose the student’s mistake; however they failed to provide completely true
suggestion. There was only one response, which provided completely true explanation
for this case. He had clear diagnosis of student’s mistake on the volume measurement,
and he determined the reason why student was mistaken. The rest of responses were
either null or completely wrong comment, or lack of information for diagnosing the

stated problem. During the interviews PMTs stated different approaches why the case in

107



the item was wrong. Based on the interview findings major approaches were categorized

into five and were replaced with distracters of the item (See Appendix B).

For the item LP28, there were 4 cases given to PMTs to categorize students’ way
of thinking on length measurement (See Appendix A). Even though responses on these
alternatives included clear diagnosis of students’ thinking approach, there exist two
parallel items in the test. Thus Item LAP7 and Item LP28 were combined for the second

administration (See Appendix B).

For the item LP29, there were 4 cases given to PMTs to diagnose students’
mistake when calculating the perimeter of a trapezoid (See Appendix A). All complete
and mathematically true reasoning are clustered on the correct answer of multiple-
choice item (E). All responses pointed out the correct answer as (E) explained the reason
why student was mistaken while calculating the perimeter of the shape. But the rest of
responses with 1 point score which could be attributed to lack of information or
incomplete explanation for diagnosing students’ way of thinking. Most of them failed to
determine the reason why student made mistake. As a result, distracters worked well in
terms of content, so there was no change made related to the content of distracters on
Item LP29. In order to make the item more clear, the type of the papers used as
background in the distracters were inserted for the next administrations (See Appendix
B).

As a result, as seen in the Table 4.1, there were 5 items with no change, 11 items
had minor revisions either phrases or visuals of the item. Distracters of 7 items were
revised; in some cases they were re-written. The structure of 3 items, were changed; two
items were re-constructed in a complex multiple choice item format, and one item vice-

versa. Finally 1 item was decided to eliminate for further administrations.

4.2 Implementation of the Test and Results of Field Testing 11

The purpose of the second administration was to understand how items worked

from the perspective of both Item Response Theory and Classical Test Theory. So both
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Item analysis and Rasch analysis were conducted. In the first round of the field-testing,
there were 29 multiple-choice items. Based on findings of  Round 1, there were
remaining 26 items. It was decided to split retaining items into two parallel tests in order
to shorten the administration time. In the Round 1 it was observed that that the
administration time was long for one lesson hour. Thus, in the Round 2 there were two
tests having 16 items with 6 of them were in common (AP4, MS8, LAP1, MS20,
AVP26, and VS27). Both Test 1 and the Test 2 were covering the concepts based on

mathematics knowledge for teaching measurement.

For each item, item difficulty, and fit statistics were calculated with the help of
the Rasch Model. Moreover, the difficulty, discrimination index, correlation with the
total scores, and point biserial correlation values were determined from the Classical

Test Theory perspective.

4.2.1 Results of Rasch Analyses of Field Testing 11

The binomial Rasch model was used to a used to examine the extent to which the
test measured one attribute at a time on a hierarchical line of inquiry. Once the data set
had been created, the Rasch Analysis was conducted using BIGSTEPS computer
software (Wright & Linacre, 1991).

4.2.1.1 Unidimensionality of Test 1 and Test 2

Through use of fit statistics generated by Rasch analysis, unidimensionality of
Test 1 and Test 2 were assessed. Rasch Analysis provides two types of mean square fit
statistics: infit and outfit. Infit refers to fit statistic which is more sensitive to
unexpected patterns of observations by persons on items that are roughly estimated. On
the other hand, outfit refers to outlier-sensitive fit statistic and it is more sensitive to
unexpected observations by persons on items that are relatively very easy or very hard
for them (Linacre, 2007).Acceptable values for mean squares range from 0.7 to 1.3
(Linacre, 2007). Figure 4.1displays the item statistics of Test 1. All of the items had
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infit/outfit statistics within the acceptable range of 0.7 and 1.3, indicating that the test

measured a unidimensional construct

ITEMS STATISTICS: MISFIT ORDER
S M
ENTRY RAW INFIT OUTFIT PTBIS
NUMBR SCORE COUNT MEASURE ERROR|MNSQ ZSTD|MNSQ ZSTD|CORR.
___________________________________ P
9 135 473 -.06 .10)1.05 1.1|1.06 .9/a .01
12 67 470 .84 L13)1.06 LT7]1.05 .3|B-.02
15 209 430 -.96 .10|1.03 1.0]1.06 1.4|C .06
11 141 473 -.13 .10|1.05 1.1]1.06 .9/D .02
13 79 465 .63 L12)11.02 L2(1.04 .3|E .05
2 268 473 -1.32 .09)1.03 .8(1.03 .6|F .05
10 149 472 -.21 .10 .99 -.2|1.02 .3|G .09
16 149 373 -.56 .11 .98 -.4(1.00 .1|H .12
5 113 473 .19 .11)1.00 -.1 98 -.2|/h .09
8 18 473 2.25 .23 .99 .0 89 -.4|g .07
6 91 472 .47 .11 .99 -.1 98 -.2|f .09
7 203 473 -.73 .09 .98 -.7 96 -1.0|e .12
4 42 473 1.37 .16 .97 -.3 77 -=1.4|d .15
3 400 473 -2.82 .12 .96 -.5 .87 =1.1|c .12
14 59 455 .96 .14 .96 -.4| .81 -1.4|b .16
1 122 473 .08 .10 .95 -1.0| .94 -.8|a .17
___________________________________ P
MEAN 140 462. .00 .12)1.00 .1 97 -.1
S.D. 92 25. 1.14 .03 03 .6 09 .8
gy
Figure 4.1 Item Measure Information of Test 1
ITEMS FIT GRAPH: MISFIT ORDER
A o e e e e e e e e e . o . o o o
ENTRY | MEASURE INFIT MEAN-SQUARE OUTFIT MEAN-SQUARE
NUMBR| - + |0 0.7 1 1.3 2|0 0.7 1 1.3 2
————— temmmmm et e e ————————————
9 * A A S
12 * S B S
15 * HE : C S
11 * : L D : * 3
13 * : L E : * 3
2 * : L F : * 3
10 * L G S
16 * * : H S
5 * L h S :
8 * ¥ g I
6 * HENE % : f HE S H
7 * HENE : e LI H
4 * HENE : d LI H
3 * HENE : c LI H
14 * HE : b I :
1 |* HE : a . :
e e

Figure 4.2 Item Fit Information for Test 1
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. In addition, item difficulties ranged from -2.82 (AP15) to 2.25 (AP17). Figure

4.2 also provides a visual display of findings.

Similarly, Figure 4.3displayed the measure information about items in Test 2 and
Figure 4.4 displayed the item fit information about in Test 2 respectively. As seen in the
figures, similar to Test 1, all items in Test 2 were between the critical values of .7 and
1.3, thus there were no misfit items. Difficulties of items of Test 2 ranged from (-4.20
(AP13) to 1.06 (MS20).

ITEMS STATISTICS: MISFIT ORDER

e B B B +
ENTRY  RAW INFIT OUTFIT |PTBIS
NUMBR SCORE COUNT MEASURE ERROR|MNSQ ZSTD|MNSQ ZSTD|CORR.| ITEMS
——————————————————————————————————— T e
14 379 395 -1.20 25]1.13 .5| .93 -.2|a .03| LAS25
9 119 383 -.07 11]/1.05 1.0|1.05 .6|B-.07| AVP26
16 127 389 -.15 11]1.03 .7|1.01 .1|c-.05| ap4
3 80 398 51 12]1.03 .4|1.02 1|D-.04| AP13
11 150 395 -.38 10]1.02 .5|1.01 .2|E-.02| LAP7
7 95 395 28 11]1.01 .2| .98 -.2|F-.02]| aP21
10 50 396 06 15]1.00 .0| .90 -.6|G-.01]| vs27
8 172 396 -.63 10]1.00 .2| .97 -.5|H .00| Ms20
15 88 356 23 .12|1.00 -.1| .96 -.4|h .01| LS16
5 64 396 78 .13] .99 -.1| .94 -.4|g .02| LAP14
6 37 389 1.37 .16| .99 -.1| .83 -.9|f .05| Lsll
1 53 394 99 .14| .98 -.1| .91 -.6|e .03| vp1
4 67 301 37 .13] .98 -.2| .95 -.4|d .04| vs9
13 122 393 -.07 11] .98 -.4| .98 -.3|c .02| mMss
12 133 393 -.21 .10| .97 -.6| .94 -.9|b .04| LP29
2 99 363 12 .11| .97 -.6| .94 -.7|a .05| LS6
——————————————————————————————————— e
MEAN 115. 383 .00 13]1.01 .1| .96 -.3
S.D 78 24 1.21 04| .04 .4| .05 4
N i i il i  E A B i B L +

Figure 4.3 Item Measure Information of Test 2
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ITEMS FIT GRAPH:

0 0.7 1 1.3 2

# & % % % & * o
L T T T T T T

Figure 4.4 Item Fit Information for Test 2

4.2.1.2 Item Difficulty of Test 1 and Test 2

The initial step was to analyze the extent to which the results were consistent
with the researcher’s intentions, as emphasized by Wright and Stone (1979). In order to
ensure the accuracy of ranking in the Rasch analysis, observed and estimated item

difficulty statistics were correlated. The observed rankings were then compared to the

MISFIT ORDER

0.7 1 1.3

theorized rankings using Spearman’s Rank Order Correlation.

The first analysis using all items from the data of Round 2, the Spearman Rank
Correlations was r= .989 (for Test 1) and r= .982 (for Test 2). The correlation value
suggested that the ordering of the observed item mostly confirmed the theoretical
expectation. Items that were expected to be easily endorsed by respondents had item

locations indicative of an easy item endorse, while more difficult items yielded locations

indicative of a difficult item endorse.
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4.2.1.3 Item Person Map of Test 1 and Test 2

In order to determine the order of item difficulty in relation to the distribution of
person ability and to identify item gaps, the person-item map was visually inspected.
Figure 4.5 presents the distribution map of the items and persons. All items were evenly
distributed over -3 and +3 range. Since the items were not clustered at one point, the
chance factor of the answers and the possibility of the problem related to the key had
been eliminated. On the other hand, the distribution of person was between (-4, +1),
indicating that person measures varied between (-4, +1). Range of item difficulties and
person abilities indicated that the items locations were higher than the person locations.

That is, item difficulties are beyond the student abilities.

Among the items, AP17lined at the top, whereas AP15lined at the bottom. That
means, AP17 was the most difficult item and AP15 was the easiest item in the Test 1.
Except AP17 and AP4, the distribution of the item locations extended along the
continuum of person locations. This spread of item locations is desirable as it allows for
differentiation among participants through the use of item difficulties. As AP17 was

found to be too difficult, decision was to delete that item for further administration.
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MAF OF PERSOMS AND ITEMS
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Figure 4.5 The distribution map of items and persons of Test 1
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The mean of the test scores was 4.69 (SD=1.99) out of 16 and median was 5.0.
Low mean score indicated that test items were difficult for participants. As seen in

Figure 4.5, the scores were normally distributed (Skewness = .402, and Kurtosis =0.19).

Similar to Distribution map of Test 1, items of Test 2 evenly distributed over (-
3,+2) range as seen in the Figure 4.6 and items were not clustered at one point. On the
other hand, the distribution of person was between the range of (-4, +1). Overall the
results of the variable maps indicated that the items locations were higher than the
person locations. At this point, the range of person abilities was below the range of item
difficulties, which means that Test 2 was also difficult for the examinees. LS11 was at
the top, whereas LAS25 was at the bottom of the vertical line. LS11 was the most
difficult, and LAS25 was the easiest item in Test 2. The rest of the items evenly
distributed along the vertical line. Moreover, two pairs of items (LAP14 and VP1) and
(MS8 and AP4) in the Test 2 had same item measures.
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MAP OF PERS0ONS AND ITEMS
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The score distribution of participants on Test 2 was displayed in Figure 4.6. The
mean of the test scores was 4.31 (SD=1.72) out of 16 and median was 4.0. Low mean
score indicated that test items were difficult for participants. Similar to Test 1, low mean
score indicated that test items of Test 2 were difficult for participants. As seen in the
Figure 4.6 the scores were normally distributed (Skewness = .119, and Kurtosis = .109).

4.2.1.4 Reliability and Separation Indices of Test 1 and Test 2

Rasch analysis generates two reliability indices: one for item separation and one
for person separation. A value of 1 represents high separation, in which errors are low
and item difficulties and students’ measures are well separated along the scale (Wright
& Masters, 1981). Figure 4.7 provided item summary statistics. In Rasch analysis, the
extreme scores are excluded. Therefore, Rasch analysis was conducted with 473 non-

extreme persons.

SUMMARY OF 16 MEASURED ITEMS
e T +
| RAW MODEL INFIT OUTFIT
[ SCORE COUNT MEASURE  ERROR MNSQ ZSTD MNSQ  ZSTD |
S |
| MEAN 140.3 462.1 00 .12 1.00 1 97 |
| s.p. 92.3 25.4 1.14 .03 03 .6 09 .8
| Max. 400.0 473.0 2.25 .23 1.06 1.1 1.06 .4
| mMIN. 18.0 373.0 -2.82 .09 95  -1.0 77 -1.4
o |
| REAL RMSE .12 ADJ.SD 1.13 SEPARATION §.12 ITEM RELIABILITY .99
| MODEL RMSE .12 ADJ.SD 1.13 SEPARATION 9.17 ITEM RELIABILITY .99

| S.E. OF ITEM MEAN .29

e ———————————————————————————————————————————————— +

Figure 4.7Summary of Item Information of Test 1

Findings indicated that there was a good item separation as item reliability is
higher than .90. Moreover, items in the Test 1 were separated into almost nine difficulty
levels (with a Separation of 9.12).The mean and standard deviation of the Infit and
Outfit for items indicated that these values were very close to expected values. As seen
in Figure 4.7, mean square value of Infit is 1.00 while mean square value of Outfit is .97.

Overall, these measures indicated that the items in the Test 1 fit the model well.
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Moreover, Rasch Analysis conducted with 506 non-extreme persons for Test 2.

The following figure summarized the item separationindices.

SUMMARY OF 16 MEASURED ITEMS

o +
| RAW MODEL INFIT OUTFIT

| SCORE COUNT MEASURE  ERROR MNSQ  ZSTD MNSQ  ZSTD |
= |
| MEAN 136.3 482.6 00 11 1.00 -.1  1.01 -.1

| s.p 76.7 30.0 76 01 02 .5 .08 .9

| Max 392.0 501.0 .96 .13 1.04 .7 1.14 1.6

| MIN 60.0 380.0 -2.41 .09 96 -.9 .88 -1.5
e |
| REAL RMSE .11 ADJ.SD .75 SEPARATION 6.97 ITEM RELIABILITY .98
|MODEL RMSE .11 ADJ.SD .75 SEPARATION 7.01 ITEM RELIABILITY .98

| S.E. OF ITEM MEAN = .20
e +

UMEAN=.000 USCALE=1.000
Figure 4.8 Summary of Item and Person Information of Test 2

Figure 4.8 summarized item information of Test 2. As seen in the Figure 4.8,
similar to Test 1, there was good item separation (r=.98 > .90) in Test 2. Items in the
Test 2 were separated into almost six difficulty levels (with a Separation of 6.97).The
mean and standard deviation of the Infit and Outfit for items indicated that these values
were very close to expected values. As seen in Figure 4.8, mean square value of Infit is
1.00 while mean square value of Ouitfit is .88. Overall, these measures indicated that the
items in the Test 2 also fit the model well.

4.2.2 Results of Classical Test Theory Analyses - Test 1& Test 2

Item analyses serve to identify statistically effective test items. For each item, the
difficulty, discrimination index, and correlation values with the total score were

determined.

4.2.2.1 Item Statistics of Test 1

Although data were collected from 504 participants, two outlier participants were
eliminated. Thus, analysis was conducted based on test scores of 502 participants on

Test 1, which consisted 16 multiple-choice items.
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In order to control for guessing factor, participants were asked to answer how
much confident they are about their answers on a five point rating scale for each item
("1"=Very unconfident, "2"=Unconfident, "3"=Neutral, "4"=Confident, and "5"=Very
Confident) (See Appendix C). Majority of participants evaluate the correctness of their
answers above the neutral value (M= 3.64, Min = 2.56, Max = 4.10) for each item. Table
4.2 presents item difficulty indices, two types of item discrimination indices, and
percentage of examinees selecting each alternative. Each item was reviewed following
the item analysis. Table 4.2 summarizes the item statistics for determining the flawed
items and alternative statistics for diagnosing the examinee responses. Items flagged for
statistical reasons to identify possible problems were identified. The review process also
provided feedback that helped decrease the occurrence of poor quality items in further

administrations.
Item Difficulty

Considering item difficulty (p) values in ITEMAN results, indices of all of items
were quite low ranging from (p= .05) to (p=.76). Mean difficulty is .30, which can be
interpreted that Test 1 was hard for examinees. Besides, only three items of which
difficulty levels were considered as ideal, which is about or slightly above .5. These
items were: Items AP3 (p= .55), MS20 (p= .44), and LS12 (p= .51). Haladyna (2004)
points out that when the item difficulty was lower than .40, that item is considered as
hard. Based on this criterion, 12 items were considered as difficult items, ranging from
.05 to .36.

Item Discrimination Indices

Two indices were considered to assess item discrimination: D values and point
biserial correlation. D values of .40 and greater are deemed as very good items, while
below .19 are considered poor items (Ebel & Frisbie, 1986). According to Crocker and
Algina (1986), the minimum acceptable point biserial value for this sample of 502 is
0.09. All of the items were found to have point biserial indices above .09. On the other

hand, six items had an acceptable point biserial value (discrimination values between .09
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and .3) but low discrimination index D. These items (AP4, LAP14, AP17, VS27, VS18
and AP10) along with the items previously flagged for unsatisfactorily low p-values,
were reviewed individually to determine whether they should be kept, revised, or
eliminated for future administrations of the instrument. For this case point biserial
values, those were based on examinee responses, were preferred to be used for item

selection.

Table 4.2 Item Analysis Results from 502 Examinees on 16 Item Test 1 (T1)

Item Statistics Alternative Statistics (%)

Item p D r A B C D E Omit
LS2 025 040 052 0.25+ 0.18 0.18 035 003 001
AP3 055 0.38 0.40 0.27 0.03 0.02 055+ 013 0.00
AP15 0.76 041 055 0.02 0.02 0.06 0.04 0.76+ 0.10
AP4 010 0.16 041 0.13 030 0.10+ 0.02 045 0.00
AS19 023 032 045 0.15 0.49 0.03 0.09 0.23+ 0.01
LAP14 019 023 0.37 0.16 0.18 022 019+ 024 0.01
MS20 044 041 041 0.44+  0.09 0.09 017 020 0.01
AP17  0.05 0.07 0.34 0.28 0.08 037 0.05+ 020 0.01
AP5 028 031 0.34 0.28+  0.07 0.02 011 052 0.00
AVP26 027 035 048 033 027+ 0.22 010 0.06 0.02
MS8 033 0.32 0.37 0.04 0.39 017 033+ 006 0.00
VS27 012 011 0.24 0.40 029 012+ 0.08 010 0.01
VS18 015 024 048 0.22 0.10 036 015+ 015 0.02
AP10 014 022 0.39 0.47 014+ 0.3 021  0.04 0.00
LS12 051 039 0.38 0.18 0.14 004 0.09 051+ 0.04
VS24 036 041 046 0.14 0.14 020 036+ 005 0.11

+: The keyed response

Summary

The result of item analysis indicated that the alternative statistics of items
indicated that all distracters of all items were good functioning (See Table 4.2). Despite
their high difficulty, items LS2 (D= .40, r= .52), VS24 (D= .41, r= .46), were
functioning well in terms of their discrimination indices. On the other hand, AS19 (D=
.32, r= .45), AP5 (D= .31, r= .34), AVP26 (D= .35, r= .48), and MS8 (D= .32, r= .37),
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were considered as reasonable and needed minor revisions. There was only one item that
could be assumed as easy AP15 (p=.76), and discrimination index (D= .41) of this item

was good enough and all distracters of this item were functioning.

Based on this point biserial criteria for the discrimination there were 10 items
(LS2, AP3, AP15, AS19, AS20, AP5, AVP26, LS12, and VVS24) that were higher than
both discrimination values. Such items would be in the test without any improvement.
Again based on the Ebel’s criteria items AP3, AS19, AP5, AVP26, MS8, and LS12 were

reasonably good functioning but possibly needed minor revision to become well.

Finally, there were too difficult items in the test to be considered critically; AP4
(p= .10), LAP14 (p= .19), AP17 (p= .05), VS27 (p= .12), VS18 (p= .15), and AP10
(p= .14). At this point, items AP4, AP10 were decided to retain in the test since these
items were targeting pedagogical content knowledge. Items AP17 and VVS27 were poor
items in terms of item discrimination. These were the most difficult items in the test, as
expected and they had low discrimination indices. However, VS27 covered fundamental
idea volume measurement. For this reason, this item was decided to retain in the test.

But AP17 and LAP14 were decided to eliminate for further implementations.

To sum up, based on the item analysis results, there were five (LS2, AP3, AP15,
LS12, VS24) items that could be retained in test as they were 4 items (AS19, AP5,
AVP26, MS8) needed minor revisions, and one item (AP10) should be revised
marginally, and three items (LAP14, MS20, and AP17) were eliminated for the Test 1.
One of them AP17 (p= .05, D=.07) was eliminated considering item difficulty and other
discrimination indices. Despite their acceptable values items, LAP14 and MS20 were
also eliminated in order to decrease the number of items without disturbing the
distribution of the content. Since there were other good-functioning items parallel to
items; LAP14 and MS20.
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4.2.2.2 Item Statistics of Test 2

Similar to Test 1, each item in Test 2 was reviewed following the item analysis.
Table 4.3 summarizes the item statistics for determining the flawed items and alternative
statistics for diagnosing the examinee responses. Item analysis was conducted based on
506 participants for Test 2 containing 16 multiple-choice items. Descriptive analysis
indicated that majority of participants were confident about correctness of their answers
(M= 3.50, Min=2.45, Max=4.01) Similar to Test 1, low mean score indicated that test

items of Test 2 were difficult for participants.

Table 4.3 summarized item difficulty indices, two types of item discrimination
indices, and percentage of examinees selecting each alternative. Each item was reviewed

following the item analysis.

Item Discrimination Indices

According to Crocker and Algina (1986), the minimum acceptable point biserial
value for this sample of 506 is 0.088. All of the items were found to have point biserial
indices above .088. Therefore, items with point biserial coefficients greater than .088
may be retained if other predetermined item criteria are satisfactorily met. Although all
items were found to have point biserial indices above .088, four items had discrimination
values between .088 and .3.These items (VP1, AS13, LS11, and VS27) were reviewed
individually to determine whether they should be kept, revised, or eliminated for future
administrations of the instrument. On the other hand, there were five items (LS6, AP21,
MS8, LAS25, and LS16), which has an acceptable point biserial value but low
discrimination index D. For this case point biserial values were preferred to use for item
selection. So, items AP21, MS8, LAS25, and LS16were decided to retain in the test.
But, the item LS6 was directly related to the specialized content knowledge and the
number of items related to this knowledge domain was quite enough. Thus, LS6 was
eliminated for the next administration. Similarly, items VS9, LAP14, and LS11 were
eliminated just because of low discrimination indices. As stated before MS20 was one of

the common items in both Test 1 and Test 2. As mentioned in item analysis results of
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Test 1, this item was directly related to specialized content knowledge. Although, the
item had acceptable difficulty and discrimination index, this item previously decided to
eliminate for the next administrations. Since there was other better functioning item
parallel to MS20.Considering Ebel’s criteria, items LAP7, LP29, and AP4 were
reasonably good functioning but possibly needed minor revision to become well.

Table 4.3 Item Analysis Results from 506 Examinees on 16 Item Test 2 (T2)

Item Statistics Alternative Statistics (%)
Item P D r A B C D E Omit
VP1 015 0.14 0.25 030 032 008 013 015+ 0.01
LS6 024 0.27 045 030 021 013 0.04 0.24+ 0.09
AS13 019 014 0.26 042 0.02 015 019+ 021 0.01
VS9 017 0.18 0.38 020 017+ 012 018 0.09 0.25
LAP14 015 019 041 016 025 019 015+ 025 001
LS11 012 011 0.26 035 006 029 012+ 015 0.03

AP21 0.23 016 0.30 0.08 0.44 0.23+ 0.03 0.20 0.02
MS20 040 036 043 0.40+ 0.09 0.07 0.17 0.27 0.01
AVP26 028 0.18 0.32 025 0.28+ 0.27 0.09 0.08 0.04

VS27 0.16 011 0.20 0.39 0.25 0.6+ 0.08 0.11 0.01
LAP7 035 031 041 0.35+ 0.15 0.25 0.18 0.06 0.02
LP29 032 033 045 0.14 0.11 0.27 0.16 032+ 0.02
MS8 029 022 0.33 0.06 0.40 0.14 0.29+ 0.09 0.01
LAS25 0.77 027 044 0.08 0.03 0.04 0.77+ 0.07 0.02
LS16 022 024 0.37 0.15 014 022+ 031 0.07 0.11
AP4 029 030 040 0.13 0.30 0.29+ 0.05 0.21 0.03

+: The keyed response

Item Difficulty

Considering item difficulty (p) values in ITEMAN results, indices of all of items
were quite low ranging from (p= .12) to (p=.77) ; Mean Difficulty=.27, which can be
interpreted as Test 2 was hard for examinees. Haladyna (2004) points out that when the
item difficulty was lower than .40, that item is considered as hard. There was only one
item that could be assumed as easy LAS25 (p= .77), discrimination index (D= .27, r=
44) and all distracters of this item were functioning. The remaining 14 items were

considered as difficult items, ranges between .12 and .35. Despite their high difficulty,
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LAP7 (D= .31, r= .41), LP29 (D= .33, r= .45), and AP4 (D= .30, r= .40) were
considered as reasonable and needed minor revisions. On the other hand, LS16 (D= .24,
r=.37), MS8 (D= .22, r= .33), AVP26 (D= .18, r= .32), and AP21 (D= .16, r= .30)

were needed to revise marginally in terms of item discriminations.

Finally, there were too difficult items in the test to be considered critically. Items
VP1 (p=.15), AS13 (p=.19), VS9 (p= .17), LAP14 (p= .15), LS11 (p=.12), and VS27
(p= .16) were difficult items. These difficult items should be revised dramatically if they

would retain for further test implementation.

To sum up, based on the item analysis results, there were 3 items (LAP7, LP29,
AP4) that could be retained in test as they were. On the other hand, 3 items (MS8,
LAS25, LS16) needed minor revisions, and 5 items (VP1, AS13, AP21, AVP26, VS27)
should be revised marginally, and 5 items (LS6, VS9, LAP14, LS11, MS20) should be

eliminated for the next administrations.

Summary of Item Analyses

After considering the item analysis results of both Testl and Test 2, 13 items
from Test 1 (LS2, AP3, AP15, AP4, AS19, AP5, AVP26, MS8, VS27, VS18, AP10,
LS12, VS24) and 11 items from Test 2 (VP1, AS13, AP21, AVP26, VS27, LAP7, LP29,
MS8, LAS25, LS16, AP4) were retained for further administrations. There were totally

20 items, since there were 4 common in retaining items.

4.3 Results of Field Testing 111

According to item analysis of second round, 20 items were selected for third
administration. For the third round of the field-testing, relatively good functioning 20
items were used for data collection. The purpose of the third administration was to
understand how selected items worked together. Similar to second administration both
Rasch analysis and Item analysis were conducted. Results of these analyses were used to

make final revisions for the final administration.
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4.3.1 Results of Rasch Analyses

4.3.1.1 Unidimensionality of Test 3

Through use of fit statistics generated by Rasch analysis, unidimensionality of
Test 3 was assessed. The following Figure 4.9 summarizes the unidimensionality check
for Test 3. Except one item (AP15) all of the items had infit/outfit statistics within the
acceptable range of 0.7 and 1.3, indicating that the test measured a unidimensional
construct. In addition, item difficulties ranged from -2.16 (AP15) to 1.69 (VS18).

Figure 4.10 also provides a visual display of findings.

ITEMS STATISTICS: MISFIT ORDER

P +
|ENTRY  RAW | INFIT | OUTFIT |PTBIS]| |
|NUMBR SCORE COUNT MEASURE ERROR|MNSQ ZSTD|MNSQ ZSTD|CORR.| ITEMS |
|- o ————— e ———— F——— e

| 8 31 97 03 22]1.09 1.0[1.20 1.4|A-.01] AVP26 |
| 4 23 96 .44 .24[1.13  1.0]1.19 1.0|B-.08| AP4 |
| 14 31 95 -.16 21[1.08 1.0]1.09 .g|C .00| LAPT |
| 11 25 96 .33 .23|1.09 .7|1.03 .2|D-.01] vs2a |
| 19 34 80 -.38 .23]1.06 .7|1.08 .7|E .05| LF29 |
| 2 73 97 -1.96 .24|1.02 .2|1.07 .4|F .07| AP3 |
| 7 42 97 -.49 .21]1.05 .7|1.04 .4|G .05| Mss |
| 16 15 95 .97 .28]1.00 .0]1.02 .1|H .09| vs27 |
| 9 41 96 ~.45 .21]1.00 .0]1.02 .2|T .14| VP1 |
| 17 22 94 .48 .24]1.02 .1| .94  -.3|J .11] LS16 |
| 1 42 97 -.49 .21]1.01 .2|1.01 .1|3 .12] Ls2 |
| 6 27 97 .23 .23| .99 .0| .92 —.5|i .13| AP5 |
| 13 13 95 1.16 .29| .95  —.2| .99 .0|h .14]| AP13 |
| 20 3 59 1.69 .42]| .98 .0| .76 -.6|g .14] vsis |
| 1z 19 96 .70 .25| .98 -.1| .88 -.6|f .16| AP21 |
| 10 44 96 -.59 .21| .96 -.5| .96 -.5|e .18| LS1z |
| 18 10 88 1.40 .33 .92 -.3| .80 -.6|d .22| AP10 |
| 15 59 94 -1.33 .21| .90 -1.3| .90 -.9|c .29| LAS25 |
| 5 21 97 .58 .24| .89 —.8| .75 -1.3|b .29| AS19 |
| 3 75 95 -2.16 25| .84 -1.1| .67 -1.8|a .38| AP15 |
|- o ————— e ———— F——— e |
| MEAN 33 93 .00 .25]1.00 1] .97  —.1] | |
| 5.0 19 9 1.00 L05]| .07 7] .14 8| | |
P +

Figure 4.9 Item Measure Information of Test 3
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ITEMS FIT GRAPH: MISFIT ORDER

e +
|ENTRY| MEASURE | INFIT MEAN-SQUARE | OUTFIT MEAN-SQUARE |

|NUMBR| - + |o 0.7 1 1.3 2|0 0.7 1 1.3 2| ITEMS |
[ -———- fm———————— e e e fm——————— |
| 4| * | . |& : . ks | nP4 |
| 8] | * |B ;oL | avP26 |
| 14| * [ * |c :  * | TAP7 |
| 11] o * |D ;o | vs2a |
| 19| * [ * |E :o* | P19 |
| 2| | : B - | ap3 |
Rl | . Ic - B
| e o+ . E - | ve1 |
| 17] L * |1 Pk, | Lsi6 |
| 18] | * |7 ;o o* | vs27 |
|1 o+ . E - | Lsz |
| 12 L * |i T ok, | ap21 |
| 6| * [ *, |h g *, | BP5 |
| 20 ‘| . o | vsis |
| 13 * | *, | £ : ok, | aP13 |
| 18| * | *, | : ok, | ap10 |
| 10| * | : ok, |d : ok, | ms12 |
| 5] * [ ik, | TH | ©aszs |
| 5| | t |b * | As19 |
| 3| * | r* |a * g | aP1s |
St +

Figure 4.10Item Fit Information for Test 3

4.3.1.2 Item Difficulty of Test 3

The following figure provides the variable maps for the Round Three results.
Figure 4.11 presents the distribution map of the items and persons, which gave idea
about whether the calibration process provided useful information. As seen in Figure
4.3, all items were evenly distributed over (-3, +3 range. On the other hand, the
distribution of person was between (-4, +1). Overall the results of the variable maps
indicated that the items locations were higher than the person locations, which means
that Test 3 was also difficult for the examinees. This observation also confirmed the

previous item analysis results from the Round 2.

VS18 in the Test 3 was at the top, whereas AP15 was at the bottom of the
vertical line. VS18 was the most difficult item in Test 3 and AP15 was the easiest item
in the Test 3. The rest of the items evenly distributed along the vertical line. The
distribution of the item locations generally extended along the continuum of person
locations. This spread of item locations is desirable as it allows for differentiation among

participants through the use of item difficulties.
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Figure 4.11The distribution map of items and persons of Test 3
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The mean of the test scores was 7.32 (SD = 2.36) out of 20 and median was 7.0.
Low mean score indicated that test items were difficult for participants. As seen in

Figure 4.3, the scores were (Skewness =.167, and Kurtosis = -.551)normally distributed.

4.3.1.3 Reliability and Separation Indices of Test 3

After eliminating the extreme scores (zero and perfect scores), So, Rasch
Analysis conducted with 98 non-extreme persons. The following figure summarized the

item separation indices.

SUMMARY OF 20 MEASURED ITEMS
o +
| RAW MODEL INFIT OUTFIT |
| SCORE COUNT MEASURE  ERROR MNSQ ZSTD MNSQ  ZSTD |
l---— |
| MEAN 32.8 52.3 00 25 1.00 1 .97 -1 |
| s.o. 18.8 5.0 1.00 05 07 .7 14 8 |
| MaAx 75.0 55.0 1.69 .42 1.13 1.0 1.20 1.4 |
| MIN 6.0 34.0 -2.16 .21 g4 1.3 .67  -1.8 |
e |
| REAL RMSE .25 ADJ.SD .97 SEPARATION 3.80 ITEM RELIABILITY .94 |
| MODEL RMSE .25 ADJ.SD .97 SEPARATION 3.85 ITEM RELIABILITY .94 |
| s.E. OF ITEM MEAN .23 |
o +

Figure 4.12 Summary of Item and Person Information of Test 3

Findings indicated that there was a good item separation as item reliability is
higher than .90. Moreover, items in the Test 1 were separated into almost three difficulty
levels (with a Separation of 3.80). The mean and standard deviation of the Infit and
Outfit for items indicated that these values were very close to expected values. As seen
in Figure 4.4, mean square value of Infit is 1.00 while mean square value of Outfit is .97.

Overall, these measures indicated that the items in the Test 3 fit the model well.

4.3.2 Results of Classical Test Theory Analyses- Item Analysis of Test 3

Similar to previous round, at this step participants were quite confident about
their responses. The mean of their self-evaluation of correctness of was answers above
the neutral value (M= 3.45, Min=2.26, Max=4.32).
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4.3.2.1 Item Analysis of Test 3

Item analysis was conducted based on test scores of 99 participants on Test 3,
which consisted 20 multiple-choice items. There were three type of information
summarized; item difficulty indices, item discrimination indices, and percentage of

examinees selecting each response in the Table 4.4.
Item Discrimination Indices

Based on the Ebel’s criteria discrimination indices of LS2, AP15, VP1, LAP7,
LAS25, and LS16 could be assumed “very good” items in terms of item discrimination
because their discrimination indices (D values) were higher than .40. Items AP3, AS19,
AP5, MS8, AVP26, LS12, VS24, AP21, VS27, and LP29 could be assumed good in
terms of items discrimination, since their discrimination indices were about .30. Items
AP4, AS13, and AP10 were marginal items to discriminate the participants of this
sample. The last one item VS18 was very poor items in terms of item discrimination.
This item was the most difficult item in the test, as expected it had low discrimination

indices.

On the other hand, the minimum acceptable point biserial value (Crocker &
Algina, 1986) for this sample of 99 is .202. Therefore, items with point biserial
coefficients greater than .202 may be retained if other predetermined item criteria are
satisfactorily met. Only one item (VS18) was out of values between .202 and .30.Based
on this point biserial criteria for the discrimination there were 16 items except items
(AP4, AS13, AP10 and VS18) were higher than both discrimination values. Such items
would be in the test without any improvement. There three items (AP4, AS13, and
AP10) which had an acceptable point biserial value but low discrimination index D. For
this case point biserial values were preferred for item analysis. Thus, items AP4, AS13,

and LP29 were decided to be functional enough to retain in the test.

According to the results of distractor statistics (See Table 4.4),item analysis
indicated that all distracters of all items were good functioning (See Table 4.4).
However, one of distracters of items AP4, AS19, VS24, AP21, AS13, LAP7, LS16, and
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AP10 functioned more than others. This observation suggested that the reasons why

these distracters functioned this much should be investigated in detail.

Table 4.4 Item Analysis Results from 99 Examinees on 20 Item Test 3 (T3)

Item Statistics Alternative Statistics (%)
Item p D r A B C D E Omit

LS2 42 43 51 42+ 19 12 18 .06 .04
AP3 73 31 28 22 .01 .00 .73+ .02 .02
AP15 73 52 .46 00 .00 .05 .06 73+ .16
AP4 20 23 .23 38 .03 .20+ .09 22 .09
AS19 28 34 .38 .08 .28+ .50 .03 .07 .05
AP5 32 29 25 32+ .01 .07 .28 30 .03
MS8 48 34 37 06 .24 18 .48+ .01 .04
AVP26 25 29 .25 28 .36 .04 .25+ .05 .03
VP1 37 56 48 09 .13 .05 34 37+ .03
Ls12 55 29 .23 .08 .15 .06 A1 55+ .05
vSs24 22 30 .32 16 11 22+ .25 .10 17
AP21 A7 30 .26 A5 46 A7+ .02 18 .03
AS13 21 23 24 52 .04 21+ 14 .06 .03
LAP7 46 42 52 46+ .03 .04 41 .03 .04
LAS25 .75 .45 43 A1 .02 .02 .75+ .05 .05
VS27 A5 37 42 A8 .18 24 15+ A9 .07
LS16 .20 47 41 A1 .16 .20+ .31 .07 .16
AP10 A4 25 43 44 14+ 17 .16 .04 .06
LP29 43 32 .27 26 .02 .10 15 43+ .05
VS18 A1 15 15 A9 12 .38 A1+ A3 .08

+: The keyed response

Item Difficulty

Considering item difficulty (p) values in ITEMAN results, indices of all of items
were normally distributed ranging from (p= .11) to (p=. 73). Although there was a
normal distribution (Skewness = .784, and Kurtosis = -.486) among difficulty levels,

then the mean difficulty of test was .36. This can be interpreted that Test 3 was hard for
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examinees. There were only 4 items of which difficulty levels were considered as ideal,
which is about or slightly above .5. Items LS2 (p= .42), MS8 (p= .48), LS12 (p= .55),
LAP7 (p= .46), LP29 (p= .43) were assumed as not hard compared to rest of the test.
Based on their D and r values, which were above the critical value, these items were
relatively well constructed compared to other items. There were only three items that
could be assumed as easy AP3 (p= .73, D= .31), AP15 (p= .73, D=.52) and LAS25 (p=
.75, D= .45). These items were good enough and all distracters of this item were good

functioning.

Based on the criterion of Haladyna (2004), the rest 12 items were considered as
difficult items, ranges between .11 and .37. Despite their high difficulty, items VP1 (D=
56, r= .48) and LS16 (D= .47, r= .41) were functioning well in terms of their
discrimination indices. On the other hand, AS19 (D= .34, r=.38), AP5 (D= .29, r=.25),
AVP26 (D= .29, r=.25), VS24 (D= .30, r=.32), AP21 (D= .30, r=.26), and VS27 (D=
.37, r=.42) were considered as reasonable. Finally, there were too difficult items in the
test to be considered critically. Items AP4 (p=.20), AS13 (p= .21), AP10 (p= .14), and
VS18 (p= .11) were difficult items. One of them VS18 (p= .11, D= .15) should be
eliminated considering item difficulty and other discrimination indices. The rest of these
3 difficult items should be revised dramatically if they would retain for further test

implementations.
Summary

For the final administration of the test, the researcher and two experts decided
that 15 items were enough to cover the intended knowledge domain, which was
mathematical knowledge for teaching measurement concepts, specifically, length, area
and volume. For this purpose, the difficult items (VS24 and VS18) and low
discriminating item LAP7 were eliminated. Despite acceptable statistics, the
itemLS12was also eliminated for the final administration. This item was directly related
to specialized content knowledge of length measurement. Since the test was designed for
the purpose to assess pre-service mathematics teachers’ measurement knowledge for

teaching, it was decided to try items related to teaching contexts one more time.
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4.4 Results of Field Testing 1V

According to item analysis statistics of third round 15 items were selected for
fourth and the last administration. Analyses were conducted based on test scores of 168
participants on Test 4, which consisted 15 multiple-choice items. Similar to previous
administrations both Rasch analysis and Item analysis were conducted.

4.4.1 Results of Rasch Analysis

4.4.1.1 Unidimensionality of Test 4

The following Figure 4.13summarized the item measures of Test 4, as seen in the

figure all items were in the intended [.7-1.3] infit and outfit range.

ITEMS STATISTICS: MEASURE ORDER

o ————— e ———— +
| ENTRY RAW | INFIT | OUTFIT |SCORE| |
| NUMBER SCORE COUNT MEASURE ERROR|MNSQ ZSTD|MNSQ &STD|CORR.| ITEMS |
[ ————  — t—————— Fm——————— +————= +—————— |
| 5 10 167 2.39 31|1.00 0]1.26 6| 15| AS19 [
| 13 24 165 1.43 21[1.04 .2[1.10 4] 19| AF10 |
| 7 38 165 86 18|1.11  1.0|1.19 1] 17| AvVP26 |
| 11 40 162 77 18] .97 -.3| .95 3| 32| vsz7 |
| 12 38 138 62 19]1.01 »1]1.01 1] 28| Ls16 |
| 6 53 167 39 16] .98 -.3|1.01 1] 34| RAs13 |
| 8 53 162 36 17| .88 -1.7| .80 -1.8]| 45| AP21 |
| 14 66 163 -.03 16|1.04 .7]|1.04 5| 30| LP29 |
| 4 69 165 -.05 16| .99 -.3] .96 -.5]| 36| AP4 |
| 1 69 166 —-.06 16| .87 -2.3| .83 -2.1]| 48| Ls2 |
| 9 70 167 -.07 16]1.09 1.5]|1.11 1.2] 26| VP1 |
| 15 88 166 -.55 16| .96 -.7] .97 -.4] 40| Ms8 |
| 3 102 167 -.91 16]1.08 1.2]|1.16 1.8] 28| AP4 |
| 10 145 166 -2.49 23| .99 0] .82  -.8| 39| LAS25 |
| 2 126 140  -2.67 28| .95 -.3| .97 1] 39| AF15 |
|- f—————— e ——— 4+ e |
| MEAN 66 162 .00 19]1.00 -.1]1.01 0] | |
| 8.D 36 9 1.27 05| .06 1.0| .13 1.0 | |
+——————————————— +

Figure 4.13 Item Fit Information for Test 4
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4.4.1.2 Item Person Map of Test 4

The following figure provided the variable maps for the Test 4 results. As seen in
the Figure 4.13, all items were evenly distributed over (-3, +3 range. On the other hand,
the distribution of person was between (-4, +2).Overall the results of the variable maps
indicated that similar to previous administrations, the items locations were higher than

the person locations. That is, item difficulties are beyond the participants’ abilities.

As seen in the Figure 4.14, AS19 was the most difficult item in Test 4 and AP15

was the easiest item in the Test 4.
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Figure 4.14 The distribution map of items and persons of Test 4
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The total test score distribution of participants on Test 4 was displayed in Figure
4.14. Also as seen in the figure the scores were normally distributed (Skewness = -.132,
and Kurtosis = -.405). The mean of the test was 5.90 (Std. Deviation=2.215) and median

was 6.0.

4.4.1.3 Reliability and Separation Indices of Test 4

After excluding the extreme scores the Rasch analysis was conducted with 167

non-extreme persons. Figure 4.15 summarized the item separation indices.

SUMMARY OF 15 MEASURED ITEMS
e e e +
| RAW MODEL INFIT OUTFIT
SCORE COUNT MEASURE  ERROR MNSQ  Z5TD MNSQ  ESTD
MERN 6.1 161.7 00 .19 1.00 .1 1.01 .0
5.D. 35.7 9.1 1.27 .05 06 1.0 .13 1.0
MRX. 145.0 167.0 2.39 .31 1.11 1.5 1.26 1.8
MIN. 10.0 138.0 -2.67 18 87  -2.3 go0 -2.1
REAL HMSE .20 ADJ.SD 1.26 SEPARATION 6.36 ITEM RELIABILITY .98
MODEL RMSE .20 ADJ.SD 1.26 SEPARRATION 6.42 ITEM RELIABILITY .98
S.E. OF ITEM MEARN = .34
T +

UMEAN=.000 USCALE=1.000
Figure 4.15 Summary of Item and Person Information of Test 4

Parallel to previous findings there was good item separation as item reliability is
higher than .90. Moreover, summary in Figure 4.15 gave information about the
separation values of items. Items in the Test 1 were separated into almost six difficulty
levels (with a separation of 6.36). These measures indicated that the items in the Test 4

fit the model well.

4.4.2 Results of Classical Test Theory Analyses- Item Analysis of Test 4

Item analysis was conducted based on test scores of 168 participants on Test 4,
which consisted 15 multiple-choice items. There were presented item difficulty indices,
two types of item discrimination indices, and percentage of examinees selecting each

response in the Table 4.5.
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Table 4.5 Item Analysis Results from 168 Examinees on 15 Item Test 4 (T4)

Item Statistics

Alternative Statistics (%)

Item p D r A B C D E Omit
LS2 42 57 .50 42+ 22 11 14 .08 .02
AP15 84 45 55 00 .00 .01 .02 84+ 14
AP4 62 35 .28 06 .06 .62+ .14 12 .01
AP5 42 48 45 42+ .00 .02 .03 .50 .02
AS19 28 45 44 06 .28+ .66 .00 .00 .01
AS13 33 30 .29 48 .02 .33+ .14 .02 .01
AVP26 20 .21 .19 18 53 .02 .20+ .04 .02
AP21 35 51 47 23 .01 .35+ .26 12 .03
VP1 42 26 .28 09 .06 .28 .42+ 14 .01
LAS25 96 .13 43 01 .00 .01 .96+ .01 .02
VvS27 26 .28 .32 A5 .17 35 .26+ .03 .04
Ls16 .23 .30 .31 14 12 23+ .23 .06 21
AP10 14 16 .21 39 14+ 22 19 .03 .02
LP29 42 20 .24 12 01 .18 24 42+ .03
MS8 56 43 35 06 12 21 .56+ .04 .01

+: The keyed response

Item Discrimination Indices

Based on the Ebel’s criteria discrimination indices of LS2, AP15, AP5, AS19,
AP21, and MS8 could be assumed “very good” items in terms of item discrimination
because their discrimination indices (D values) were higher than .40. Items AP4, AS13,
and LS16 could be assumed good in terms of items discrimination, since their
discrimination indices were either equal or higher than .30. On the other hand, items

VP1 and VS27 could be considered as good, since their discrimination indices were

about .30.

Iltems AVP26, LAS25, AP10 and LP29 were marginal items to discriminate the
participants of this sample. Items LAS25 and AP10 were very poor in terms of item

discrimination. The item LAS25 was the easiest and the items AP10 was the most

difficult item in the test, as expected they had low discrimination indices.
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The minimum acceptable point biserial value for this sample of 168 is .154
(Crocker & Algina, 1986). Therefore, items with point biserial coefficients greater than
.154 may be retained if other predetermined item criteria are satisfactorily met. All items
were found to have point biserial indices above .154, five items (AP4, AS13, AVP26,
AP10, LP29) had correlational indices between .154 and .30. These items (AVP26 and

AP10) along with the items would be flagged for unsatisfactorily low p-values.

Based on this point biserial criteria for the discrimination there were 11 items
except items (AVP26, LAS25, AP10 and LP29) were higher than both discrimination
values. Such items would be in the test without any improvement. Those four items had
acceptable point biserial indices but low discrimination indices D.

According to the results of alternatives statistics (See Table 4.5),item analysis
indicated that the alternative statistics of items indicated that all distracters of all items
were good functioning (See Table 4.5). However, one of distracters of items AP5, AS19,
VS27, LS16, and AP10 functioned more than others. This observation suggested that the

reasons why these distracters functioned this much should be considered critically.
Item Difficulty

Considering item difficulty (p) values in ITEMAN results, indices of all of items
were normally distributed ranging from (p= .14) to (p=. 96). Although there was a
normal distribution (Skewness = 1.15, and Kurtosis = .926) among difficulty levels, then
the mean difficulty of test was .43. This can be interpreted that Test 4 was not very hard
for examinees. Besides, there were only 4 items of which difficulty levels were
considered as good, which is about .5. Items LS2 (p= .42), AP4 (p= .62), AP5 (p= .42),
VP1 (p= .42), MS8 (p= .56) were assumed as not hard compared to rest of the test.
Based on their D and r values, which were above the critical value, these items were
relatively well constructed compared to other items. There were only two items that
could be assumed as easy AP15 (p= .84, D= .45), LAS25 (p= .96, D= .13). Based on
Haladyna (2004) criterion, the rest 7 items were considered as difficult items, ranges
between .14 and .35. Despite their high difficulty, items AS19 (D= .45, r= .44) and

AP21 (D= .51, r=.47) were functioning well in terms of their discrimination indices. On
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the other hand, AS13 (D= .30, r=.29) and LS16 (D= .30, r= .31) were considered as
reasonable. Finally, there were too difficult items in the test to be considered critically.
Items AVP26 (p=.20), VS27 (p=.23), and AP10 (p=.14) were difficult items.

4.5 Further Validation Evidences

45.1 Raw Scores and Rasch measures

The relationship between total scores and Rasch person measures was
investigated using Pearson product-moment correlation coefficient. Preliminary analyses
were performed to ensure no violation of the assumptions of normality, linearity and
homoscedasticity. There was a strong, positive correlation between the two variables

[r=.946, n=144, p=.00], with total scores of test and Rasch measures of persons.

45.2 GPA and Raw Scores

The relationship between total scores and GPA grades of pre-service teachers
was investigated using Pearson product-moment correlation coefficient. Preliminary
analyses were performed to ensure no violation of the assumptions of normality,
linearity and homoscedasticity. There was a moderate positive correlation between the
two variables [r=.38, n=141, p=.00], with total scores of test and GPA grades of

persons.

45.3 GPA and Rasch Measures

The relationship between Rasch measures and GPA grades of pre-service
teachers was investigated using Pearson product-moment correlation coefficient.
Preliminary analyses were performed to ensure no violation of the assumptions of
normality, linearity and homoscedasticity. There was a moderate positive correlation
between the two variables [r=.40, n=141, p=.00], with Rasch measures and GPA grades

of persons.
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CHAPTER 5

DISCUSSION AND CONCLUSION

The instrument developed in this study was a multiple-choice instrument, which
seeks to assess conceptual understanding of the pre-service elementary mathematics
teachers’ mathematical knowledge of measurement concepts for teaching, specifically
on the concepts of length, area and volume. The current study was distinctive in
mathematics education literature, since it was one of the preliminary studies on test
development in which the mathematics knowledge for teaching was considered,

especially for the case of Turkey.

As explained before, related literature suggests that there is a need for
presentation of the procedure of developing valid and reliable measures for teachers’
knowledge for teaching (Hill, et.al., 2004, Hill, et. al., 2007).The product of this study
was an instrument that could assess pre-service teachers’ mathematical knowledge for
teaching (MKT) on the concepts of length, area, and volume measurement. Thus, it was
aimed to contribute to fill the gaps for lack of valid measures to be used for assessing
elementary mathematics pre-service teachers’ MKT. Findings on the items were
intended to provide a contribution of this study to the determination of teacher
qualifications. Therefore, this research intended to contribute to the body of research
those curriculum developers, educators, faculty member, and bureaucrats can utilize in

teacher education programs.

The main significance of this study was that it involved the development of one

of the prototypes for valid and reliable measures for the assessment of MKT, as this
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study was conducted to fill such a gap in the literature. Thus, the design of this study
included producing one of the examples of these necessary measures. Describing a
methodology for developing such an instrument and creating survey items that can be
used as a basis in future tools for assessing teachers' PCK were the other purposes of the
study in line with the need mentioned. For this purpose, the results from the Chapter 1V
will be summarized and discussed: the performance of the test items and validity of the
instrument was a major issue to be discussed in this section. The chapter will be closed
with a presentation of limitations, implications and recommendations, and conclusions

for further research.

5.1 Item Construction andRelationship of theResultstoPreviousResearch

The model of Mathematical Knowledge for Teaching (MKT) was reviewed in
detail within the framework of the existing research described in Chapter 1l. Ball and her
colleagues (2008) propose a practice-based theory of content knowledge for teaching
built on PCK (Ball, et. al., 2008). The domain map for “Mathematical Knowledge for
Teaching” points out the knowledge the teachers are expected to have. The domain map
-Mathematical Knowledge for Teaching - has two main subdomains; Subject Matter
Knowledge (SMK) and Pedagogical Content Knowledge (PCK) with several theorized
knowledge domains (Ball et al., 2008). The current test was modeled after the Learning
Mathematics for Teaching (LMT) instruments for assessing in-service teachers’
mathematical knowledge for teaching (Hill et al., 2004).However, two main gaps were
presented directly related to the test development for the assessment of MKT: the first
one was the lack of clear definition of the construct (in other words fuzzy boundaries
between subdomains) and the second one was the difficulty of developing items for

assessment of teacher knowledge.

As explained in Chapter 111, items were constructed to address the portion of the
Specialized Content Knowledge (SCK) and Pedagogical Content Knowledge (PCK)
domains within the pre-determined learning objectives of measurement concepts in

Turkish elementary mathematics program. Based on the MKT model, the construct of
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PCK was defined by Knowledge of Content and Students (KCS), Knowledge of Content
and Teaching (KCT), and Knowledge of Content and Curriculum (KCC). However, the
boundaries between these subdomains are not clear enough to make clear decisions
when considering real teaching cases or teaching scenarios. Thus it becomes difficult to
construct objective measurement items focusing specifically on these subdomains. For
this reason, items of MKT-M measure can be categorized in two clearly distinguishable
subdomains: SCK and PCK.

The structure of the items was multiple-choice item format. Although it is not
suggested to use complex multiple-choice item format in test development literature
(Haladyna, 2004), in this study some items (AP4, VP1) related to teaching context were
re-designed as complex multiple-choice item format. Based on the findings of
interviews, it was understood that there was no unique approach for the given cases and
the solution might sometimes depend on the interaction of teacher and student. Thus,
there might exist more than one answer. Moreover, item difficulty and item
discrimination indices of these complex multiple-choice items became acceptable after

revision of items.

5.2 Scoring of the Test Results

In test development literature Classical Test Theory was one of the main
framework to analyze items and to make decisions on them. However, these tools have
some limitations as also summarized in Test Development section. Specifically, this type
of scoring was dependent on the characteristics of sample as well as the characteristics
of items. Thus it becomes difficult to determine standardized scores for each item in
different forms of tests. On the other hand, in Rasch analysis, estimation of item and
person parameters was carried out through some underlying mathematical patterns. Thus
this analysis provides a standardized scale, which provides an opportunity to make more
meaningful comparisons between different test forms and between different samples

(Hambleton, et. al., 1991). For this reason, although there exist the item analysis from
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the perspective of Classical Test Theory in this study; the main scoring approach of

items of MKT-M measure was Rasch Analysis.

5.3 ReliabilityandValidity

For the test development the vitality of assessment of the reliability and validity
of the instrument is inevitable. For this purpose, the reliability of an instrument could be
measured by different tools such as: coefficient alpha (from the perspective of classical
test theory), coefficient omega (for not strictly unidimensional tests), separation indices

and reliabilities (from the perspective of Item Response Theory), or any other.

For the current case, there were two reasons for using separation index and
reliability of Rasch Analysis for the reliability measure. The first one was that the
instrument was unidimensional in nature. The second one was that the value of
coefficient alpha is strictly dependent on sample and item characteristics. Within the
Item Response Theory framework the standard error of reliability is not constant, instead
it is a function of the standard error of measurement for the test across the ability
distribution. Thus it does not provide a single estimate of reliability. The single
reliability estimate value is the averaged error across the ability distribution. Thus in
order to take the effect of sample and item characteristics under control, item reliability
of the Rasch Model was taken into consideration. The reliability value for this study was
.98, which is quite high. Moreover this value is not sample-dependent and is not an

estimate of single administration.

On the other hand, the value of reliability of Cronbach Alpha was not reported
because of the low value of it. There might be varying factors that negatively affected
the value. First, the participants were not accustomed to this kind of tests, in terms of
neither structure nor content. Moreover, the design of the teaching methods courses in
undergraduate teacher education programs was not parallel to the coverage of the test.
Accordingly, it was observed that majority of the participants found the items were

difficult to reach correct answer during the test administrations. Secondly, the test was
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designed as an achievement test and participants were not well prepared for the test
taking. Another possible explanation for why the Cronbach alpha was low was that the
lower number of items in test booklets (about 16 items) might have an effect on the
reliability (Crocker &Algina 1986; Nunnally, 1967). Considering these people
characteristics, it is suggested to use item response theory reliability estimations for the
future implementations of this test. For this reason the reliability value of the test
provides more valid conclusions for the Raschlogit scores. Thus it is advised to consider

Raschlogit scores for the further implementations of this instrument.

As mentioned before, addressing test validity is a very important step of the test
development process. Validity is a complex construct, and there is no single measure to
point to when trying to establish the validity of tests, test scores, and most importantly
the inferences that are drawn from them. Instead, evidence of validity must be collected
from a variety of sources. As a holistic approach the construct validity is considered to
encompass all other types of validity (Loevinger, 1957; Messick, 1989). Based on this
conceptualization, Loevinger and Messick point out three components of construct
validity: substantive, structural and external validity of measures. The specific evidences

for these three components of validity will be explained respectively.

Substantive validity comprises the conceptualization of the domain and
development of an initial item pool for measures. Conceptualization, literature review
and creation of item pool are the main steps should be considered in measure
development (Downing, 2006). The substantive validity goes beyond making this claim
based on the fact that the items really represent the intended construct. This validity can
be derived from a domain space clearly specified in advance and judged by experts to be
representatives of the area. For this case, the results of factor analysis did not produce
meaningful results. As explained before, the majority of the items were difficult for test
takers. Despite lack of Factor Analysis results, the strictly unidimensional structure of
the multiple forms of items in Rasch Analysis might be interpreted as all items covering

the same construct: mathematical knowledge for teaching.
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Structural validity of the measurement is complementary to the substantive
validity and mainly encloses the item selection and psychometric evaluation of the test
(Messick, 1989). According to Messick’s definition, the substantive validity relies
heavily on the analysis of test scores. Structural validity issues of test were addressed by
conducting individual analysis of keyed and distracter responses. Item analysis included
the individual analysis of item difficulty, item discrimination, and correlation
coefficients. The values of these coefficients provided evidence whether it was a good
item or not in terms of general objective test theory or not. Each step explained in Item
analyses and Rasch analyses provided evidence to support the structural validity of the

test.

While constructing the instrument MKT-M, the domain was initially specified as
measurement. Thistopicwas regarded that it covers important concepts based on the
needs of Turkish elementary mathematics education program. ltems were constructed
based on the conceptual nature of the topics rather than recall and computation. The test
has been implemented several times and interviews with pre-service teachers have been
used to discuss the functionality of individual items. Based on the interview findings,

malfunctioning items have been eliminated or rewritten.

In addition, item and distracter analysis has been conducted for all items to
determine item difficulty, discrimination, and the effect on test reliability. Additionally,
Rasch Analysis has been conducted and this information has been paired with classical
test statistics to identify items, which would benefit from further revision. The portray of
the items were not determined only by items parameters or distracter analyses, fit indices
of Rasch Analyses but also provided an explanation for the reasons of why there existed
problematic items. Administration of both Classical Test Analyses and Rasch Analyses
provided an opportunity to determine greater number of problematic items. Although
item analyses could be investigated by the use of CCT tools, results of Rasch Analysis
provided a better view about the distribution of item difficulty versus person ability.

These instruments revealed the functionality of items.
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Face and content validity were determined by consulting in-service and pre-
service teachers, mathematics educator, test development expert and test developer. The
issues of content and construct validity were addressed by the extensive literature
review. In order to ensure the substantive validity of the test, four in-service teachers
evaluated the reality and appropriateness of cases according to real classroom contexts.
Besides in-service teachers, the rest of three experts were involved in evaluating the
structure of test. Content validity was also addressed by using the expert panel to
ascertain adequate topic coverage. One expert who was specialist in mathematics
education not only investigated content of items but also checked the items with respect
to the categories of intended domain in the table of specification. One test development
specialist analyzed the content and structure of items in terms of test development
principles. One test developer investigated the wording and language of items for
readability and understandability. Before implementing items, 7 participants were asked
to complete the test and make comments and criticisms for face validity of test. To sum
up, every attempt to provide evidence in test development steps also supported the

substantive validity of the test.

Finally, the external validity of how the test interacts with other measures (both
test and non-test behaviors) was predicted by construct theory (Messick, 1989). At this
point there was no other measure that could be comparable to the scores of MKT-M.
The only thing that could be done was the analysis of the correlation between persons’
GPA scores and total test scores. There was a moderate positive correlation between the
two variables [r=.38, n=141, p=.00], total scores of test and GPA grades of persons.
This was not a surprising result since the GPA scores are measure of course passing
scores of participants, which is also affected by other components such as attendance,
homework, project work etc. Moreover, the content and the structure of the MKT-M
items were novel for participants. There may be higher correlations between the mid-
term/final scores of specific teaching methods courses, which are more focused
measures of teaching mathematics content. Similarly, There was a moderate positive

correlation between the two variables [r=.40, n=141, p=.00], with Rasch measures and
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GPA grades of persons. As explained before the GPA scores may somehow be a holistic
measure of undergraduate education, instead specific teaching content. Thus, external
validity of the measure depends on the quality of initial steps of test development.
Validation work begins to assess; using non-psychometric methods, whether the items
tap the intended construct. Briefly, the validity of each step in test development will
ensure the whole validity of the measure. To sum up, assessment of validity is an

ongoing activity. The more data are collected, the more revisions are made.

While the theoretical consideration of MTK have led to a better understanding of
teacher knowledge and effective teaching and was an important milestone in teacher
knowledge literature, there existed several measurement problems, accordingly needs
and many innovations. The MTK-M was still new to the assessment of teacher
knowledge movement. Although, total scores were low and gains are minimal, outcomes
have been consistent with researcher’s expectations. It is hoped that with further use and
research, the MTK-M will inform efforts to develop instructional strategies for teaching
methods courses. This chapter outlined future research goals for the MTK-M and

presents some preliminary findings from research in these directions.

5.4 Performance of theMKT-M items

In order to be confident about the functionality of items, especially for
determining the poor and ill structured items, item analysis was an important step for test
development. In order to make valid interpretations for the Results of RaschAnalysis,
the data is required to fit the model reasonably well. For the current study, the final form
of all items were unidimensional, in other words all items addressed only one construct.
The mean infit and outfit for person and item mean squares were expected to be 1.0. For
these data, they were 1.00 and 1.01 respectively. The mean standardized infit and outfit
are expected to be 0.0. Here they are -.1 and .0. Based on the cut-off criteria (0.7-1.3)
items with a standardized infit standard deviation of 1.0 have acceptable fit overall
(Bode & Wright, 1999).
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The other overall statistic about the MKT-M test is the index of spread of the
item positions. For the present case the observed item separation was 6.36 (real), and it
was 6.42 (model) when there is no misfit item in data. Since the value was higher than
1.0 this observation could be interpreted such that the items were positioned along a
continuum rather than dichotomous locations. Since the instrument was a kind of
achievement test, accordingly different categories for items were intended. Otherwise
the test would have only easy or difficult items in a total of two categories. The main
factors, which affect separation index for items, are sample size, fit indices and error
estimates. When sample size becomes larger, separation index increases and error
decreases. The item separation reliability estimate for these data was .98. The mean of
the participants’ ability scores was -.47 when the mean for items was set as 0.0, which
could be interpreted as these items’difficulty for the participants. This observation also
confirmed the following results of item analyses from the classical test theory
perspective.The difficulty level of items varied from high (Item AP10, p= .14) to low
(Item LAS25, p= .96). The mean and median of the test were M=5.90 (Std.

Deviation=2.215, out of 15) and median was 6.0.

Discrimination index of these items, on the other hand, again showed different
values, from (Item LAS25) D=.13 to (Item LS2) D=.57. The discrimination index for six
items was below .30. This low discrimination indicates that the relationship between
total scores of participants and scores on the item was relatively weak. These items
somehow failed to discriminate the participants based on their mathematics knowledge
for teaching. The other interpretation for this may be that the pre-service teachers might
have common misconception or incomplete knowledge on the concept which the items

cover.These items should be handled in depth for further research.

Another investigation on the data was conducted by distracter analysis. It was
observed that although all distracters of items were functioning quite well, some
distracters functioned at a higher degree than expected. Based on the interview findings
some of these cases might be the signal of common misconception of pre-service

teachers.
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This might negatively affect item discrimination (Haladyna& Downing, 1993),
which might result in the lower precision to measure mathematics knowledge for

teaching of participants.

For example, in the context of Round I, PMTs were asked to think aloud on how
and why they chose certain answers for each item. Although the main aim of these
interviews was to revise the item, this analysis provided an opportunity to get idea about
how items were interpreted by the test takers as well as the structure of items and
functionality of distracters. Since the content and structures of some items were revised
after interviews, these interview findings were not reported in Chapter 1V in detail.
However, these findings provided some suggestions why some items fail to function as
expected despite iterative revisions. At this point quotations from interviews were used

to illustrate participants’ reasoning for items.

For the item AP10, PMTs were asked to determine the prerequisites of the
surface area of cone (See Appendix A).The item statistics of AP10 based on the Round
IV was below the expected values (p=.14, D=.16, r=.21).The analysis of open-ended
responses and findings of interviews signified that PMTs had some problems related to

surface area of cone.

To begin with, some interviewees indicated that the concept of the cone had been

problematic for themselves since their schooling years.

#ID12: The cone has been the most untasteful concept for me since my schooling
period. It feels complicated and difficult. I still do not know the formula of the surface
area [of it].

In fact one participant stated that he even had no idea about how to calculate the

surface area of cone. Hence AP10 was one of the difficult items in the test for him.

Furthermore, majority of interviewees experienced a difficulty to construct the
net of the cone. Many of them claimed that the surface area of cone consists of only the
circle sector. When the participants were asked whether they remember the formula of

the surface area of the cone, surprisingly many of them answered with the formula of the
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volume of the cone. Interview findings in Table 5.1 might suggest some reasons why

this item functioned this way.

Table 5.1 Frequencydistribution of PMTs’ justifications on Item AP10

Alternatives (%*) Main categoriesforPMT’sreasoning on distracters

A (39%) Areaof circle, area of circlesector, circumference of thecircle, andheight of
conearenecessaryforsurfacearea of cone
[Acceptingallalternativeswithoutcriticizing.]

B (14%) [Correctanswer] Area of circle, area of circlesector, andcircumference of
thecirclearenecessaryforsurfacearea of cone.

C (22%)  Area of circleandarea of circlesectorarenecessaryforsurfacearea of cone.
[Ignoringthecircumference in theprocedure of areacalculation]

D  (19%) Areaof circleandheight of conearenecessaryforsurfacearea of cone.
[Confusingsurfaceareaandvolume]

E (3%)  Onlyarea of circlesector is necessaryforsurfacearea of cone.

*: These percentages were retrieved from item and alternative statistics of Round IV

5.5 Limitations of theCurrentResearch

Like any other research study, this study also had limitations that should be taken
into account, such as: focusing on restricted mathematical concepts —measurement-,
inexperienced participants, using unfamiliar test content and structure for the

participants, and using convenient sample for the last two rounds.

The first limitation for this study was focusing on just a tiny part of mathematics
concepts. The instrument covered only the measurement concepts of length, area and
volume, disregarding all other subjects in mathematics education. Thus, it was difficult
to generalize the results to all other teaching domains of mathematics.

The other limitation was that the participants were unfamiliar to the test structure
since the participants had never encountered such a test when the test was administered.
Furthermore, the content of the teaching courses was not parallel to the content of the
test. Thus, it becomes difficult to make clear interpretations about the item statistics.

The last but not the least limitation was about the procedure of data collection.

Although there was a random sampling method for the second round, for the last two
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round, data was collected the universities in Ankara. So, using such a convenient sample

for the last administration was an important limitation to generalize the results.

5.6 Implications for Practice

In the context of the current study aninstrument was developed. Based on the
results of the current study,this instrument can measure pre-service teachers’
mathematical knowledge for teaching to some extent. This means that PCK, which was
explained in an entirely theoretical way in the studies of Shulman (1986, 1987), has
practical implications in real contexts. The initial signs of analyses results will motivate
for the similar studies to be performed in future and for the development of more tests in
this field. Besides, this will trigger additional research questions for measuring teacher
competence by transferring the teaching knowledge from the framework of the
education of teachers to another dimension; measurement of teacher knowledge. By this
way, it will be possible to take remarkable steps in the field of accurate identification of

teaching knowledge.

As stated earlier, the main aim of study was to develop valid and reliable
multiple-choice items on specific mathematics concepts for measuring the MKT of pre-
service teachers. During the item development process, it was observed that pre-service
teachers had some problems, misconceptions and difficulties related to these specific
mathematical concepts. They faced difficulties about conceptualizing the measurement,
making connections betweenmeasurement and other mathematicalideas, and attributing
meanings to mathematical formula used for the concept. However, revealing pre-service
teachers’ misconceptions and difficulties was out of the scope of the current study. Thus,
in-depth data collection and data analysis on this issue were not conducted and the
findings reached at the end of this study remained at observation level and were reported
in the form of brief notes in the relevant sections of the Chapter 4. Thus, these
observations present a few suggestions to mathematics teachers, in terms of mathematics

teaching and teacher education. Based on these observations, a few suggestions for
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mathematics education can be listed as belowthrough main aspects of PCKpointed by
Shulman (1986, 1987).

Shulman (1986) emphasized two major dimensions related to PCK. First, he
mentioned that PCK included “the most useful forms of representation of ideas, the most
powerful analogies, illustrations, examples, explanations, and demonstrations - in a
word, the ways of representing and formulating the subject that make it comprehensible
to others” (s5.9). It means that for a person to deliver an idea to another one in a
functional form, first, the person needs to have clear and comprehensive ideas on the
related concept. In other words, the first step is that teachers are required to make the
mathematics comprehensible to themselves. Then, they can make the subject matter
comprehensible for others especially for students. Otherwise, it would be unfair to
expect the teachers to teach the mathematical concepts that they have not yet fully

conceived, in a meaningful way.

However, it is even among the literature thatpre-service teachers and even in-
service teachers may have similar difficulties and possess similar misconceptions with
the students (eg. Even, 1990;van Driel, 1998, Ward, 2004).In the context of this study, it
was observed that some pre-service teachers also experienceddifficulties in the same
way with the student cases given in the instrument items. Naturally, they were unable to
identify the student difficulty that they came across with. Thus they could not sense the
main reason of the student’s underlying difficulty. Hence their performances remained
poor at item cases given in the instrument, where they were expected to make a decision
and to intervene as a teacher. Further observation made during the interviews at the time
of item development processwas that, the pre-service teachers expressed that they did
not have much experience about the thinking approaches of students, and that they had
not questioned their knowledge about this in their courses. Consequently, they
experienced difficulties in higher-level questions, in which they were expected to
identify the thinking of the student and intervene to the given situation as a teacher,
rather than only and directly utilizing mathematical knowledge. Following all these

observations, it was understood from the analyses made on the developed Test of
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Mathematical Knowledge for Teaching Measurement (TMK-M) that the items, which
coveredSCK, performed better in terms of difficulty and discrimination and that the
indices of difficulty and discrimination were lower than expected for the items that were

prepared for measuring PCK.

Shulman’s second point (1986) was that “pedagogical content knowledge also
includes an understanding of related about what makes the learning of specific topics
easy or difficult: the conceptions and preconceptions that students of different ages and
backgrounds bring with them to the learning of those most frequently taught topics and
lessons.” (p.9).There are also empirical studies in literature, which highlights the
importance of the teachers’ knowledge on the students for meaningful learning (eg.
Carpenter, et al., 1992; Ryan & Williams, 2003). According to these studies the more
knowledge of the common mathematical errors and misconceptions of students that
teacher have, the more understanding and comprehension of student cases, dependently
the more greater vision of teaching and learning.

The first and the main suggestion of the currentis towards strengthening the
mathematical knowledge, which form the basis for the PCK of the pre-service teachers.
In order that the pre-service teachers should overcome their difficulties and
misconceptions about fundamental mathematical ideas which they have brought from
their schooling years before becoming teachers.These concepts need to be discussed and
those problems need to be solved during their undergraduateeducation.The pre-service
teachers should be provided opportunities to reflect on mathematical concepts, and a
special emphasis should be given to the courses on basic mathematical concepts. If such
courses exist, then they should be increased in number. Within the framework of these
courses, not only discussions on the underlying ideas of mathematical concepts, but also
studies on connecting different concepts, multiple representations, and verification and

proof of mathematical ideas should be carried out.

Secondly, the knowledge of pre-service teachers on students’
characteristicsneeds to be advanced. In addition to understanding the characteristics of

students, the pre-service teachers should have the ability to understand the student in
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possible cases that they may face, to identify the challenge or misconception that the
student is going through and to have an idea about the origin of this situation. To this
end, before graduation from the education faculty program, the identified characteristics
of students, their tendencies, the challenges and misconceptions they face should be
delivered within the context of specific mathematical concepts to the pre-service
teachers. Another suggestion is to extend the visions of pre-service teachers in relation
to various instructional methods, again with an aim of strengthening the teaching

knowledge.

Another implication lies in the teacher education programs throughout different
universities. During the sub analyses, it was observed that pre-service teachers in
different universities have different answering patterns with respect to test items.
However, since revealing the reason for such answering patterns was outside the scope
of this study, it was not reported in detail. The generation of these differences between
universities may be a sign for difference in the content of method courses given in
different universities especially the conduction of method courses with different contents
and the lack of standardization. While the data gathering studies, interviews were made
with the instructors of method courses, during which it was observed that the course
contents designed, the resources used and the approaches showed variation. Because of
this, there is a need to put more emphasis on the necessary accreditation criteria
identified by the Higher Education Institution, and to perform studies for enabling the
pre-service teachers in all education faculties to acquire similar experiences.
Additionally, there is a need for conduction of long-term studies in different patterns, in
order that the underlying reasons for such answer patterns of pre-service teachers can be
scientifically explored.For this aim, it is possible to perform long-term studies by
utilizingthe test developed within this study as well as similar tests. In the longitudinal
research designs, iterative administrations of the current instrument will provide detailed
information about pre-service teachers’ knowledge for teaching development and will
help monitoring acquisition steps. Thus, the results of such longitudinal studies will also
provide information about the instructional programs, course contents to foster

mathematical knowledge for teaching of pre-service teachers.
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5.7 Implications for Future Research

Related literature emphasizes the necessity of valid and reliable measures to test
and to explore the nature and structure of the pedagogical content knowledge, or more
narrowly, mathematics knowledge for teaching. Thus, measures peculiar to construct are
necessary in order to further explore and validate the construct itself. Test development
initiations require reconsidering the theoretical construct itself. Moreover, extent and
content of the measures provide an opportunity to re-define dimensions and sub
dimensions of the construct, dependently on the structure of theoretical propositions
about the construct. Obviously such kind of iteration provides feedback not only for the
theoretical verification studies, but also for validation of the measurement cyclically.
The current study was aimed to fill such a gap in the literature. Furthermore, the
development of the MKT-M items questioned the boundaries of theoretical model- the
construct (Ball, et al., 2008) within the framework of test development and practical
applications of test development. The subdomains of MKT model were very difficult to
separate and accordingly it was very hard to define each subdomainin real contexts.

Thus, it was decided to define the construct in two dimensions: SCK and PCK.

At this point, in the literature there are only two points on which researchers
provide some consensus. The first one is that experience has a great effect on the
development of PCK, (Gess-Newsome, 1999; Loughran, et al., 2007; Magnusson, et al.,
1999; van Driel, Verloop, & de Vos, 1998) which was referred to as knowledge for
teaching in the current study. The second one is that subject matter knowledge and
general pedagogical knowledge arethe main prerequisites for the development of
knowledge for teaching (Magnusson et al., 1999).Except for these two common points,
the researchers have not yet reached a common ground on the structure of PCK and its
sub domains. For example, SCK and KCS — sub domains of MTK which was assumed
to be unidimensional in the studies conducted - have been reported to be not
unidimensional and to show a structure including more than one factor (Schilling & Hill,
2007). It can be concluded that the theoretical assumptions of PCK construct may

conflict with the research results in some cases. Although this situation causes
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difficulties for researchers in many fields extending from writing test items to deciding
analyses, studies within the present information and assumptions are needed for the
structure of PCK to become crystallized and clear. The results of these studies will
provide the theory about this concept, while the changes in the theory will provide the
evolution of measurement tools. At this point, the basic fact is the existence of a
knowledge which separates the teaching profession from the other professions, although
its structure is not entirely known. On the other hand, in order for the uncertainties on
construct to be removed, it seems that there is no other solution than performing more

studies on this issue.

Furthermore, the development of the MKT-M items questioned the boundaries of
theoretical model- the construct (Ball, et al.,, 2008) within the framework of test
development and practical applications of test development.Based on this finding, future
research can focus on developing items of other domains of MKT separately.
Explanatory and Confirmatory factor analyses will be helpful for validation of MKT
model. These analyses allow the researchers to test hypothesized model and structure of

a measure.

The other implication for the research area is about the determination of analysis
model. At this point, it seems psychometric properties of dichotomously scored tests are
more advantageous than other kind of tests with respect to validity and reliability.
However, this kind of dichotomously scored tests might fail to explore errors,
misconceptions, or other thought patterns related with test items. For this reason it may
be useful to construct partial credit test scoring models for further research designs to
detect underlying ideas. Alexander, Kulikowich, and Schulze (1994) state that responses
of teachers as well as responses of students may not be random; indeed those response
patterns may be an indication of any kind of misconception or difficulty. For this reason,
especially for tests peculiar to complex constructs, such as knowledge for teaching, it
may be better to analyze test scores by using polytomousmodels where distracters are

appropriately constructed in order to detect underlying thought patterns.

155



To sum up, being aware of complexity of teaching, it should be realized that
using a single method may be limited for assessing such a complex process. Ideally for a
teacher assessment tool to be comprehensive and coherent, all of the components of
teacher knowledge should be addressed. In short, for the valid and comprehensive
assessment of teacher knowledge for teaching, it is required to use multiple data
gathering designs for research.Interview findings suggested some underlying reasons
such as quantitative reasoning, beliefs about teaching mathematics, and teaching self-
efficacy. In order to elicit these relationships, a structural equation modeling (Benson,

1998) approach could also be used.

5.8 Conclusion

The main aim of this study was to develop a valid and reliable test to measure the
pre-service mathematics teachers’ mathematical knowledge for teaching. For this reason
the main focus of this study was to establish construct validity evidence for the newly
developed MKT-M instrument in order to make healthy inferences from the scores.
However, it can be concluded that there was limited empirical support to make
inferences about pre-service teachers’ MKT considering the scores of MKT-M items.
Although all items were not ideally functioning, most of them signaled some clues to
construct better measures for assessing pre-service teachers’ MKT. At this point the
current study was one of the preliminary attempts to develop an instrument on MKT
specifically in Turkey. This study was designed as much comprehensively as possible.
The findings of the study presented the reasoning strategies and problem solving
approaches of pre-service teachers on multiple-choice items. However, there was no

other similar instrument to compare the test results and to make some further inferences.

To sum up, it is believed that the instrument MKT-M will have a contribution to
the test development for assessing MKT literature by introducing a scale that could be
used to assess pre-service teachers’ mathematical knowledge for teaching specifically on
the concepts of length, area, and volume measurement. It is also believed that the test

development process will illuminate the further test development studies.
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(. Test O
PEDAGOJIK ALAN BiLGisi TESTI
(GLCME) oDTU
ADl e m et et et e e e e
S0 AD

cinsiver - kapin [ erxex: L]

UMIVERSITE - BOLOM -

GEMEL NOT ORTALAMAS] - e

GEMNEL ACIKLAMA
1.Bu sinavda her katihmacrya bir soru kitapgg) verilecektir.

2.Bu soru kitapgig) her birine 5 secenek sunulan 29 sorudan olusmaktadir.

3. Testin timi icin dngdrilen cevaplama siresi 60 dakika"dir.

4. Cevaplamaya istediginiz sorudan baglayabilirsiniz. Cevaplanmaz  kitappk dzerine  isaretlemeyi
unutmayniz.

S.Ack uglu elarak sorulan midmikiin oldugu kadar detayl cevap vermeye caliiniz.

&.Bu Slgegin sonuglan sadece aragtrma amagh clup higbir sekilde notlanmia etkilemeyecektir.

Tesekkiirler,
ILETiSin BiLGILERI
Yasemin ESEN
ODTU Egitim Fakiiltesi
ilk&gretim Matematik EZitimi Bl imii
(6521 Gankaya- ANKARA
e-mail: yaseminesen@gmail.com

Tel: 0312 210 40 65

Eurtestin e halkla sakidir. Hang amacia olursa olsun, testierin tmemnn veya Sir Eisminm aragirmaciann yazl i2ni oimadan kooya
edilmes, fotografinn ceiiimesi, herhangi bir pola cofaitimas, yeymisnmes ya o kullanimas: yasaktr. Bu yassgs uymayanar gereki cazai
sorumiukyE ve testin heorisnmasmdaki mal kifeti pegnen kabulenmiz sayir.
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SORULAR

1)

——) ici bog r,2r 3rve dr
i yangaph silindirlerin

boylan sekildeki gibidir.
Silindirlerin her birisi

=
£
S

| |” yarya kadar su ile
Iﬁ -"lw i i dolduruldugu zaman
dr
1,{: 4 gy diklan sumiktariann

airalayimiz.

[ DFY 2000/5-20-12. S Sory 2]

Sorwga "< < W< IV gibi yanit veren bir
ogrendi silindirin hacmine etki eden
degiskenlerden sadece birini dikkate alarak
siralama yapmugtir.
Ogrencinin yasadig bu giicligii asmast icin
azagida verilen etkinliklerden hangisi ya da
hangileri kullamlabilir?

&) Yangaplan ayn yan dolu silindir ile tam
dofu silindirin hacimlerini karsilastirmak.

B] Yikseklikleri farkh taban alan/an aym
silindirlerin hacimlerini kargiiastrmak

C} Taban alankan aym yiksekliklari farkh
kare prizmalarn hacimlerini
karsilastirmak

[} Bir taban ayriaym, yiikssklikleri farkl
kare prizma ile dikdartgenler prizmazimin
hacirnerini karsilastirmak

E} Yilkseklikleri aym taban alanlan farkh
kare prizmnalann hacimlerini
karsifastirmak

Gerekge:

Soru ile igili GReri:.................

2]

Azzfida iglerine dger tanetop tam olarzk
sigdinlabilen iki silindir verilmistir. Bu kutulardaki
girvenlik seritlerinden birisi Sekil Fdeki gibi dikine,
digeri ise Sekil i'deki gibi kapagin ¢avresine
yerestiriimistir. Ogrencilerinden bu iki serit
arazinda nazl bir iliski olabilecegini soran Géretmen
asagidaki yanitlan almistir.

AT

Sekill " Sekil

Azagida verilen d&rend yanitlanndan hangisi
dogrodur?

&) Kapagin cevresine sanlan serit, dik seritten
daha uwzundur.

B) Kapa£in cevresine sanlam serit, dik seritten
daha kisadr.

C] Kapagin cevresine sanlan sert ile dik seridin
boyw egittir.

D) Saysal bir deger olmadig igin bir ey
siylenemez.

E] Yeterince binyiik toplar kullamldiginda

Sekil II'deki serit, Sekil 'deki seritten daha

uzun olur.
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3}

Bir Ggrenci sekildeki gibi
verilen bir yapragin
alanmmi eni ile boyunu
carparak bulabilecegini

disiunmektedir.

Seceneklerde verilen ifadelerden hangisinde
dogru sonuca ulasmasi, SErencinin yaptigy “verilen
wzuriuwkdor gorpriorak alon bulunur” seklinde bir
dusunce geligtirmesine yol agmis olabilir?

Paralelkenarsal bilgenin
alamim a ve b uzuniuklanm
garparak bulma

Verilen bdlgenin alanm a

B
) E we b uzunlukiarnm ¢arparak
) bulma

¢ Yamuksal balgenin alamn a

wve b uzunluklanni carparak

bulma

Verilen bolgenin alamm a ve b

o) uzuniukiamn garparak bulma

s
EJ lerilen bdlgenin alanim awve b

wzunluklarnm ¢arparak bulma

- b —

TIETRAT) AN R Sa R Tt el L.

4)

1 birim I

e
cemes
-1

Alan kavramini iskeyen bir Ggretmen
GErencilerinden yukandaki dikdértgensel
bdlgenin alanmn yaminda verilen birim
cinsimden digmelerini ister

Ogrencinin yasadig bu zorlugu agmasi igin
asagida verilen orneklerden hangisi ya da
hangileri kullanilabilir?

T ..
i) = T1T Alan= 4 Birim
[
.
It — T ‘1"" Algn= 16 Birim
-
o e
1] _jl_ - Algn= 32 Birim
i EH
) Algn= 4 Birim
AlHepsi  B)LILIL €)1 00TV
D), E) Yalmiz Il
Gerekfe:.
Soru ile ilgilidneri-.__._________.
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5) Simif&

ﬁﬁrenmmmt Dlgme

Kazamim: Dikddrigenler prizmas), kare prizma ve
kupln yizey alanlanm hesaplar.

L Azagida verilmis olan sirpriz kutunun
biitin yizleri ayna ile kaplanmak
istenirse, kag om” aynaya ihtiyag olur?

30w

40 cm

1 Boyutlan 20 om x 30 cm olan bir
kartondan kesilerek prizma yapilacaktr.
Yiizey alam en fazla olacak sekilde
olugturulan prizmanm ayrt uzunluklznmn
buslun.

I Ayt uzundukian yukandaki gibi verilen
dikddrtgenler prizmasimn yizey alan
formiilinin “ 2{o.b) +2{b.c) + 2 (o.c) *
oldugunu gdsterin.

« birim

a biriimi birim

MEB Matematik Dgretim Program dikkate
alndiginda yukandaverilen sorulardan hangi ya
da hangileri belirtilen kazanmm &. sinrf

seviyesinde Glgmeye yonelik degildir?

A) Yalrizil
B) Yalmzll
£} Yalmz Il
o) 1,

E} W11, 1

ERAm igincy = e tr

6)

Cember ve daire konusunu igleyen bir égretmen sinifia
major ve minor yaylan tamitbktan sonra
Sgrencilerinden merkezdes iki cember gizmelerini; bu
gemberlere ait mindr yay uzunluklar ve yay clgiler
ile ilgili degerlendirme yvapmalarim istemistir.

Ogrencil) Merkezdes iki cemberde mindr
yaylardan biri difzrinden kisa ise, kisa ofan mindr
yayn olgisl diferinden kigktir.

Ogrenci ] Merkezdes iki cerberde mindr yaylann
uzunluklan esit ise, yay digileri egittir.

Ogrenci 1) Sekilde belirtldig gibi merkez aglar,
aymi yay gordikleri icin yay uzunluklan esittir.

Ogrenci IV] Merkezdes iki cemberde Slgiileri aymi
merkez agilann gordikleri yaylann dlgdleri
aymadir.

Yukarida verilen 6grend dnermelerinden hangi
ve ya hangileri her zaman dogrudur?

A} 1,0, v
B) 1,10, IV
A

D) Yalmzl
E}] Yalmz IV
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7

T T T
] i
I 1
S '
" i '

' 9 '
R st Bt

. F
Sekill  Sekil I

Bir dgrenci, yukarida verilen iki bélgenin tarah
olarak belirtilmiz birimlerle diguldikleri zaman
alanlanmn ayni olacagini diisiinmektedir.

Bu sekilde diisiinen bir Sgrendi ile agagidaki
karsilastirmalan yapan égrencilerden hangisi ya
da hangileri arasinda benzer bir diigiince yapis:
wvardir?
1) Drensi |: “Her ikisi de esit uzunluktadir.”
I L B B B H—+—++1H
Sekil | Sekil Il

11) Ogrenci Il- “Sekil 1| S=kil 'den dzha uzundur.”

| { } H—+++H
Sekil | Sekil I

) Ogrenci Il “Sekil 1| Sekil I'den daha faziaalana
sahiptir.”

L

Sekil |

ekl Il
&), Yalz |
B] Yalmuzll
C) Yalnaz Il
O} lvell
El Twelll
Gerekpe:
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Qigme kavramum isleyen
bir 8gretmen dersine
baslamadan dnce
Ggrencilering resimdaki
gibi bir kova gosterir.

Ogretmenin asagidakiifadelerinden hangisi
kovanin bir Gzelliging iliskin lgim degildir?

Al Kovamnm simetri eksenince uzatilan ipin

kovanin igindes kalan kismimn uzunlugunu
dlemek.

B} Kowanin agzinda madeni para yuvarlayp
paranin kag tur yapbgini saymak.

] Smi iginde saniyede 2 metre giken bir
aracm, v dolu kova igine attiktan sonra
tabana ¢ikene kadar gegen sureyi
hesaplamak.

D) Kovanmn igini doldurduktan sonra esnek bir
iple asip ipteki esneme miktanm dlgmek.

E) Koway yanm litrelik sularla doldurup kag pet
sise bosaltildigin saymak.

Gerekpe:.




9) n

Yukanda verilen sekdin x-ekseni etrafinda 1807
daonduriilmesi ile elde edilen seklin hacmi kag
birim " tir?

80w 108w 160w
Al 3 B 3 . 3
216m 40w
3 3
Gerekge:
Soru ile ilgili 6neriz .. ..
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10

Koninin yiizey alan bagintisi Sgrencilerle
birfikte sinifta elde edecek bir Ggretmen, konuya
baslamadan énce dgrencilerindeasagida verilen
kavramlardan hangi ya da hangilerinde bilgi
eksikligi olmadifindan emin olmalidir?

[ Cizirenin alam
I Cizire dilimin alam
HI Cemberin gevresi
. Yikseklik

&) 1,1, 1 _BYRIETE C) o, n

o) I, IVE] Yalruz Il

Gerekge:

Saru ile Jgill neri: . e




B &
5 : h=12m
|
A P | f: _-]:
L] r A
r=im r=2m r=4m
Sekil ! Sekil 1 Sekil I

Bir kannca, yikssklikler ve yangaplan verilmis
silindirler dzerinde belirtilen A noktalarindan B
noktalanna silindir yiizeyinden yiniyerek
gidecektir.

Kanncann yiiriyecegi urakhkdan biiyiikten
kiigige dogru siralayinz.

&) 1,1
D} 1, 11, 1t

BINLIE )L
E) 1, 1, 11

Sovw ile ilgili Gneni:..._.... . L

12)

Asagrda verilen Gzdes gembererin igine gzilen
egrilerin uzunluklan arasinda nasil bir iliski
wardir?

SN N /TN
e '\_\.I "-I .l_:_.d'_‘-\-\\..I \ II." ) \,II
""""fl‘_'\_'ﬂﬁw.rl‘ T = IHI._pII r\l‘ﬁﬂ.frq"\_,l
I'k !\ VAR /

] P noS i !
\'\-.\_\. — o “1-\.___ e \x\_\_\_\_—_______,-’j
Al 1=l Bl | == C) 1=l m
B] =M= 1 EI]="=|||
Gerekge:
Soru ile ilgili Gneri-_.__ .
-G~

177

w.ed, tr




13) Yamuksal bilgenin alammn islemekte clan bir
GEretmen, dgrencilerinden yamubksal
balgenin alamm bulmaya yénelik farkh
stratejiler gelistirmelerini istemistir.

|] ﬁ _‘|

I.l" ; b, = | i
Kesik cizgili yerden kesip, sekildeki gibi
birlestirerek dikddrtgens=| bdlgenin alan
formidilini kullanmak.

w /[ N\=/ N\ _/

Seldin egini sekildeki gibi ekleyerek

paralelkenarsal bélgenin alan formidlGnd
kullznmp, yansini almalk.

)

Sekilde verildigi gibi yamugu iki liggensel
bidlgeye ayinp, bggensel bilgenin alan
formiilind kullamp, alanlanm toplamak.

Kesik cizgili yerden kesip, sekildeki gibi
birlestirerek paralelkenarsal bdlgenin alan
formidl dnid kullanmak.

/TN = [N

Kesik gizgili yerden kesip, sekildeki gibi
birlegtirerek dikddrtgensel bolgenin alan
fiormnGiliEnd kullanmale

Jgrencilerden gelen yukandaki ySmtemlerden
1angi ya da hangilen herhangi bir yamuksal
»olgenin alanim bulmaya yonelik olarak
renellenebilir?

AL LI IV, W Bl 0l N
o, E} Yalnaz Il
Gerekpe:.
Soru ile igili dmeriz._._____

)

]

)

v
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14) surwfta alan konusu islenirken bir Ggrend, bir
geometrik seklin gevresinin artmas
durumunda seklin kapladsg alanin artacagim
sEylemistr.

Bir D kenar uzunlugu 4 cmolan bir

-F-P-i uzuniuklan 1 cm uzayp

karenin kargilkl kenar

b 1
S B diger kenarann 1 cm

=

A aom g kisalmas durumunda alan

azalir.

Asagda verilen 4 karelilerde farkl sekiller
olusturmasmna rasmen alankan sabit kalmaktadir.

Sabit uzunlukta bir iple uglan baglandiktan sonra

olusturulzn kapah geometrik sekillerin
cevreledikler bdlgelerin alanlanfarkhdir.

5 birim kare ile clusturulabilecek sekillerin
kapladiklan alanlar sabit kalmaktadir.

f)Erencinin dusuncesine karsit drmek clusturmak:
icin yukanda werilen durumlardan hangisi ya da
hangileri kullanilabilir?

A LI B) I, IV
D) Yalmz Il E) Yalmz IV

c,m
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15) 18]

Alan konusunu isleyen bir Sretmen
fgrendilerine agagxdaki soruyu soruyor.

r Yanda verilen
& cm tuvalet kdgidimin
. sanldi@ rulonun
] rigapl 2 om ve
Kenar uzuniuklan 2000m ve 100 m olan yansap

sanlan tuvalet

dikddrtgen s=klindeki bir arsa, kenarlanna dik / e .
olan 2 m genisliginde yollar aglarak sekildeki — kagdinin kalinhig &
gibi 9 parsele aynilmigtr Agilan yollann toplam cry dir

alani kag m’ dir? | oey 2009 - 7 S Soru 24)

Kagidin ruloya 200 kez dolandig disinillrse,
tuvalet kagidiun uzunlugu yaklasik kag metredir?

Soruya 1200 m® yanrhin veren Ggrencinin,

aym arsamin, ayni geniglikteki 3 yatay ve 3
dikey yol ile 16 parsele aynimas: durumunda A) 24 B]36 ClE0D D)72 EJ%6
yollann toplam alamim kag m*bulmas: beklenir?

&) 1796 B)1791 C)1788 D) 1764 E) 1300

Gerekpe:

Gerekge:

Soru ile ilgili Gneri:

Soru ile ilgili dner:
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17)

Pisogor bagintisi:

Yandaki gibi werilen bir dik
tggends dik kenarlann kareleri
toplam en uzun kenann
[hipotenisiin) karesine esittir.
c ™ A I=a+ B

MEE 2. Sinif Matematik Ofretim Programini
dikkate alan bir &gretmen, simif ortaminda
asagidaki kavramlardan hangi ya da hangilerini
kullanarak Pisagor Bagintisim elde edebilir?

I} Karesel bSlgenin alan

1) Dairenin alan

IN) Diizgiin altigensel bélgenin akan
IV)ikizkenar liggensel bilzenin alan

Al Yalmazl B)I, Il il
o)1, 0, E} Hepsi
Gerekpe:
Sorw ile ilgili Gneri:

etizim iin-posen@matuy. edu. tr

18]

! i .; .: Yandaki gekilde yiksekligi
1|j.,:n.,-\\ ) 10 om, taban ayntian 4om

?ﬁ? ve Sam olan 3 boywutiu bir
1

Sem cm cisim verilmigtir.

Verilen 3 boyutlu cismin hacmi ile ilgili olarak
asagida verilen ifadelerden hangisi dogruduwr?

A) Cismnin yan yiizleri birbirine paralel ise, cisim
prizmadir ve |5 om x4 cm x 10 cm) islemi ile
hacmini 200 om® olarak bulabilirsz.

B] Cismninyan yiizleri birbirine paralel ise, cisim
prizmadic fakat yan yiizler egri oldugu icin
(5 cm x 4 oo d 0 em) istemini kullanamayz.

Cl. |5 em x4 cm x 10 em) islemini kullanabilmek
igim yan yizlerinin tabana dik oclmas! gerekir.
Yan yiizleri diklestirmek igin yukan dogru
cekerek wzatti@imezda cismin yiiksekligi 10
am'den uzun olaca@ndan hacmi 200cm” ten
Tazladir.

D) Cismin yan yiizleri birbirine paralel olsa bile,
cisim prizma degildir fakat (5 cm x4 cm x 10
cm) iglemi ile hacmini 200om” clarak bulabiliriz.

E} Cisminyan yizleri birbirine paralel olsa bile,
cisim prizma degildir. Bu sebeple (Scm x4 em x
10 em) iskemini kullanarak hacim bulamayz.

Gerekge:

Soru ile ilgil Gneri:
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20)

Sinifta alan konusunu isleyen bir Sgretmen,
Ggrencilerinden asa@ida farkl biyiklikteki
birimler cinsinden degerleri verilen geometrik
sekillzrin alanlann karsilagtrmalanm istior.

Sakil | Sakil

Diefer 25 birim kare 30 lbirim Gigmen

Ogrencil: Sekil Il, Sekil I'den biyiiktiir.

Skl | Skl Il

Deger 26 birim kare 15 lbirim kare

Orenci Il Sekil |, Sekil IFden biiyiktir.

Sakil | Sakil

Diefer 1% o’ B
ﬁﬁmﬁﬂl’: Sekil |, Sekil I'den binyiktir.

Simifta tahmin etme stratejileri dzerine etkinlik
yapan bir Ggretmen, Sgrencilerine farkh durumlar
sunmius ve Sgrencilerinden bu durumiara ilgili
tahmin yapmalanm istemistir. Saniftan gelen
tahminlerden 5 tanesi agagida verilmistir.

Hangi égrenci digerlerinden farkitahmin
stratejisi kullanmabtadr?
A) Bir 1 tmak icin gereken
malzeme igin: Seranmn 1 metre eniicin 147 m*
seffaf gereklidir, seranm eniyakizsik 60
metredir. 0 zaman yaklasik 60x150 m® seffaf
gercklidir.

B) Bir kovamoadaks piring sayis icin: Bir kagik
piringte 120 pirinctanesi, bir kavanozda

A)
B}
=)

Yukandakisaysal bilgilere dayanarak yapilan
Sgrenci dnermelerinden hangisi ya da
hangileri her zaman dofrudur?

Ogrenci I, Ogrend I, Dgrend Il

DErendi 1, Ogrenci Il
Yalruz Ofrenci |

0] Yalmz Ofrenc Il

E)

Yalruz Dgrenci Il

Gerekge:

Soru ile igili Gneri:

yaklagsik 50 kazk piring vardir. O zaman
yaklagik S120 piring tamesi vardr.

C). Bir otele gereken fayons miktan icin:Bir oda
icin yaklasik 10 kutu fayans gereklidir, her
katta 15 cda vardir. O zaman 5 kath bir otel
igin yakiasik 1075 kutu fayans gereldidir.

D) ki nokto aronndaki mesafe icin: Bir dakikada 50
mietre yuriyebilivorum, yolu yakiasik 15 dk'da
wirirgehilirim. O zaman iki nokta arasindaki
miesafe yaklazik 1550 rm'dir.

E] Bir depodg bulurnan toplam su miktan igin:
Deponun her 50 cm yiiksekliginde yaklagk 5
ton su bulunmaktadir. Deponun yiksekligi
yaklasik & metredir. O zaman depoda yaklazik
12x5 ton su bulunmaktadir.

Gerekge:.

Soru ile dgili Gneri:.

-10-
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21) MEB EMatematik Ogretim Progranm dikkate
alindiginda, alan konusu ile ilgili asagidaki
werilen sorulardan hangileri 6. Sinuf
saviyesine uygundur?

I} Verilen déniigimii yapin. 810 dekar= ... ar

/]
O
1hirim Yandzaki zeklin alam kag
br“dir.
)
Yurime Alam
s Tanda verilen kare seldindeki bir
:?"'*" """'"f" bdlgeye park ve yurime alam
yapildiktan sonra gerive kalan
Hawvuz
400 m " . alan kagm’ olur?
e o]
LT la it L iats
i iay
200 m
v
=+
1 —l— Saamarmy
'
|
Tiirkiye'nin toplamyiizélcimi 814.575 km?
iseAkdeniz Bolgesi'ninyiz élglimii yaklasik kag
delardir?
A) 1L, T By 0, ci
By o, Ejn,
Gerekge:
Soru ile ilgili Srveri:

edfr

AT IR

22)

Ogretmen: Sonucu kag buldun?
Ofrend: 12 om® T
Dgretmen: Masil buldun? 3ch
Ogrend: Verilen kenar uzunlukdanm
garpam.

Ofretmen: Sence yimemin dogru mu?
Orend: | Digiiniir).&ma birim karelerle
kaplasam da aym sonug gilorgor.

" dom

Verilen seklin alam ile ilgili olarak Sgrencisi ile
yukandaki gibi bir diyalog gecen GEretmenin
asagidakilerden hangisini yaptirmas: égrencide
olusan bu algimn giderilmesine yardime olur?

Birim karelerikullanarak
verilen seklin
alamimi
buldurmak

—_—

B} Seklin kenar
uzunluklanm cetvelle
dlgturdikten sonra
seklin alamm
buldurmak

(] Uggen sekiindeki
ler kullanarak seklin
alamini buldurmak

B
Birim kareleri kullanarak verilen seklin alanim

buldurmak
E] Sekiin kenar

uzunluklarnm E] cetvelle

olgtirdikten sonra geklin alamm buldurmak

Gerekge:

Soru ile iigili Gneri:

-11-

182



23)
[—
1hbim
9hbirimkare _ xhbinmkare _Sx5 _ x
lsabrda  Ssaorda 1x5 5

Dikddrtgensel bolgenin alamm bulmak igin
yukarida gibi bir oran kullanan Sgrend
segeneklerde verilmis olan bdlgelerden
hangisinin alamm bulurken bu yéntemle dogru
sonuca ulagir?

A) Paralelkenarsal bélgs

B] Ikizkenar yamuksal bilge
C) Dizgin albgensel bilge
D) Dik yamuksal bélge

E| Beszensel bilge

fﬂﬂﬁ;‘m ignpesanEmety.edtr

24)

Boyutlan 2,5m x 130am =80 an olan bir kutuya
cevresi yaklagik 75-78 om olan basketbol toplanndan
kag tane sigdirabilirsiniz?

A)S50 B)SD C)110 ©D)160 D) 200

Sorw ile ilgili Gneri:

-12-
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25)

-I'- I:&'.-I ¥ =3 el B

Sekil | sekil |l

Esit uzunluktaki iki ipten ilkini iki esit, ikincisini g
esit pargaya bilerek ekil | ve Sekil IF'deki gibi
pemberler clusturulmusztur.

Simifta cember ve daire konusunu isleyen

Ggretmen Sgrencilerinden Jakil | we Sakil 1'daki

gemberlerin toplam gevreleri ile kapladiklan

toplam alanlan karsilastrmalanm istiyor.
Asagda verilen Ggrenci yanilanndan hangisi
dogrudur?

&) Odrenci I: Sekil | ve Sekil II'deki alanlar

toplami we gevreler toplami egittir.

B} Ogrenci - Sekil | ve Sekil ['deki alanlar
toplarm esit, fakat Sekil 'deki gevreler
toplarm daha byt

C) Ogrenci NI Sekil | ve Sekil II'deki alanlar
toplarm esit, fakat Sekil Mdeki cevreler
toplam daha kigllktir.

D) Ogrenci IV: Sekil | ve Sekil IFdeki gevreler
toplam esit, fakat Sekil I'deki alanlar
toplam daha banyilktiir.

E) Ogrenci V-3ekil | ve Sekil I'deki gevreler
toplam egit, fakat Sekil I'deki alanlar
toplam: daha byt

Gerekpe:

Soru ile ilgilf oneri:.

Sekil i Selkal i Sekil iy

7 Sinef Ggrencilerine OFrencilerine dairenin
alamim anlatmay planizyan bir Ggretmen daha
onceden hazirdamig oldugu Sekil Fdeki daireyi Sekil
IP'deki gibi es dilimler halinds keser ve Sekil 'teki
gibi yeniden diizenler.
Etkinlikte paralelkenarsal bilgenin alan formilini
kullzanarak dairenin alan formiliEnd elde ettirmeye
cahsmaktadir. Fakat simftakibir éErenci olugan yeni
seklin tabanlan egrilerden olustugu icin
paralelkenarsal bdlgenin alan formdlindn
kullanilamayzcagni iddia ediyor.

Builiskilendirmeyi anlamakta giiclik ceken bir
ogrendnin asagidaki durumlann hangi ya da
hangilerinde benzer sekilde zorluk yasamas
beklenir?

I} Bir silindirin igine yerlestirilenayn yancaph
hamurdan yapilmas kirenin ezilerek, silindirin
hacim formilinden kirenin hacim
formiilinin elde edilmesi

] Es binyikl Gklerde clusturulmus konilerden
kiire olugturularak koninin hacim
formilinden kirenin hacim formdlindn elde
edilmesi

i) Hazrlanan es bilyiikliklerdeki daire dilimleri
ile kiirenin lkaplanarak dairenin alan
formilinden kirenin yizey alan formalundn
elde edilmesi

IV} Kiirenin igini yiksekligi e5 bir koni yardim ile
shiyla doldurup daha sonra koninin hacm
formilinden kirenin hacim formdlindn elde
edilmesi

A) 1,1, 1, i BJLIV  C)u,
D) Yalmz Il Ej Yalmz Il
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28

27)
S i — ﬂ}_ I
Dmden Craden Aajdan

Sinifta prizmalarda hacim konusunu islemekte olan

dgretmen, igine birimler yerlestirilmis jekilde

Gnden ve sagdan gGrandmi verilen dikddrtzenler
prizmasmnin hacmini soruyor.

Bir grenci prizmanin hacmini $x2x3= 24 br* olarak

buluyor.

Sinifta uzuniuklan dlgme konusunu isleyen bir
ogretmen ogrendlerine sabit boyda qubuklar ve farkh
biyiikl Gkte birimler dagtarak Sgrencilerinden
gubuklann uzuniuklanm dagitog birimlerle

dlgmelerini istiyor.

Crurumm | Crurumn 11

Ogreni I: Her ikisi
igin de aym arag I . . || i
kullanildig igin [ f—— LL i

uzwnluk -
algileri aynidir.

Ogrendi Il: Her iki

Ogrencinin yanrt ile ilgili olarak asagida verilen
ifadelerden hangisi dogrudur?

A} Prizmamnn igine yerlestirilen birimin metrik
algiileri verildigi igin hacim om°cinsinden

bulunmalsdir.

B] Ogrenci yaniti br olarak buldugu icin sonug

dioErudur. Prizenalarin hacimlerini kip

disindaki birimlerle bulurken birim saylanm
kullznarak da bulabiliriz.

C) Dgrenci tesadiifen dogru sonug bul mustur,

D} Birim sayillanm garparak dogru sonug elde

etmek miimkiin degildir.

E} Ogrencinin yant yanlister.

Gerekge:.

Sorw ile igili Gneri:

uzuwnluk igin 3 birim fr— . 4

e i i B B s o 9
kullanldig igin I S |
uzunluk olgileri
aymdir.

Ogrendgi lll: Her iki
uzunbuk igin farklh
sayuda birim
kullansdig igin
uzunluk clgileri
farkhidir.

S N—— . | .
 ———— e S

Ogrendi | IV: Her iki
algimnde farkh
birimler kullamldig
igin uzuniuk Slgiler
farkhdir.

Yukanda yamtlan verilen ogrendilerden hangi ikisi
uzunluk dlgme konusunda benzer disinceye

sahiptir?

Al HI BN CjiEm DIV Ej I
Gerekge:

Soru ile ilgili dmeri:

-14-
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29)
D Yanda verilen seklin
cevresini 13 br olarak o
hesaplayan bir TESTINIZ BITMISTIR.
© oEEnclion aagdaK CALISMAYA KATILDIGINIZ IGIN COK TESEKKUR
drmeklerden EDERIM

hangisidgrencinin yaptig hatay fark
ettirmeye yoneliktir?

Al B

c). o)

E]

Gerekge:

Soru ile ilgili Gneri:.

-i5-
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APPENDIX B

FINAL FORMS OF ITEMS

i igincpesen@maty. edu. tr
(-., Test_4
PEDAGOIJIK ALAN BiLGisi TESTI 00TU
(OLCME)
Al

cinsiver - kapin [ erxex: [
ONIVERSITE 2o BOLOM
GEMEL NOT ORTALAMAS! < oo

DONEM

GENEL ACIKLAMA

1.Bu sinavda her katiimaorya bir soru kitapgig) verilecektir.

2.Bu soru kitapgig) her biri 5 segenekten olusan 15 sorudan clusmaktadir.

A, Testin timii igin Gngdrilen cevaplama siresi 25 Dakika'dir.

S5.Cevaplamaya istedifiniz sorudan baglayabilirsiniz. Cevaplanmzi kitapgk (zerine isaretlemeyi
unutmaymiz.

5.Bu &lgegin sonuglan sadece arastrma amagh kullamilacak olup  hichir sekilde notlarimz

ethilemeyecektir,

Tesekkiirler.

ILETiSiM BiLGiLERi
Yasemin ESEM
ODTU Egitim Fakiiltesi
ilki&retim Matematik Egitimi Balimii
06531 Cankaya- ANKARA

e-mail: yaseminesen@gmail.com

Tel: 0312 210 40 65

Eaxbestin her hakka sakidir. Hangi amaga olursa olsun, testierin maminin weya bir ksminm aragarmaciann yaol 2ni oimadan kopya
edilmesi, fotofrafinn geiiimesi, herhang bir polia gofakimas, yeamisnmes: @ da kullnimas yasakhr. Bu yasaEn uymayenisr gereki cezsi
sorumiuluZy ve testin hazrisnmesncalki mal kifeti pegnen kabullen mi; ssyir.
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SORULAR

1)

Asagidaki sekillerde iglerine lger tane dzdes
topsigdinkzbilen iki Szdes silindir werilmistir.

Sekill  Sekil il

Bu kutulardaki seritlerden birisi Jekil Fdeki gibi
dikine, digeri ise Sekil IFdeki gibi kapagin gevresine
yerlestirilmastir.

Bir Ggretmen, ogrencilerinden bu iki seridin

uzunlugunu karsilagtrmalann istiyvor.

Bu duruma gire asagida verilen Ggrenci

yamtlanndan hangisi dogrudur?

&) Sekil Pdeki serit, Sekil ['deki seritten daha
kasadir.

B] Sekil Pdeki gerit, Sekil I'deki seritten daha
uzumdur.

C]  Sekil | ve Sekil II'deki seritlerin boylan esittir.

D} Sayisal bir deger olmadig icin bir ey
siylenemez.

E} Yeterince biyik toplar kullambdiginda Sekil
I"deki sent, S=kil I'deki serittendaha uzun oluwr.

Yukandaki saruya verdigim yamitin dogrulugundarn:

E

I =
£3 8¢
S5 53 s
5 4358
OlOIOI0IO

¢ .:r. '.!r'.""r i, e, fr

2)

Alan konusunu isleyen bir Sgretmen
dgrencilerine agagidaki soruyu soruyor.

Kenar uzunluklan 200 m we 100 m olan
dikddrtgen sekdind=ki bir arsa, kenarlanna dik
olan Z m genigliginde yollar agilarak sekildeki
gibi 3 parsele aynimistir Agilan yollann toplam
alam kag m” dir? [ oey 2005 — 7 Sng Som 21)

Soruya 1200 m® yanitima veren Ggrencinin,

aymi arsamin, aymi geniglikteld 3 yatay ve 3
dikey yol ile 16 parsele aynimas dururmunda
yollann toplam alanim kag m°bulmas: beklenir?

A} 1796 B)1791 C)1788 D) 1764 E)1800

Yukardaki soruya verdigim yanitn dogrulugundan:

Mg e da gl

[i] i
ui'rndcg 0
()] o

O
@canw'l'r

K @rars
Eminim
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3}

1 birim i 1 I i
et e ot ot s

Bir 8gretmen, Sgrencilerinden yukandaki
dikdidrtgensel balgenin alamm yaninda verilen birim
cinsimden Slgmelerini istiyor.

Bir 8grend, soruyu hatal olarak20 birim clarak
yanitlnyor.

Dgrencinin asagida verilen Grneklerden hangiya
da hangilerinde benzer sekilde hata yapmasi
beklenir?

I

T
L =
[]

CrT
m) CLdoL
| Sl
] L
Ll T

AlHepsi  BJLILIV  C)IL 0L, TV

D)L,V E)Yalnezlll

Yukanidaki soruya verdigim vamtin dogrulugundarn:

Hig emin degilim

Emén d agdim

@

O
|
D Qak aminin

¥, rarag o

=
-
5]

.r. ';F."‘-r - ol tr

4)
MEB &. Sinif Matematik Ogretim Programindaki
uyanlar dikkate alindiginda, asagida verilen
sorulardan hangisi ya da hangileri 6. Sinrf
seviyesinde werilen “Dikdartgenier prizmasinin
yizey aloruin hesapiar. "kazammimi dogrudan
olcmeye yoneliktir?

L Ayt uzuniuklan 30 om 40 om owe 20 am
olan kutunun biftin yizler ayna ile
kaplanmak istenirse, kag om® aynaya
ihtiyag olur?

[/ Yiizey alan 150 cm® olan bir
dikddrtgenler prizmasimin, iki ayrtimin
wzunlugu 10 cm ve 3 am ise diger
ayritimin uzunlugu kag om’dir?

[N Ayt uzuniuklan a b, colan
dikddrtgenler prizmasimin yizey alan
formilinidn “ 2{a.b) +Xb.c] + 2 {ac) *
oldugunu gasterin.

A} Yalmz|
B) Yalmzll
C) Yalmz I
D) 1, 1

E} 1,10, 10

Yukandaki soruya verdigim yanrtin dogrulugundan:

Mg emian degilm
Emandegim

K ararsgem
Emonim

E
[—4
E
@
&

O
O
O
O
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3)

Siifta alan konwsunu isleyen bir Sgretmen,
Ggrendilerinden azagda farkl bingikl ik teki
birimler cinsinden degerleri verilen geometrik
sekillerin zlanlanm karsilastrmalanm istiyor.

okl ] Skl
Deger: 5 birim bzire 30 birim Gggen

Ogrenci I Sekil 11, Sekil I'den biiyiilktir.
Saldl | Sakil I
Diagar: 26 birim bzire 15 biirim lcare

(Ogrencill_ sekil |, gekil IVden biyiktar.

Sekdi | Sekdl 1
Diefer: 12 em* Qe

Odrenci ll: Sekill, Sekil I'den bifyiiktiir.

Yukandakisayisal bilgilere dayanarak ifade edilen
dgrenci dnermelerinden hangisi ya da hangileri
her zaman dogru degildir?

A) 1,11, 1
B) 1,1

C) Yalmzl
D) Yalmz II
E] Yalraz Il

Yukaridaki soruya verdigim yamitin dogrulugundan:

Hig emin deg Bim

fn'ﬂtr;u.rr: ipin:pesenEmaty. edw. tr

6)

Yamuksal bolgenin alamm islemskte olan bir
ogretmen, dgrencilerine kizkenar bir yamuk modeli
verip, Sgrencilerinden yamuksal bélgenin alamim
bulmaya yonelik farkh stratejiler gelistirmelerini
istemistir.

Ogrencilerden gelen asafidakistratejilerden hangi
ya da hangileri herhangi biryamuksal balgenin
alamim bulmaya yinelik olarak genellensbilir?

1 /_\._b "".F'

Seklin esini sekildeki gibi ekleyersk
paralelkenarsal bdlgenin alan formilind
kullarp, yarisim almak.

7

Sekilde verildigi gibi yamugu iki Gggensel
bdlgeye ayinp, dggensel bolgenin alan
formdlidnd kullanip, alanlanm toplamak.

1) H = | 1

Kesik ¢izgili yerden kesip, sekildeli gibi
birlestirerek dikdortgensel bilgenin alan
formulind kullanmak.

A) LI, By, i,

o) Yalmiz I E} Yalmz Il

Yukardaki soruya verdigim yanitmn dodrulugundan:

Hig emin d efdm
Emondegim

K rarsg mmy
Emom

Gl aminim

[
O]
]
O
Ol

190



edutr

isim iy

7) 8) MEB Matematik Ogretim Programu dikkate
alindiginda, alan konusu ile ilgili asagidaki
vv verilen sorulardan hangisi 6. Sinif seviyesine
~ L T i
) Yandaki haritada tarah
Ogrencilerine dairenin alanim anlatmay planlayan balge 200 hektardir. Bu
bir Sgretmen daha dnceden haziramis cldugu A) alan kag dinimdiir?
daireyi e5 dilimler halinde keser ve yukandaki gibi
yeniden dizenler.
Paralelkenarsal bolgenin alan formalind kullanarak
dairenin zlan formiling elde ettirmeye calisir. Yandaki seklin alan
Siniftaki bir S8rend olusan yeni sekil efrilerden kag birimdir?
olustugu icin paralelkenarsal bdlgenin alan
formiilinin kullamlamayacagn iddia eder.

Yandaki krokide cap 200 m
olan havuz disinda kalan kag
m" dir?

Etkinlikteki matematiksel yaldasimi anlamakta giiglik
ceken bu Ggrencinin asagidaki durumlann hangi ya
da hangilerinde benzer sekilde disinip Ggrenme

giigligu yasamasi bekdenir?
Bir silindirin icinde yangap esit Yanda verilen taral
| oyun hamurundan yapimes bir bilgenin tamanm 36m™ dir.
1) ( kiirenin ezilerek, silindirin hacim o} IV numarzh bulraE_mn alani
formiliinden kirenin hacim aklagik kag m™ dir?
formidlinin elde adilmeasi.
E5 biyokliklerde olusurulmug
& . kare piramitlerden kiire
m olusturularak piramitin hacim AT
9 formilinden kirenin hacim . r r a
[ formdilanin elde edilmeasi. E " L F Sekil ll S em
15T pametggend ] | a7
kilrenin yilzeyinin a5 biyikdkteki L S
daire dilimleri ile kaplanarak, b s em
1] dairenin alan formilinden S - ;f“
m|m == e Sekilde verilen deferlere gire Sekil 1'nin alam
kag om"dir?
ALLILW B) W CL I D) Yalmz o E)Yalmzl Yukardaki soruya verdigim yanim dogruiudundan:

Yukandaki soruya verdigim yamtin dogrulugundarn:

Hig emin degim

O

O

D K& rarszmm
O Erninin
O Colk aminm

Emindegm

Hig emin deffm

O
Dimndﬂg ™
O
@]
@CFET’IT
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T iy i edifr

| icibosr,2r3rve 4r
i i varigaph silindirlerin

i N
P
s M | boylan sekildeki gibidir.
it 1 1 Silindirlerin her birisi
E ; }IH ' yarya kadar su ile
e T i dolduruldugu zaman
wfgvior Idikia ik
|_;_-‘|_:_l|_£_|_£_| aldi r su miktarlanm

siralayimz.
{ OFY 200052011 Smif Soru

Soruya "1 < Il <l < I¥™ gibi yanit veren bir
ogrend silindirin hacmine etki eden
degiskenlerden sadece birini dikkate alarzk
siralama yapmigtr.

Ogrencinin yasadig) bu giiglGET asmas: igin
asagrda verilen etkinliklerden hangisi
kullarlabilir?

A) Soruda yatay sekilde verilen silindirleri

dikey hale getirdikten sonra hacimlerini
kargilastirmak.

B Soruda yansi doldurulan silindirlerin
tamamim doldurduktan sonra hacimlerini
karzilagtrmiak.

C) Yilkseklikleri ayni taban alanlan farkh
silindirlerin hacimlerini karglagtirmal.

D} Yikseklkleri farkl taban alanlan aym
silindirlerin hacimlerini karslastimmak.

E) Sorudaverilen silindirlerin agnimlanm
gizerek hacimlerini kargilagormalk.

Yukondaki soruya verdigim yamitin dogruludundarn:

Hig emin degilim

gekil | zekilll
Esit uzunduktaki iki ipten ilkini iki esit, ikincisini Gg
esit pargaya bolerek Sekil | ve Zekil II'deki gibi
gemberler olugturulmustur.

Sinifta gember ve daire konusunu isleyen
Ggretmen Sgrendlerinden Sekil | ve Sekil I'deki
gemberlerin toplam gevreler ile gevrelediklen
toplam alanian karsilagtirmalanm istiyor.

Asagwda verilen 6grenci yanitlanindan hangisi
dogrudur?

A) Sakil | ve Sakil I'deki alanlar toplami ve
gevreler toplam esittir.

B) Sekil | ve Sekil |I'deki alanlar toplami esit,
fakat ekl I'deki ¢evreler toplam daha
biiyiskctiir.

C) Sakil | ve Sekil I'deki alanlar toplam esit,
fakat J=kil I'deki gevreler toplarm daha
kiigiilctir.

D) Sekil | ve Sekil |I'deki gevraler toplami esit,
fakat Jekil I'deki alanlartoplarm daha
byt

E) Sekil | ve Sekil |I'deki gevreler toplam esit,
fakat ekl I'deki alanlar toplarmi daha
kiigiilctir.

Yukandaki saruya verdigim yanitn dogrulugundan:

Hig aman dagim
Emin degim

W rarsam
Emem

Qok amansm

O
O]
O
O]
O
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11) 12)
Birim
1@ - Yanda verilen tuvalet
2em kagidimin sanldif) karton
‘;ﬂl‘l silindirin yangap 2 am ve
§ ) i sarikan tuvalet kagdinn
[ 1 3 __‘/ kalinhig) 6 e’ dir.

Prizmalarda hacim konusunu islemekte olan
dgretmen, igine birimler yerlestirilmis sekilde
dnden ve sagdan girindmd verilen dikddrtgenler Kagwdin rub 200 kez dolandid: diisiinilirse,
prizmasimin hacmini soruyor.

tuvalet kigdmn vzunlugu yaklasik kag
Bir &&renci prizmanin hacmini $x2x3=24 Birimolarak metredir?
buluyor.
Dgrencinin buldugu sonucun hatah oldugu Al 24 BE Cls0 D)j72 E)s6
biliniyorsa, bu hatanin kaynagl asagidakilerden
hangisi olabilir? Yukordaki soruya verdigim yanitin dogruiugundan:
A Kullamian birimin metrik Sigiler 5
werilmigtir. Sonug cm”® cinsinden 3 i - E
bulunmalidir. : E - ;
i 5 A ; 3
F & =4 3

B Kullaralan birim, kare prizmadir. Hacim

hesaplanirken kullamian birim “kip” @

ocdmalidir.

) Hacim ifade edilirken * 24 Birim" yerine 13)
34 Birim ™ kullanimahdir.
Koninin yiizey alan bagintisim ogrencilerle

o) :irimler yanlig '.rerlqtirlilmistir. Bu bagh birlikte siufta elde edecek bir GEretmen, konuya
esaplama sonucy yanligtir. baslamadan dnce Ggrencilerinde asagida verilen
E) Cisim dikddrigenler prizmasi iken, birim kauramiardan hangl ya da hangilerinde bilgi
kare prizmadir. Igine yerlestirilen birimle eksikligi clmadigindan emin olmalidir?

cismin 5ekli aym olmalhdir.
L Direnin alam

[/ Dire dilimin alam
HI.  Cemberin gevresi

. Yikseklik
Yukardaki soruyg vergigim yamtin dogrulugundar:
AL L BY L c) L
E
- . o) 1,0 E} Yalmz Il
5 % e E
E &2 2 EF & . ..
E 5 8 3 ; Yukandoki soruya verdigim yanitin dogrwlugundan:
T 5 &4 4 3
s Bt 5
QICIOI0I0

Hig & min d afiem
Eminm

Emndegim
Kaira ragem
Cok eminm

O
O
O
[@)
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14)

2 o Bir Ggrenci yanda
verilen dortgenin
gevresini 13 br

E olarak hesaplamistir.

Azagidaki drmeklerden hangisinde Ggrenci

benzer bir hata yapar?
a) B)
Fomatrkidst . . . . 'E:E‘I':éic.
c) D)

zEmrlﬁi kign

Yukaridaki soruya verdigim yanitn dogrulugundar:

D Hig emin degilim
O Emndegim
D Kararsram

O Emanim

C} ok aminim

i igirm igincy - odutr

15)

Olgme kavramim igleyen bir
ogretmen dersine resimdeki gibi
bir kova gistererek baglyor ve
simafta Sgrencileri ile birlikte
asagidaki etkinlikleri yapyor.

Dgretmenin sinifta yapmis oldugu etkinlilkderden
hangisi kovann bir Gzellifine iliskin Glgim
degildir?

A) Kovarun dis yiizeyini alan yaklagik 25 on’
olan kare seklindeki kagrtiarla kaplayp kag
parca yapistinldsgin saymak.

B} Kowvarun agzindacevresi yaklagik 3 cm olan
madeni para yuvarlayip paranin kag tur
yaptiZir saymak.

C] Suiginde saniyede 2 metre sabit hizla
cokebilen bir dhaz, su dolu kowva icine
attiktan sonra tabana wasana kadar gegen
siireyi olgmek.

D) Kovanin igini doddurduktan sonra esneme

3 o
katsayis (= FM o kg ©lan esnek bir iple asp
ipteki esneme miktanm digmek.

E) Koway yanm litrelik pet siselerdeki sularla
doldurup kag pet sise bosaltldiZim saymak.

Yukondaki soruya verdigim yantin dogrulugundan:

™

Mg amian dag
Emon deg fm

Kararsmm

E
[
E
L
-}
L=

Clol0IoIo

Eminim
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APPENDIX C
INTERVIEW PROTOCOL FOR PRESERVICE TEACHERS

GORUSME SORULARI

Sinavla ilgili genel olarak dikkatini ¢eken noktalar oldu mu?
a. Olduysa nelerdir?
b. Sinav hakkinda genel olarak ne diistiniiyorsun?

. Anlamakta gii¢liik ¢ektigin soru (lar) oldu mu?

a. Ne agidan giigliik ¢ektin?

b. Nasil olsa daha anlasilabilir olur?

Sinav sorularini kisaca bir hatirladiktan sonra,
a. Senin i¢in kolay olan sorular1 belirleyebilir misin?
I. Neden kolay olduklarini diisiiniiyorsun?
b. Senin i¢in zor olan sorulari belirleyebilir misin?
i. Ne agidan zorlandin?

. Ikilemde kaldigin sorular oldu mu?
a. Oldu ise hangi (leri) ?
b. Ikilemde kalmanin sebebi nedir?

. Testte gereksiz buldugun soru var mi1?

a. Ne acgidan gereksiz oldugunu diisiintiyorsun?

Secenekler yardimai ile sonuca ulasti§in sorular var mi?
a. Varsa hangi (leri) ?
b. Segenekler sana nasil yardim etti?

Sonucunun olmadigini diisiindiigiin soru (lar) var mi?
a. Hangileri? Neden sonucunun olmadigini diisiiniiyorsun?

Genel olarak sdylemek istedigin baska bir sey var mi1?
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APPENDIX D
INTERVIEW PROTOCOL FOR INSTRUCTORS

Isim:

Deneyim:

Agwrlikli olarak hangi dersler:

Dersin programi paylasim: Evet ...... Hayrr ......
00Y I:

Konular ve islenis:

OO0Y II:

Konular ve islenis:
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Ders kitabu:

Neden:

Ol¢cme konusu islenis:

Sinav soru érnekleri: Evet ...... Hayir ......

Grupla ilgili paylasmak istedikleriniz:
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APPENDIX E

OBJECTIVES ON MEASUREMENT CONCEPTS FOR GRADES 6-8 IN
TURKISH ELEMENTARY MATHEMATICS CURRICULUM

SINIF

Acilar1 Ol¢me

Tiimler, biitiinler ve ters agilarin 6l¢iilerini hesaplar.

Uzunluklar1 Olgme

Uzunluk 6l¢me birimlerini agiklar ve birbirine doniistiiriir.
Diizlemsel sekillerin ¢gevre uzunluklarini strateji kullanarak tahmin
eder.

Diizlemsel sekillerin ¢evre uzunluklari ile ilgili problemleri ¢ozer ve
kurar.

Cokgenlerin kenar uzunluklari ile ¢evre uzunlugu arasindaki iliskiyi
agiklar.

Alam Ol¢me

Alan 6lgme birimlerini agiklar ve birbirine doniistiiriir.

Diizlemsel bolgelerin alanlarini strateji kullanarak tahmin eder.
Diizlemsel bolgelerin alanlari ile ilgili problemleri ¢ozer ve kurar.
Dikdortgenler prizmast, kare prizma ve kiipiin yiizey alanlarin
hesaplar.

Dikdortgenler prizmasi, kare prizma ve kiipiin yilizey alani ile ilgili
problemleri ¢ozer ve kurar.

Zamanm (")lg:me

Zaman 6lgme birimleriyle ilgili problemleri ¢ézer ve kurar.

Hacmi Ol¢me

Dikdértgenler prizmast, kare prizma ve kiipiin hacmine ait bagintilari
olusturur.

Dikdortgenler prizmasi, kare prizma ve kiipiin hacmini strateji
kullanarak tahmin eder.

Dikdortgenler prizmast, kare prizma ve kiipiin hacmi ile ilgili
problemleri ¢6zer ve kurar.

Hacim 6lgme birimlerini agiklar ve birbirine doniistiirir.

Swvilar1 Ol¢me

S1vi 6lgme birimlerini agiklar ve birbirine doniistiiriir.
Hacimélgmebirimleriilesividlgmebirimleriarasindailigkiyiaciklar.
Sivi 6lgme birimleri ile ilgili problemleri ¢dzer ve kurar.

SINIF

Dogrular ve Agilar

Ayni diizlemde olan {i¢ dogrunun birbirine gére durumlarini belirler
(ve inga eder).

Yondes, ic, igters, dis ve dis ters agilar1 belirleyerek isimlendirir.
agiklanmasi)
Paralelikidogrununbirkesenleyaptigiagilarinesolanlarinivebiitiinlerola
nlarinibelirler.

Cokgenlerin kdsegenlerini, i¢ ve dig acilarini belirler.

Cokgenler Dértgenlerin kenar, ag1 ve kosegen 6zelliklerini belirler.
Cokgenlerikarsilagtirarakesolupolmadiklarinibelirlervebircokgeneesc
Eslik ve Benzerlik okgenlerolusturur.

Cokgenlerikarsilagtirarakbenzerolupolmadiklarinibelirlervebirgokgen
ebenzercokgenlerolusturur.
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Cember ve Daire

Cemberin 6zelliklerini belirler ve gember modeli insa eder.
Cemberin diizlemde ayirdig1 bolgeleri belirler.

Cember ile dogrunun iligkisini belirler.

Cember veya dairede merkez ag1 ve ¢evre aci ile bu agilarin gordiigi
yaylari belirler.
Ayniyayigorenmerkezacinindlgiistiilecevreaginindlgiisiiarasindakiilis
kiyibelirler.

Geometrik Cisimler

Dairesel silindirin temel elemanlarini belirler, insa eder ve aginimini
cizer.

Yiizlerinin farkli yonlerden goriiniimlerine ait ¢izimleri verilen
yapilari, birim kiiplerle olusturur ve izometrik kdgida ¢izer.

Doniisiim Geometrisi

Yansimayi agiklar.

Donme hareketini agiklar.
Diizlemdebirnoktaetrafindavebelirtilenbiragiyagoresekilleridondiirere
k¢iziminiyapar.

Oriintii ve Siislemeler

Cokgensel bolge modelleriyle bir bolgeyi doseyerek siisleme yapar.
Diizgiingokgenselbdlgemodelleriyleolusturulansiislemelerdekikodlari
belirler.

Yansima, 6teleme ve donme hareketleri ile siisleme yapar.

SINIF

Ucgenlerde Ol¢gme

Uggenlerde benzerlik sartlarini problemlerde uygular.
Pythagoras (Pisagor) bagintisini problemlerde uygular.

Dik tiggendeki dar agilarin trigonometrik oranlarini problemlerde
uygular.

Geometrik Cisimlerin
Hacimleri

Dik prizmalarin hacim bagintilarini olusturur.

Dik piramidin hacim bagmtisini olusturur.

Dik dairesel koninin hacim bagintisini olugturur.

Kiirenin hacim bagintisin1 olugturur.

Geometrik cisimlerin hacimleri ile ilgili problemleri ¢dzer ve kurar.
Geometrik cisimlerin hacimlerini strateji kullanarak tahmin eder.

Geometrik Cisimlerin
Yiizey Alanlar

Dik prizmalarin yiizey alaninin bagmtilarini olusturur.

Dik piramidin yiizey alaninin bagmtisini olusturur.

Dik dairesel koninin ylizey alaninin bagintisini olusturur.

Kiirenin yiizey alaninin bagntisini olusturur.

Geometrik cisimlerin yiizey alanlari ile ilgili problemleri ¢dzer ve
kurar.

Geometrik cisimlerin yiizey alanlarini strateji kullanarak tahmin eder.
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Summary of Commonly Addressed Measurement Concepts for Grades 6-8

Uzunluk 6lgme birimlerini agiklar ve birbirine doniistiiriir.

luéll"cr:lliklar Diizlemsel sekillerin ¢evre uzunluklarini strateji kullanarak tahmin eder.
Diizlemsel sekillerin ¢evre uzunluklart ile ilgili problemleri ¢ozer ve kurar.
Cokgenlerin kenar uzunluklari ile ¢evre uzunlugu arasindaki iligkiyi agiklar.
Alan 6lgme birimlerini agiklar ve birbirine doniistiiriir.

Diizlemsel bolgelerin alanlarini strateji kullanarak tahmin eder.

Alam . . . S -

- Diizlemsel bolgelerin alanlari ile ilgili problemleri ¢ozer ve kurar.

6. SINIF | Olsme Dikdértgenler prizmasi, kare prizma ve kiipiin yiizey alanlarini hesaplar.
Dikdoértgenler prizmasi, kare prizma ve kiipiin yiizey alani ile ilgili problemleri
¢Ozer ve Kurar.

Dikdoértgenler prizmasi, kare prizma ve kiipiin hacmine ait bagintilart olusturur.
. Dikdortgenler prizmasi, kare prizma ve kiipiin hacmini strateji kullanarak

Hacmi .

Ol¢me tahmlp eder. . . - . o
Dikdoértgenler prizmasi, kare prizma ve kiipiin hacmi ile ilgili problemleri ¢ozer
ve kurar.

Hacim 6l¢gme birimlerini agiklar ve birbirine doniistiiriir.
Cemberin 6zelliklerini belirler ve gember modeli insa eder.
Cemberin diizlemde ayirdig1 bolgeleri belirler.

Cember ve | Cember ile dogrunun iliskisini belirler.

Daire Cember veya dairede merkez a¢1 ve ¢evre agi ile bu agilarin gordiigi yaylar

7. SINIF belirler.
Aynryayigérenmerkezaginindlgiisiiilegevreacinindlgiisiiarasindakiiliskiyibelirler

Geometrik | Dairesel silindirin temel elemanlarini belirler, insa eder ve aginimini gizer.

Cisimler Yiizlerinin farkli yonlerden goriiniimlerine ait ¢izimleri verilen yapilari, birim
kiiplerle olusturur ve izometrik kagida ¢izer.

Ucgenlerde Eg%enlerde be_nzerlik saftlarlm problemlerde uygular.

Oleme yt agoras (P!Sagor) bag1nt1§1n1 problemlerde uygular.

Dik tiggendeki dar agilarin trigonometrik oranlarini problemlerde uygular.
Dik prizmalarin hacim bagintilarini olusturur.

Geometrik | Dik piramidin hacim bagntisini olusturur.

Cisimlerin | Dik dairesel koninin hacim bagintisini olusturur.

8. SINIF Hacimleri Kiirenin hacim bagintisini olusturur.

' Geometrik cisimlerin hacimleri ile ilgili problemleri ¢6zer ve Kurar.
Geometrik cisimlerin hacimlerini strateji kullanarak tahmin eder.
Dik prizmalarin yiizey alaninin bagintilarini olusturur.

Geometrik | Dik piramidin yiizey alaninin bagintisini olusturur.

Cisimlerin | Dik dairesel koninin yiizey alaninin bagintisini olusturur.

Yiizey Kiirenin yiizey alaninin bagintisini olusturur.

Alanlari Geometrik cisimlerin yiizey alanlari ile ilgili problemleri ¢dzer ve kurar.

Geometrik cisimlerin yiizey alanlarini strateji kullanarak tahmin eder.
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ILKOGRETIM MATEMATIK OGRETMENLIGI LISANS PROGRAMI

APPENDIX F

THE COURSE LOAD OF PRE-SERVICE MATHEMATICS EDUCATION
UNDERGRADRADUATE PROGRAM

I. YARIYIL IIl. YARIYIL
DERSIN ADI T|U|K DERSIN ADI T|U|K
A [Genel Matematk 41215 A |Soyut Matematk 3[0(3
GK |Tirkee I: Yazill Anlatm 210(2 A |Geometri 310(3
GK |Atatiirk llkeleri ve Inkilap Tarihi | 2012 GK |Turkge II: S6zIu Anlatm 2(0(2
GK |Bilgisayar | 2 | 2|3 | | 6K |Aatirk Iikeleri ve Inkilap Tarihi Il 21012
GK [Yabanci Dil | 310(3 GK |Yabanci Dil ll 310(3
MB [Egitim Bilimine Girig 31013 GK [Bilgisayar I 212(3
MB |Egiim Psikolojisi 31013
TOPLAM 16| 4 (18| |TOPLAM 18( 2 |19
lll. YARIYIL IV. YARIYIL
DERSIN ADI T|U|K DERSIN ADI T|U|K
A |Analiz | 41215 A [Analizll 41215
A |Lineer Cebir | 310(3 A [Lineer Cebir Il 31013
A |Fizik | 41014 A |Fizik Il 41014
A |Segmeli | 21012 GK [Secmeli | 31013
GK [Bilimsel Arastrma Yontemleri 2 [ 0] 2| | MB |Ogretm Teknolojileri ve Materyal Tasarmi 2123
MB [Ogretim ilke ve Yontemleri 3{of3
TOPLAM 18| 2 |19| |TOPLAM 16( 4 |18
V. YARIYIL VI. YARIYIL
DERSIN ADI T|U|K DERSIN ADI T|UJ|K
A [Analiz IlI 31013 A |Diferansiyel Denklemler 4104
A [Analik Geometri | 31013 A |Analitk Geometri II* 310(3
A |istatistk ve Olasilk | 21213 A |Istatistk ve Olasilk II* 2123
A [Cebire Girig 3(0f3 A |Ozel Ogretim Yontemleri || 2213
GK [Bilim Tarihi* 21012 GK |Tiirk Egitm Tarihi* 2102
MB [Segmeli | 210(2 GK [Topluma Hizmet Uygulamalari 112]2
MB | Ozel Ogretim Yontemleri | 2 [2]3 ] | mB|Olgme ve Degerlendirme 3(0(3
TOPLAM 17| 4 |19| |TOPLAM 17( 6 |20
VII. YARIYIL VIII. YARIYIL
DERSIN ADI T|U|K DERSIN ADI T|UJ|K
A |Elemanter Sayi Kurami* 31013 A |Matematk Felsefesi* 210(2
A |Segmelill 310(3 GK [Secmeli Il 31013
GK |Matematk Tarihi* 210(2 MB [Turk Egitim Sistemi ve Okul Yénetmi 210(2
MB |Rehberlik 3(01]3 MB |Ogretmenlik Uygulamasi 216 (5
MB |Okul Deneyimi 11413 MB [Segmeli Il 310(3
MB |Sinif Yénetimi 21012
MB |Ozel Egitim* 21012
TOPLAM 16| 4 |18| [TOPLAM 12( 6 |15
Teorik Uygulama Kredi Saat
GENEL TOPLAM
130 32 146 162

A: Alan ve alan egitimi dersleri, MB: Ogretmenlik meslek bilgisi dersleri, GK: Genel kiiltiir dersleri
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APPENDIX G
TEZ FOTOKOPISI iZIN FORMU

ENSTITU

Fen Bilimleri Enstitiist

Sosyal Bilimler Enstitiisii X

Uygulamali Matematik Enstitiisii

Enformatik Enstittisi I:I

Deniz Bilimleri Enstittisi

YAZARIN
Soyadi: ESEN

Adi : YASEMIN
Bolimii : ELE

TEZIN ADI (ingilizce) : DEVELOPMENT OF A TEST FOR ASSESSING
TEACHERS’ MATHEMATICAL CONTENT KNOWLEDGE FOR TEACHING
GEOMETRIC MEASUREMENT AT ELEMENTARY GRADE LEVEL

TEZIN TURU : Yiiksek Lisans Doktora [X

1. Tezimin tamamindan kaynak gosterilmek sartiyla fotokopi alinabilir.

2. Tezimin i¢indekiler sayfasi, 6zet, indeks sayfalarindan ve/veya

bir boliimiinden kaynak gosterilmek sartiyla fotokopi alinabilir.

3. Tezimden bir bir (1) yil siireyle fotokopi alinamaz. X

TEZIN KUTUPHANEYE TESLIiM TARIiHI:
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APPENDIX H

TURKISH SUMMARY

TURKCE OZET

[LKOGRETIM MATEMATIK OGRETMENLERININ GEOMETRIK
OLCME KAVRAMLARINI OGRETME BILGILERINI OLCMEYE YONELIK
TEST GELISTIRME

BOLUM 1

GIRIS

lgili alan yazim 1850’li yillardan bu yana &gretmenlerin
bilgilerinidlgmek icin &lgme araclarinin kullanildigini sdylemektedir. Olgme
araglarmin icerik ve formatlar1 kadar 6lgme degerlendirme yontemleri de bu
siirecte teorik cercevelerin dogrultusunda sekillenmistir. Baslarda kisa sinirli ve
agirlikli olarak kisisel goriismelerden olusan 6lgme degerlendirme formatlar
daha sonraki siiregte nitel, 6gretmenlik 6zelliklerine yonelik olarak tasarlanmig
daha kapsamli yontemlere yerini birakmistir. Egitim 6gretim siirecini etkileyen
faktorler arasinda belki de en Onemli yere sahip olan faktér 6gretmenlerdir
(Fullan, 2000). Bu noktada 6gretmenlerin hangi 6zelliklerinin egitim 6gretim

stirecini daha fazla etkiledigini belirlemek 6nem kazanmaktadir.

Yaklagik 1960’11 yillardan beri iizerinde yogunlukla ¢aligilandgretmenlik
bilgisi kavrami yillar boyunca hem teori bakimindan hem de arastirma metotlari

bakimindan ¢ok fazla degisiklik ge¢irmistir. Her ne kadar 6gretmenlerin sahip
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olmalar1  gereken yeterlikler teknik ayrintilariyla davramiglar olarak
ifadelendirilmis olsa da,Shulman (1986) ¢alismasinda o doneme kadar yapilan
caligmalarin 6gretmenlerin gozlenebilir 6zellikleri lizerine kurulu olmasina karsi
cikmis ve Ogretmenlik iizerine yapilan caligmalarin 6gretmenlerin diigiinme
yapilarindan bagimsiz olmasini elestirmistir. Hatta o giline kadar yapilan
caligmalardaki 6gretmenin biligsel yapisin1 g6z ardi eden bu yaklasimi “kayip
paradigma (missingparadigm) ” olarak degerlendirmistir. Ayn1 sekilde Leinhardt,
1990 yilindaki ¢alismasinda 6gretmenlik bilgisini 6gretmenlerin gézlemlenebilir
belli davranislar, 6grencilerin notlar1 ya da 6gretmenlerin sirf alana yonelik belli
smavlardan aldiklar1 notlara gore degerlendirilmesinin hatali sonuglar

iretebilecegine vurgu yapmistir.

Shulman bu gbézlemlerin lizerine 1986 yilindaki ¢alismasinda ogretmenlik
bilgisini siniflandirdigi yeni bir model ve varsayimlar iizerine kurdugu
Ogretmenlik bilgisinin alt alanlari1  sunmustur.Bu c¢alisma ve sonraki
caligmalarinda (Shulman, 1987) one siiriilen 6gretmenlik bilgisi modelitamamen
teorik ve varsaymmlar iizerine kuruludur. Ogretmenlik bilgisinin baslangictaki
agirlikli teorik yapisi, sonrasinda yapilan deneysel ¢alismalarla desteklenmis ve
desteklenmeye devam edilmektedir. Ornegin, matematik Ogretmenin sahip
olmasi gereken matematik bilgisinin, matematik alaninda ¢alisan herhangi bir
kisiden farkli olmasi gerektigini sdyleyen caligmalarin sayist her gecen giin
artmaktadir (Ma, 1999; Ball, 1993; Ball ve McDiarmid, 1990; Ball, 1991; Ball,
Lubienski ve Mewborn, 2001; Ball ve Bass, 2003; Mason ve Spence, 1999;
Stylianides ve Ball, 2008).

Bu noktay1 daha acik¢a belirtmek gerekirse, cok temel matematik
bilgisine sahip olan herhangi bir yetiskin V32 + 42 =v/52=5 islemini kolaylhikla
sonuclandirabilir.Fakat siif ortamlarinda sikca rastlanany32 + 42=v32+V/42 =
3+4 =7seklindeki 6grenci hatasinin nereden kaynaklandigini bulma, 6grencinin
yaptig1 bu yanlisla ilgili karsit 6rnekler olusturabilme, 6grencinin olusturdugu

yanlig c¢oziimstratejisi yerine dogrusunu olusabilmesi i¢in uygun ydntemin
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belirlenmesigibi gerekli 6gretmenlik bilgilerinin her biri pedagojik alan bilgisinin
ayr1 alt bilgi alanlarini olusturmaktadir (Ball, ve diger, 2001). Ogrencinin ulasmis
oldugu yanlis sonucu farketmenin yanisira sorunun nerden kaynaklandigini
bulmak, 6grencinin yanlis yapmasina neden olan diisiince sistemini farketmek,
Ogrencinin cevabiin yanlis oldugu konusunda onu ikna etmek, matematik
O0gretmenin sahip olmasi1 gereken Dbecerilerdendir. Hatta bu noktada
Ogretmenlerin konu ile ilgili 6grencilerin diistiikleri genel kavram yanilgilarini
bilmeleri, karsilasabilecekleri islem hatalar1 ve zorluklardan haberdar olmalari
gerekmektedir. Kisaca Ogretmenlik bilgisi dgrencilerdeki temel matematiksel
becerileri edindirmenin yani sira karsilasilan bir durumla ilgili 6grencilerin
yasadiklar1 zorluk ve problemlerin kaynaklarini tespit etme, problemlerle ilgili
¢Ooziim  yoOntemlerini bilme gibi derin  ve  bitiinciil  bilgi
gerektirmektedir.Ogretmenlik bilgisi ve alt alanlarmintanimlanmasinin ardindan
Ogretmenlerin ve dgretmen adaylarinin degerlendirmeleri amaciyla 6gretmenlik
bilgisine yonelik Olgme araglarinin  kullanilmast ve bu amaca yonelik

caligmalarin yapilmasi bir gereklilik haline gelmistir.
1.1. Cahsmanin Amaci

Bu c¢alisma kapsaminda ilkogretim matematik Ogretmen adaylarinin
uzunluk, ¢evre, alan ve hacim 6lgme konularinda 6gretim yeterliliklerini yonelik
bir test gelistirilmesi ve bu testin gegerlik gilivenirlik ¢aligmalar1 yapilmasi

hedeflenmistir.
1.2. Arastirma Sorusu

Gelistirilen Olgme Kavramlarmi Ogretme Bilgi Testi (OKOBT) ne
Olciide gecerlidir?

1.3. Calismanin Onemi

Ogretmenlik Bilgisi iizerine calisma yapan arastirmalar pedagojik alan
bilgisinin sadece var olmadigini ayn1 zamanda 6gretmenligin pek cok boyutuna

etki ettigini sOylemektedir (6rn. Ball, 1990; Grossman, 1999; Even, 1993; Mason
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veSpence, 1999; Wilkins, 2008). Pedagojik alan bilgisinin 6gretmenligin pek ¢ok
alanina etki yaptig1 kabul edilmesine ragmen bu kavramla ilgili pek ¢ok detay
heniiz net olarak tanimlanamamustir (Lee velLuft, 2008; Loughran, Mulhall
veBerry, 2008).Dolayist ile O6gretmenlik bilgisinin yapisi, alt boyutlari, bu
boyutlarin kendi aralarindaki iliskileri, birbirlerinden nasil ayristigt hala

arastirilmasi gereken konulardandir.

Burada arastirmacilarin hemfikir olduklar1 temel diisiincelerden birisi
ogretmenlik meslegini diger meslek gruplarindan ayiran bir bilgi alanin varlig
ve bu bilgi alaninin deneyimle birlikte gelistigidir. Ogretmenleri diger meslek
gruplarindan ayiran bir bilgi alaninin varliginda ortak goriisler olusmusken,
ogretmenlere yonelik hazirlanan testlerin pedagojik alan bilgisi kapsaminda ele
alinmasi bir gerekliliktir. Yapilan bu tez ¢alismasinin sonucunda ortaya ¢ikacak
tirtinler kadar, izlenilen yontemlerin detayli agiklanmasi 6gretmenlere yonelik

gelistirilecek testler ve yapilacak diger calismalar icin yol gosterici olacaktir.

Bu calismanin ilgili alan yazinina bir diger katkisi ise oOzellikle
Tiirkiye’de yapilan calismalar arasinda kapsam ve arastirma deseni olarak oncii
calismalardan birisi olmasidir. Tirkiye de Ozellikle pedagojik alan bilgisini
arastiran c¢alismalarin sayis1 yavas yavas artmaktadir. Bir diger ozelligi ise
Tiirkiye’de Ozellikle 6gretmenlik bilgisini dlgmeye yonelik gelistirilen ilk test
calismasidir. Calismanin sonuglarinin program gelistirenler, akademisyenler ve
biirokratlar i¢in uygulamaya yonelik sonuglar ortaya koymasi, ve literatiirde var

olan bu agiga 6rnek ¢oziimler sunabilmesi hedeflenmistir.

Bu amagla, arastirma kapsaminda gelistirilecek enstriimanla 6gretmen
adaylarmin 6lgme kavramlarini 6gretme bilgilerini nicel olarak Olgebilmesi
hedeflenmektedir. Bu kapsamda 6gretmenlik bilgisi i¢inde yer alan alt boyutlarin

detayli olarak incelenmesine olanak verecektir.
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BOLUM 2

ALANYAZIN CALISMALARININ INCELENMESI

2.1. Ogretmenlik Bilgisi

Ogretmenlik bilgisi konusunda calisan arastirmacilarortaya koydugu
ortak sonucu su sekilde Ozetlemek miimkiindiir. Arastirmacilar 6gretmenlik
mesleginin i¢inde digermesleklerdeki gibi (6rnegin:miihendislik, tip doktorlugu)
kendine meslek bilgisinin oldugunu ve bunu O&gretmenlik bilgisi diye
tanimlandigini belirtmislerdir. (Ball, Lubienski, &Mewborn, 2001; Ball, Hill,
&Bass, 2005).Yine bu konudaki arastirmacilar 6gretmenlik bilgisinin her disiplin
icin farkl gereklilikleri olmasi gerektigini sOylemekle beraber, ogretmenleri
konu hakkinda bilgi sahibi diger yetiskinlerden ayirdigini belirterek karakterize

etmislerdir.

Shulman’in1986 ve 1987 yillarinda yaptigi calismalar o6zellikle
Ogretmenlik bilgisini tanimlama konusunda c¢ikis noktasi olmus, sonrasinda
konuyla ilgili yapilan pekc¢ok caligmaya yol gosterici olarak 151k tutmustur.
Ozetlemek gerekirse,Shulman 1987 yilindaki ¢alismasinda dgretmenlik bilgisini
yedi bashk altinda kategorize etmis ve 68retmenlik bilgisinin bilesenlerini su

sekilde isimlendirmistir:
1) Alan Bilgisi,
2) Pedagojik Alan Bilgisi,
3) Miifredat Bilgisi,

4) Genel Pedagoji Bilgisi,
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5) Ogrencilerin ve Ogrenci Ozellikleri Bilgisi,
6) Egitim Ortam1 Bilgisi ve son olarak
7) Egitim ile ilgili Amaglar, Degerler, Felsefi ve Tarihsel Siire¢ Bilgisi.

Shulman yaptigi ilk c¢alismasinda (1986) Ogretmenlerin, mesleki
bilgilerini genel olarak: alan bilgisi, pedagoji bilgisi ve miifredat bilgisi olarak
tic temel baslikta simiflandirmigtir. Daha sonra ortaya koydugu modelde bazi
diizeltmeler yapmus ve ii¢ bilgi alaninin ismini alan bilgisi, pedagojik alan bilgisi
ve miifredat bilgisi olarak degistirmistir. Shulman’in yaptig1 bu tanimlamadan
sonra Grossman (1990) 6gretmenlik bilgisine yeni bir agilim daha getirmistir.
Grossman (1990) ilgili ¢alismasinda, 6gretmenlik bilgisini: genel pedagoji bilgisi,
alan bilgisi, pedagojik alan bilgisive ortam bilgisi olarak dort ana baslik altinda
toplamistir. Daha sonraki donemlerde Ogretmenlik bilgisini tanimlaya ve
siniflandirmaya yonelik ¢alismalarda yukaridaki 6rnekte oldugu gibi 6gretmenlik
meslek bilgisinin kapsam ve isimlendirilmeleri zaman zaman degisime
ugramistir. Fakat pedagojik alan bilgisi her ¢alismadaayr1 bashk altindayerini
almistir. Her ne kadar icerik ve diger bilgi alanlari ile olan iligkisi netlesmemis
olsa da biitiin ¢caligmalarda hem fikir olunan nokta pedagojik alan bilgisiningenel
pedagoji bilgisi ile alan bilgisinin harmanlanip ortaya ¢iktig1 yeni bir bilgi formu
olarak kabul edilmesidir.Shulman’in ¢aligmalarinda ortaya koydugu 6gretmenlik

bilgisinin bilesenleri ile ilgili genel bilgiler asagida basliklar halinde sunulmustur.

(@) Alan Bilgisi: (Content Knowledge) 6gretmenlik yapilan alanla ilgili

temel bilimsel bilgileri igeren alan,

(b) Pedagojik Alan Bilgisi: (Pedagogical Content Knowledge) alan
bilgisi ile pedagoji bilgisi arasinda kdprii konumunda olan ve bu iki bilgi alaninin

kaynasmasi ile ortaya ¢ikan yeni bir alan,
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(c) Miifredat Bilgisi: Ogretmenlik yapilan disiplinle ilgili konu
siralamalari,kavramlarin birbirleri ile olan iliskileri, derslerde verilmesi gereken

siralama bilgilerini i¢eren alan,

(d) Genel Pedagoji Bilgisi: Smif yonetimi, rehberlik gibi 6grencilerin yas
seviyelerine ve gelisimsel slireclerine bagli olarak davranis stratejilerini igeren

alan,
(e) Ogrencilerin ve onlarm dzelliklerinin bilgisi,
(f) Egitim ortamu ile ilgili bilgiler,

(9) Egitimin genel amaclarini, daha alt boyuttaki kazanimlarini1 ve bu

amagclarin felsefi ve tarihsel temelleri ile ilgili bilgiler.
2.2. Pedagojik Alan Bilgisi

Yukaridaki siniflandirmada 6gretmenlik meslek bilgisi ile dogrudan
iligkilipedagojik alan bilgisiniShulman 1986 yilindaki c¢aligmasinda su sekilde

karakterize etmistir;

[Pedagojik alan bilgisi] konu ve kavramlarin en islevsel
gosterimlerini bilme; konularin 6grenilmesini nelerin kolaylastirdigi yada
zorlagtirdigint ~ bilme; &grencelerin kavram  yanilgilarint  bilme;
kavramlarin anlasilmasi ve kavramsal yanilgilarin giderilmesine yonelik
analojiler, temsiller, 6rnekler, agiklamalar1 bilme; farkli yastaki ve farkl
seviyedeki O0grencilerin kavramlarla ilgili diisiince, algi ve Onbilgilerini
bilme[dir] (s. 9)

Pedagojik alan bilgisinin hem alan bilgisi hem de genel pedagoji
bilgisinden ayiran oOzelliklerini matematik 6zelinde su sekilde orneklemek
miimkiindiir. Bir matematik 6gretmenin bir matematik uzmanindan farkli olarak
ayrica bilmesi gereken bilgiler, pedagojik alan bilgisinin alan bilgisinden ayrisan
tarafini temsil etmektedir. Benzer sekilde pedagojik alan bilgisini, genel pedagoji
bilgisinden matematik O6gretmenlerini herhangi bir brangstaki &gretmenlerden

ayiran bilgiler olarak ayristirabiliriz.
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Hill, Ball, ve Schilling, (2008), Shulman (1986, 1987) yillarinda sunmus

oldugu daha cok teorik yapidaki 6gretmenlik bilgisini uygulama yonelik olarak

Ozellikle matematik Ogretimi yeniden agarakasagidaki modeli sunmuslardir.

Sunduklart modelde alan bilgisi ve pedagojik alan bilgisini iki ayr1 baslik olarak

tanimladiktan sonra her bir bilgi alanini li¢ ayrikategoride tanimlamiglardir.

Alan Bilgisi
(SubjectMatter Knowledge)

Alana Ozgii Genel
Bilgi

(Common Content
Knowledae (CCK)

Alana Ozgii
Ozel Bilgi

(Specialized
Content

Matematiksel
Diizlemdeki Bilgi

(Knowledge at
Mathematical
orizon)

Knowledge
(SCK))

| T

Alan ve Ogrenciler
Bilgisi

(Knowledge of
contentandstudents
(KCS))

Alan ve Ogretmenlik
Bilgisi

(Knowledge of
contentandteaching
(KCT))

\

_/

Pedagojik Alan Bilgisi
(Pedagogical Content Knowledge )

Miifredat
Bilgisi

(Knowledge
of curriculum)
AY

Figiir 2.1 Matematik 6gretimine yonelik 6gretmenlik bilgisi semasi

Ball, ThamesvePhelps, (2008) “Content Knowledge forTeachingWhatMakeslt
Special” Journal of TeacherEducation, 59 (5), p. 389-407 makalesinden aynen

alinmustir.

Figiir 2.1°’de verilen modeldeki kavramlardan kisaca bahsedilmesi

gerekirse;Matematiksel Diizlemdeki Bilgi, ¢ok temel matematiksel bilgilerini

igerir ve 0gretmenlik bilgisi ile dogrudan ilgili degildir.

Alana Ozgii Genel Bilgi: Shulman’mn tanimladig: Alan Bilgisiile paralellik

gostermektedir.

Bir matematik Ogretmeninin genel

olarak matematiksel

kavramlarla ilgili sahip olmas1 gereken bilimsel bilgileri igermektedir.

Alana Ozgii Ozel Bilgi: Matematik &gretmenlerinin  dgretecekleri

kavramlarla ilgili sahip olmasi gereken bilimsel bilgileri igermektedir. Bu bilgi
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alani yeni tanimlananbir kavram olmakla birlikte, sinif ortaminda ele alinmasi
gerekenmatematiksel kavramlar ¢ercevesinde tanimlanmigtir. Sinifta islenen her
hangi bir matematiksel gosterimin temsil etmesi gereken matematiksel diisiinceyi
ne kadar yansittigini, matematiksel diisiinceyi temsil ederken ne oranda zayif
kaldigin1 anlamaya yarayan bilgileri i¢ermektedir. Aymi zamanda sinif
ortamindakarsilasilanfarkli matematiksel ¢oziim yoOntemlerinin matematiksel
dogrulugunu ve genellenebilirliginitest edebilme bilgilerini igermektedir (Ball,

Hill&Bass, 2005, p 378).

Alan ve Ogrenciler Bilgisi: Matematik dgretmenlerinin 6grencilerin yas
seviyelerine uygun olarak onlarin karakteristiklerive gelisimsel siiregleri ile ilgili
bilgileri kapsamaktadir. Ogrenci karakteristiklerinin yan1 sira  onlarmn
hazirbulunusluk diizeyleri, 6grencilerin konuya 06zgii olarak algi sekilleri, bir
konuyu anlamada yasayabilecekleri zorluklar ve kavram yanilgilan ile ilgili

sahip olmasi gereken bilgileri icermektedir.

Alan ve Ogretmenlik Bilgisi: Matematik 6gretmenlerinin isleyecekleri
derslerde konu ve kavramlarin en islevsel gosterimlerini, konulari islerken
kavramlarin anlasilmasini kolaylastiran ya da zorlastiran etkenleri, kavram
Ogretiminde anlatimi kolaylastiran analojiler, 6rnekler, gosterimleri agiklamalar,
kavram yanilgilarinin giderilmesine yonelik kullanilabilecek ornekleri ya da

karsit 6rnekler ile ilgili sahip olmasi gereken bilgileri igermektedir.

Miifredat Bilgisi: Matematiksel kavramlarin siralamalari, matematiksel
kavramlarin birbirleri ile olan iligkilendirmeleri, disiplin i¢i ya da disiplinler aras1

iliskilendirmeler ile ilgili bilgileri icermektedir.
2.3. Pedagojik Alan Bilgisinin Olgiilmesi

Hill, Sleep, Lewis, ve Ball (2007) ¢alismalarinda 6gretmenlik bilgisinin
gecerli ve glivenilir sekilde dlgiilebilmesinin gerekgelerini i¢ temel baglik altinda

toplamaktadirlar. Ilki biirokratik bir gerekce olarak, gretmen atamalar1 sirasinda
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daha donanimli, meslegini gerektirdigi becerilere sahip dgretmenleri gecerli ve
giivenilir sekilde atayabilmek biirokratlarin ¢ok uzun yillardir ¢6ziim aradigi
sorunlardan birisidir. Bu anlamda 6gretmen atamalarinda kullanilabilecek gegerli
giivenilir dlgme araglarma ihtiyagc vardir. Ikinci olarak egitim fakiiltelerinde
verilen egitimin yeterli olup olmadigini test etmek, Ogretmen adaylarinin
Ogretmenlik meslegi i¢in gerekli becerilere sahip olup olmadiklarini
degerlendirmek, egitim fakiiltelerinin etkililigini test etmek i¢in akademisyenler
ogretmenlik bilgisini dlgebilecek d6l¢gme araglarina ihtiya¢ duymaktadirlar. Hill ve
arkadaglariin (2007) caligmasinda Pedagojik alan bilgisinin 6l¢iilmesine yonelik
bahsi gecen bir diger gerekge ise yine akademik amaglidir. Ogretmenlik
bilgisininyapisinianlayabilmek, hem kendi i¢indehem de diger bilimsel yapilarla
(construct) olan iliskilerini ortaya ¢ikarabilmesii¢in bu kavramin 6lglilmesine ve
dolayist ile Olgme araglarina ihtiya¢ duyulmaktadir. Teorisyenler kavramin
Olgiilebilmesine bagli olarak oOne siiriilen teorilerin  gegerliligini  test
edebileceklerini, Olgme sonuclarina bagli olarak ©ne siiriilen teorileri

iyilestirebileceklerini diistinmektedirler.

Fakat yine aym c¢alismada belirtildigine gore giliniimiize kadar
ogretmenlik bilgisini 6lgmeye yonelikyapilan calismalarin 6gretmenlik bilgisini
O0lcmeye yonelik olarak amacina hizmet etmedigi, elde edilen sonuglarin
ogretmenlik bilgisi agisindan problemli oldugunu sdylemektedir. Bu kapsamda
Ogretmenlik bilgisini test etmek amaci ile Ogretmenlerin lisans donemlerinde
aldiklar alan bilgisi ders sayisi, derslerde aldiklar1 notlar, sadece matematikalan
bilgisine yoneliksinav sonuglar1 ya da tam tersi sadece pedagojik bilgilerini
yonelik hazirlanmis smnavlar sonuglarinin 6gretmenlik bilgisine yonelik ¢ok

anlamli sonuglar vermedigi gézlemlenmistir (Monk, 1994)

Ozellikle pedagojik alan bilgisi taniminin  yapilmasindan sonra
ogretmenlik bilgisi ile ilgili ¢aligmalar daha ¢ok pedagojik alan bilgisi iizerine
odaklanmistir. Pedagojik alan bilgisini dlgmeye yonelik egitim alaninda belli bir

birikim olugmaya baslamistir. Bu anlamda literatiirde pedagojik alan bilgisini
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Olcmeye yonelik yapilan ¢aligmalar1 genel olarak ii¢ baslik altinda siniflandirmak

mumkuindiir.

Ilki kagit kalem testleridir, bu kategoriye Likert tiirii tutum &lgekleri,
coktan secmeli testler, agik u¢lu ve diger soru tiplerinde hazirlanmis yazili
smavlarin hepsi girmektedir. Bu alandaki sorularin hepsi 6gretmenlerin tutumlari,
inanglar1 ve konu ile ilgili alan bilgilerini 6l¢gmeye yoneliktir.. Kalem kagit
testlerinin uygulamasi ve ¢ok sayida Ogretmene ulasabilmesi gibi avantajlari
olmasina ragmen, hazirlanan Olgeklerdeyapr gegerliligini saglamanin ve
giivenirlik degerlerini yiiksek tutmanin zor oldugunu sdylenmektedir. Bir diger
husus ise, 6zellikle goktan se¢meli olarak hazirlanan test sorulari ile 6gretmenlik
gibi kendi i¢inde gayet karmasik ve ¢cok degiskeni olan bir kavrami isin 0zilinii

kagirmadan Olgiilebilmesinin bir hayli zor olmasidir (Hill ve diger, 2008).

Pedagojik alan bilgisini 6lgmeye yonelik tasarlanan bir diger kategori ise,
kavram haritalari, resimler, grafiklerle yapilan calismalardir. Bu kategori
Ogretmenlerin bilgilerini nasil iliskilendirdiklerini ortaya c¢ikarmaya yonelik
caligmalar1 icermektedir. Aym1 kavramlar lizerinde farkli 6gretmelerle yapilan
caligmalarda 6gretmenlerin beyinlerinde olusturduklar iliskilendirmeleri gorsel
hale getirmeye ¢alismaktadir (Baxter&Lederman, 1999). Fakat Kagan (1990) bu
yontemin kisa soluklu c¢aligmalar icin kullanildigin1 ve ortaya ¢ikan sonuglarin
ogretmenlerde kisa donemlidegisiklikleri ortaya ¢ikarmaya yonelik oldugunu
belirtmektedir. Bu kategorideki caligmalarla ilgili bir diger elestiri ise,
ogretmenlerin ¢aligmalar sirasinda ortaya koyduklar: iiriinlerin sahip olduklari

gercek diislinceler olup olmadigini test etmenin oldukga zor oldugudur.

Pedagojik alan bilgisini 6lgmek amaci ile kullanilan son 6lgme kategorisi
ise icerisinde birden fazla 6l¢cme degerlendirme metodunu barindiran karma
metotlardir. Bu kategori, yazili sinavlardan, miilakata, gozlemlerden goriismelere
kadar biitin halde uygulanan uzun soluklu calismalar1 icermektedir

(Baxter&Lederman, 1999). Bahsedilen bu son kategorinin icerik olarak zengin
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ve olduk¢a gegerli sonuglar verse de, uygulamada 6gretmen degerlendirmesi
acisindan hantal bir yapist oldugu aciktir. Hatta biirokratik olarak ¢ok sayida
O0gretmenin ise alim silirecinde uygulanmasi neredeyse imkansizdir. Ayrica bu
calismalarin replike ¢alismalarini yapmak olduk¢a zordur (Baxter&Lederman,
1999).
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BOLUM 3

CALISMANIN YONTEMIi

Bu c¢alismanin esas amaci ilkogretim matematik 6gretmen adaylarinin dlgme
kavramlarmi 6zellikle uzunluk, alan ve hacim 6lgme kavramlarin1 6gretme bilgilerini
Olgmeye yonelik ¢ok se¢meli bir test gelistirmekti. Bu amagla Downing (2006)
calismasinda Ozetlemis oldugu test gelistirme basamaklar1 birebir takip edildi. Test
gelistirme c¢alismast yapilirken, 2010 yili Sonbahar déneminden 2012 yili bahar
donemine kadar veri toplanmasi ve bu verilen tekrarl olarak analiz edilmesi hedeflendi.
Calisma kapsaminda 4 ana asamada veri toplandi. 1. asamada madde gelistirme ve pilot
calismalar yapildi. 2. ve 3. asamalarda maddelerin alan uygulamalar1 ve ¢ikan sonuglara
gore revizyonlart yapildi. 4. asamada ise calismanin gegerlilik analizleri yapildi.
Calismanin katilimcilar1 Tiirkiye’nin farkli bolgelerindeki 20 ilkdgretim matematik
ogretmenligi boliimlerindeki 4. simif 6grencileri ile ¢alisildi. Veri toplama siireci Tablo
3.1’de o6zetlenmistir. Kisaca bu sekilde 6zetlenen c¢aligma yontemi ile ilgili bilgiler bu

baslik altinda aciklanacaktir.
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Table 3.1 Test uygulama siirecinin 6zeti

Asama Zaman Araligi  Katilimcilar Amag Enstriiman Veri Tiirii Analiz
Eyliil 2010- 44 Ogretmen Test Testin 29 maddelik Nitel ve Nicel ~ Tema Analizi
Uygulama | Aralik Aday1 Gelistirme ve  versiyonu Veri
2010
27 Ogretmen Pilot Yar1 yapilandirilmis
Aday1 Uygulama goriisme
Uygulama Il Subat 2011- 1010 Ogretmen  Revizyon Testin 16 maddelik Nicel Veri Madde
Aday1 versiyonu — iki ayr1 Analizi ve
Mayis 2011 test formu Rasch Analizi
Uygulama Il Eyliil 2011- 99 Ogretmen Revizyon Testin 20 maddelik Nicel Veri Madde
Ekim 2011 Aday1 versiyonu Analizi ve N
Rasch Analizi
Uygulama IV  Subat 2012- 167 Ogretmen Gegerlilik Testin 15 maddelik Nicel Veri Madde
Nisan 2012 Aday1 calismasi versiyonu Analizi ve

Rasch Analizi




3.1. Uygulama |

Calismanin  birinci agsamasindaki amac¢ gelistirilen maddelerin nasil
calistiklarin1 gérmek soru maddelerinin hedeflenen yapisi ile Ortiisiip Ortiismedigini
test etmekti. Bu amagla test maddeleri hakkinda detayl bilgiler elde etmek i¢in 2010
yili Giiz doneminde gelistirilen test maddelerine dair nitel ve nicel iki tiir veri

toplanmistir.

Ilk olarak bir devlet iiniversitesindeki 44 (32 Kadin, 12 Erkek) gretmen
adayma 29 tane coktan se¢meli madde yoneltilmistir.Onlardan ¢oktan seg¢meli
maddelere yanit vermelerinin yani sira her bir soru i¢in tasarlanan agik uglu
bolimlerde (Bkz Ekler A), her bir soru ile ilgili nasil disiindiiklerini, nasil
cevaplama stratejileri gelistirdiklerini ve soru ic¢inde kurgulanan problemle ilgili

diisiincelerini detayl sekilde yazmalar1 istenmistir.

Bu uygulamadan sonra 27 (17 Kadm, 10 Erkek) 6gretmen aday1 ile yari
yapilandirilmis 40-60 dk siliren goriismeler diizenlemistir. Bu goériismelerin amaci,
Ogretmen adaylarinin sorular karsisinda nasil bir diisiince gelistirdiklerini yakindan
gormek ve gelistirilen test maddelerinin tasarlandig1 sekilde calisip caligmadigini

detayl1 inceleme firsat1 yakalamakti.

Toplanan veriler hem nicel hem de nitel analiz yontemleri ile incelenmis,
elden edilen bulgular 1s181nda test maddeleri revize edilmistir. Tam calismadigt
gozlemlenen 1 madde elenmis, benzer yapidaki maddeler birlestirilerek toplam 26

maddelik yeni bir madde seti olusturulmustur.
3.2. Uygulama Il

Ikinci asamadaki temel amac gelistirilen test maddelerinin Klasik Test
Teorisine ve Madde Tepki Kuramina gore nasil ¢alistigini incelemekti. Bu asamada
Uygulama I’den elde edilen bulgular 1s18inda revize edigsmis 26 maddelik yeni
madde seti uygulanmistir. Fakat Uygulama I’dekionemli gézlemlerden bir tanesi
uygulanan testin bir ders saatinden fazla zaman gerektiriyor olmasidir.Bu problemi
asmak adina 26 soruluk yeni madde setinin 6 maddesi ortak olacak sekilde, iki ayr1

paralel set halinde uygulanilmasina karar verilmistir.

Bu asamada 6zellikle Madde tepki Kurami agisindan anlamli sonuglar elde
edebilmek i¢in miimkiin mertebe ¢ok sayida 6gretmen adayina ulagsmak hedeflendi.

Bu amagla, Tiirkiye’nin hemen her bolgesinden olacak sekilde bilgisayar ortaminda
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rasgele secilmig 17 tniversitelerdeki ilkdgretim O6gretmenligi fakdiiltesinden 1010
Ogretmen adayi ile calistlmistir. Katilimcilara ait bilgilerin 6zeti Tablo 3.1°de

sunulmustur.

Tablo 3.1Katilimcilarin demografik bilgilerinin frekans dagilimi (n=1010)

Frekans (f) Yiizde (%)
Cinsiyet
Erkek 346 343
Kadm 649 64.3
Kayip Deger 15 1.5
Toplam 1010 100
Program Cinsi
1. Ogretim 615 60.9
2. Ogretim 393 38.9
Kayip Deger 2 0.5
Toplam 1010 100
Ogretmenlik Deneyimi (saat)
Yok 305 30.2
10 saatten az 115 114
11-20 saat 130 12.9
21-50 saat 187 18.5
51-100 saat 114 11.3
101 saatten fazla 159 15.7
Toplam 1010 100
Mezun oldugu lise
Diiz Lise 131 13.0
Anadolu lisesi 252 25.0
Anadolu Ogretmen Lisesi 478 47.3
Yabanm Dil Agirlikli Diiz 93 99
Lise
Kayip Deger 56 5.5
Toplam 1010 100

Elde edilen verilerle hem Klasik Test teorisine gére hem de Madde Tepki
kuramina goére madde analizi yapilmistir. Klasik Test Teorisine gore madde
istatistiklerini elde etmek i¢cin ITEMAN (Version 3.6 byAssessmentSystems
Corporation 1994), Rasch Analizi i¢inse BIGSTEPS (Wright &Linacre, 1991) paket

programlar1 kullanilmistir.
3.3. Uygulama 111

2.Asamadaki madde analizi sonuglarma gore 26 madde i¢inde daha iyi
calisan maddelerle yeni bir soru seti olusturuldu. Olusturulan 20 soruluk bu yeni
setteki maddelerin biitiinciil olarak nasil ¢alistigin1 gérmek amaci ile Ankara’daki 2

tiniversitede bulunan ilkogretim matematik 6gretmenligi fakiiltesi 4. Sinif 6grencileri
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ile 3. Asama uygulamasi yapildi. Bu asamada ¢alismaya 99 6gretmen adayi (79
Kadmn, 19 Erkek, 1 Kayip deger) katildi.ikinci asamadaki veri analizine benzer
sekilde bu asamada da Klasik Test Teorisi ve Madde Tepki kuramina gore madde
analizleri yapildi. Veri analizi sonuglarina dayanarak, en iyi ¢alisan 15 madde ile yeni

bir set olusturuldu ve bu set gegerlilik ¢alismalari i¢in 4. Asamada kullanildi.
3.4. Uygulama 1V

Son ve 4. Asamadaki olusturulan son madde seti 2011- 2012 6gretim yili
Bahar déneminde Ankara’da bulunan 3 iiniversitedeki (1 Ozel, 2 Devlet) ilkdgretim
matematik 6gretmenligi boliimlerindeki 168 (146 Kadin, 22 Erkek) 6gretmen aday1
ile gerceklestirildi. 2. ve 3. Asamadaki uygulamalardan farkli olarak, bu asamada
0zel Ogretim yontemleri derslerini tamamlarmis 3. Sif Ogrenciler de g¢alismaya
dahil edildi. Soru setinin 15 maddelik son hali 6gretmen adaylarina sunuldu, ve elde
edilen veriler onceki uygulamalara paralel olarak Klasik Test Teorisi ve Madde

Tepki kuraminda gore analiz edildi.
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BOLUM 4

SONUCLAR

Test gelistirme siireci siirekli veri toplamay1, toplanan verileri analiz etmeyi
ve sonuglar 151¢inda yeni degisiklikler yapip yeni uygulamalar yapmay1 gerektiren
bir siirecti. Bu amagla, 4 asamada toplanan veriler ve analiz sonuglar1 bu béliimde

kisaca 6zetlenecektir.
4.1. Uygulama |
Maddelerin Gelistirilmesi ve Pilot Calismast

Birinci agamadaki temel amag gelistirilen maddelerin istendik sekilde calisip
calismadigini test etmekti. Bu amagla 29 maddelik soru setini kullanarak nitel ve
nicel iki farkli veri toplandi. Nicel olarak madde istatistikleri belirlenirken, nitel data
analizi kapsaminda agik uglu sorulara verilen cevaplarin igerik analizleri ve yari
yapilandirilmis goriismelerin nitel analizleri yapilmistir. Bu analizlerin sonuglari,
maddelerin revizyonlarinda ve genis kapsamli uygulanacak yeni soru madde setlerin

olusturulmasinda kullanilmistir.

Acik uclu sorulara 6gretmen adaylarinin vermis oldugu cevaplar 0-2 aralifina
sahip derecelendirilmis puanlama anahtar1 araciligi ile kodlanmis. Burada O,
tamamen yanlis, yada bos cevaplar icin kullanilirken; 2 puan iginde
senaryolastirilmis problem durumunun tam tespiti, matematiksel olarak dogru
miidahale yontemlerini degerlendirmek igin kullamlmistir. Ogretmen adaylarmnin
coktan se¢meli sorulara vermis olduklar1 yanitlar ile yaptiklar1 agiklamalarin
ortalamalarin1 gosteren sonuglar Tablo 4.1’de sunulmustur. Bu tablodaki degerlere
gore yanlis cevaplanmis fakat kismen dogru ya da tam dogru gerekgelendirilmis
maddeler bir kez daha elden gegcirilmistir. Dogru- yanlis sayisi, agik uclu cevaplarin

ortalamalar1 ve madde {izerinde yapilan degisiklik Tablo 4.1°de verilmistir.
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Tablo 4.1 Agik uclu sorulara verilen cevaplarin icerik analizi ve bagli degisiklikler

Dogru Yanlig

Madde # Ortalama # Ortalama Degisiklik
VP1 1. 2 1. Maddenin yapis1  degisti

2 14 04 (KMY*)
LS2 19 153 0.64 Soru kalib1 ve gorsel degisti.
AP3 34 126 0.70 Degisiklik yok.
AP4 5 1.46 1.15 Maddenin yapisi degisti (KMY*)
APS5 32 0.69 0.50 Soru kalib1 ve gorsel degisti.
LS6 8 1.38 0.14 Soru kalib1 degisti.
LAP7 27 152 1.10 Celdiriciler LP28 ile birlestirildi.
MS8 13 110 0.74 Celdiriciler degisti.
VS9 27 0.61 0.24 Soru kalib1 vurgulu yapildi.
AP10 7 1.43 0.65 Soru kalib1 ve ¢eldiriciler degisti.
LS11 28 1.29 0.93 Celdiriciler ve gorsel degisti.
LS12 28 0.82 0.56 Celdiriciler ve gorsel degisti.
AS13 18 0.56 0.38 Soru kalib1 vurgulu yapildi.
LAP14 10 15 0.38 Soru kalib1 degisti.
AP15 38 1.47 0.00 Gorsel degisti.
LS16 14 15 0.24 Degisiklik yok.
AP17 0 0.00 0.74 Degisiklik yok.
VS8 29 1.72 0.67 Degisiklik yok.
AS19 23 1.00 0.29 Soru kalib1 ve gorsel degisti
MS20 17 112 0.52 Soru kalib1 ve celdiriciler degisti.
AP21 7 1.29 0.62 Maddenin yapisi degisti (BMY**)
AP22 Elendi
AS23 38 0.82 0.33 Degisiklik yok.
VvS24 15 0.93 0.10 Soru kalib1 degisti.
LAS25 37 1.05 0.29 Gorsel degisti.
AVP26 26 1.07 0.33 Celdiriciler ve gorsel degisti.
VvS27 11 0.82 0.67 Celdiriciler degisti.
LP28 31 148 0.46 Celdiriciler LAP7 ile birlestirildi.
LP29 20 1.35 0.58 Gorsel degisti.

KMY": Kompleks ¢oktan segmeli madde yapisi, BMY ™" Basit goktan segmeli madde yapisi

4.2.

Sonuclar

Uygulama 11

Ikinci uygulamanin temel amaci gelistirilen maddelerin Klasik Test Teorisi

ve Madde Tepki Kurami c¢ergevesinden nasil calistigini ortaya ¢ikarmakti. Bu

sebeple 6’s1 ortak olmak iizere 16 maddeden olusan iki ayri setleri i¢in Tirkiye

genelindeki 17 tiniversiteden toplanan veri ile analizleri yapildi.Hem Klasik Test

Teorisi hem de RaschAnalizi’nde kullanilan araglar kullanilarak her bir madde igin

istatistikler hesaplandi.

4.2.1. Test1 ve Test 2 icin Tek Boyutluluk Analiz Sonuclari
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Rasch Analizi kullanilarak Test 1 ve Test 2 icindeki maddelerin tek bir
yapisal boyutta olup olmadiklari test edildi. Analiz sonuglart hem Test 1
icindeki 16 madde hem de Test 2 i¢indeki 16 maddenin fit degerlerinin
beklenen 0.7 - 1.3 (Linacre, 2007) araliginda oldugu goézlemlenmistir.
Maddelerin ilgili bilgilerini 6zeti Figiir 4.1 ve Figiir 4.2’de sunulmustur.

ITEMS FIT GRAPH: MISFIT ORDER

e T +
|ENTRY| MEASURE | INFIT MEAN-SQUARE | OUTFIT MEAN-SQUARE | |
|NUMBR| - + 10 0.7 1 1.3 210 0.7 1 1.3 2| ITEMS |
| ====- Fo——————— Fm———— Fom——— +-——————— |
9 x * A * | aP5 |
| 12 * | * |B * | VS27 |
| 15] * | *. |C * | LS12 |
|11 x | * ID * | MS8 |
| 131 * | * |E * | vs18 |
- * |F * | aP3 |
I 10| * * |G * | AVP26 |
| 16| * | * | H * | VS24 |
T | Ih | AS19 |
|8l £ lg * | AP17 |
| 6| * *. | £ * | LAP14 |
| 71 * | *. e * | MS20 |
I x| *, ld * | P4 |
| 3 * | *. |c * | AP15 |
| 14 * | . | b * | AP10 |
o1 | *. la * | Ls2 |
ittt e +

Figiir 4.1 Maddelerin tek boyutluluk gostergesi (Test 1)

ITEMS STATISTICS: MISFIT ORDER

e +
|ENTRY RAW | INFIT | OUTFIT |PTBIS| |
[NUMBR SCORE COUNT MEASURE ERROR|MNSQ ZSTD|MNSQ ZSTD|CORR.| ITEMS |
| mm e fommm - fomm - fo———— fommm - |
| 14 379 395 -4.20 .2511.13 .5] .93 -.2|A .03| LAS25
| 9 119 383 -.07 .11/1.05 1.0]1.05 .6|B-.07| AVP26
| 16 127 389 -.15 .1111.03 .711.01 .1]C-.05| AP4
| 3 80 398 .51 .1211.03 .411.02 .11D-.04| BP13
|11 150 395 -.38 .1011.02 .511.01 .2|E-.02| LAP7
| 7 95 395 .28 .1101.01 .2] .98  -.2|F-.02| AP21
| 10 50 396 1.06 .1511.00 .01 .90  -.6]G-.01] VS27
| 8 172 396 -.63 .1011.00 .21 .97 -.5|H .00| MS20
| 15 88 356 .23 .1201.00 -.1] .96 -.4|h .01] LS16
\ 5 64 396 .78 .13] .99 -.1| .94 -.4|g .02| LAP14
| 6 37 389 1.37 .16/ .99 -.1| .83 -.9|f .05| Ls1l
| 1 53 394 .99 .14] .98 -.1] .91 -.6le .03| VPL
| 4 67 301 .37 .13] .98  -.2| .95 -.4|d .04| VS9
| 13 122 393 -.07 .11 .98 -.4] .98 -.3]c .02|] MS8 |
| 12 133 393 -.21 101 .97  -.6] .94 -.9|b .04| LP29 |
| 2 99 363 12 11| 97 -.6] 94 -.7]a .05| LS6 |
| mmm e fommm - fommmm - fo———= fommm |
| MEAN 115. 383 .00 1311.01 11 .96 -.3| | |
| S.D 78 24 1.21 04| .04 4| 05 4] | |

e +

Figiir 4.2 Maddelerin tek boyutluluk gostergesi (Test 2)
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4.2.2.

Test 1 ve Test 2 icin Madde-Kisi Grafigi

Rasch Analizinin kullanigh gostergelerinden birisi de maddeler ve

kisilerin yetenek kestirimlerini tek bir grafik lizerinde 6zetleyebilmesidir. Bu

grafik bize maddelerin kisilerle nasil eslestigini, madde zorlugunu ve kisilerin

yetenek kestirimlerinin sorular bazindaki dagilimi vermektedir. Bu bilgilerin

Ozetleri Figiir 4.3 ve Figiir 4.4 6zetlenmektedir.

MAP OF PERSONS AND ITEMS
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LS12

AP3
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<rare>|<more>

EACH '#' IN THE PERSON COLUMN IS

3 PERSONS;

EACH '.' IS 1 TO 2 PERSONS

Figiir 4.3 Soru ve kisi dagilim gostergesi (Test 1)
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Figiir 4.3’te gorildigi tizere maddeler (-3, +3) araliginda dengeli bir dagilim
gostermistir. Bir yerde kiimelenme olmamasi her bir maddenin farkli bir zorluk
derecesine sahip oldugunu gostermektedir. Ayni figiir lizerinde en kolay maddenin
AP15, en zor maddenin ise AP17 oldugu kolayliklar gdzlenebilir. Ote yandan,
kisilerin test sonug¢larmin dagilimi ise (-4, +1) araliginda olup beklenen (-3,+3)
araligindan sapma gostermistir. Bu sonuglara gore AP4, AP17 maddeleri

katilimcilarin yeteneklerinin iizerinde kalmistir.

Test 1’in sonuglarina benzer sekilde Test 2 i¢indeki maddeler de benzer bir
dagilim gostermistir. Test 2 i¢indeki maddelerin giicliik degerleri yiliksek ¢ikmis olsa
da lineer gosterge tizerinde beklendik araliklar i¢inde dengeli bir dagilima sahiptir.
Bu set igindeki maddeler (-3,+2) ) araliginda dagilim gosterirken, bu soru setini
cevaplayan katilimcilarin yetenek kestirimleri (-4, +1) araliginda olmustur. Bu set
icindeki yukarda olan LS11 en zor madde olarak gozlemlenirken, en altta yer alan

LAS 25 maddesi ise en kolay madde olmustur.
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MAP OF PERSONS AND ITEMS
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Figiir 4.4 Soru ve kisi dagilim gostergesi (Test 2)
4.2.3.Test 1 ve Test 2 icin Giivenirlik ve Ayirt Edicilik

Figiir 4.5 tizerinde 6zetlenen bilgilerle yola ¢ikarak Rasch Analizi sonucunda
Test 1’¢ ait madde giivenirlik indeksinin .99 ( >.90) oldugu, maddelerin zorluk

olarak yaklasik 9 kategoriye (with a Separation of 9.12) ayrildig1 goriilebilir.
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SUMMARY OF 16 MEASURED ITEMS

o +
[ RAW MODEL INFIT OUTFIT \
[ SCORE COUNT MEASURE  ERROR MNSQ  ZSTD  MNSQ  ZSTD |
| o |
| MEAN 140.3 462.1 00 12 1.00 1 .97 -1
| S.D 92.3 25.4 1.14 03 03 6 .09 .8
| MAX 400.0 473.0 2.25 23 1.06 1.1 1.06 1.4 |
| MIN 18.0 373.0 -2.82 09 95  -1.0 L77 -1.4
| |
| REAL RMSE .12 ADJ.SD 1.13 SEPARATION 9.12  ITEM RELIABILITY .99 |
|MODEL RMSE .12 ADJ.SD 1.13 SEPARATION 9.17  ITEM RELIABILITY .99 |
| S.E. OF ITEM MEAN .29

- +

Figiir 4.5 Madde Bilgileri Ozeti (Test 1)

Benzer sekilde Test 2 igindeki maddeler i¢in giivenirlik indeksinin .98 (
>.90),maddelerin zorluk olarak yaklasik 6 kategoriye (with a Separation of 6.97)
ayrildig: goriilebilir. Bu bilgiler Figiir 4.6’da 6zetlenmistir.

SUMMARY OF 16 MEASURED ITEMS

e +
| RAW MODEL INFIT OUTFIT

| SCORE COUNT MEASURE ERROR MNSQ ZSTD MNSQ ZSTD |
| = e !
| MEAN 136.3 482.6 .00 11 1.00 -1 1.01 -1
| S.D. 76.7 30.0 .76 .01 .02 .5 .08 L9 |
| MAX. 392.0 501.0 96 .13 1.04 7 1.14 1.6 |
| MIN. 60.0 380.0 -2.41 .09 96 -.9 .88 -1.5 |
| o |
| REAL RMSE .11 ADJ.SD .75 SEPARATION 6.97 ITEM RELIABILITY .98 |
|MODEL RMSE .11 ADJ.SD .75 SEPARATION 7.01 ITEM RELIABILITY .98 |
| S.E. OF ITEM MEAN = .20 |
e +

UMEAN=.000 USCALE=1.000
Figiir 4.6 Madde Bilgileri Ozeti (Test 2)
4.2.4.Klasik Test Teorisine gore Test 1 ve Test 2 icin Madde istatistikleri

Klasik Test Teorisinin araclar1 kullanilarak yapilan analiz sonucunda

Uygulama II’denelde edilen bulgular Tablo 4.2 ve Tablo 4.3’te 6zetlenmistir.

Madde gii¢liigii

ITEMAN sonuglarindaki (p) degerlerini dikkate aldigimizda maddelerin
giicliik olarak (p= .05) degerinden (p=.76) degerine kadar farkli degerlerde oldugu
gozlemlenmistir. Gugliik degeri .40’tan daha diisiik maddeler zor maddeler olarak
tanimlanmistir (Haladyna, 2004) ve bu bilgiye gore testin geneli katilimcilar i¢in zor
maddeler olmustur. Ideal giigliik degeri olan .50 civarinda ii¢ madde vardir: AP3 (p=
55), MS20 (p= .44), and LS12 (p= .51). Madde giigliiklerinin ortalamasi .30 olmasi

Test 1’in genel olarak zor bir test olarak algilandigin1 gostermektedir.
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Tablo 4.2 Madde istatistikleri (Test 1) (n=502)

Madde Istatistikleri Celdirici Istatistikleri (%)

Madde p D r A B C D E Omit
LS2 025 040 052 0.25+ 0.18 0.18 0.35 0.03 0.01
AP3 055 0.38 040 0.27 0.03 0.02 055+ 0.13 0.00
AP15 076 041 055 0.02 0.02 0.06 0.04 0.76+ 0.10
AP4 0.10 016 041 0.13 0.30 0.10+ 0.02 0.45  0.00
AS19 023 032 045 0.15 0.49 0.03 0.09 023+ 0.01

LAP14 0.19 0.23 0.37 0.16 0.18 022 019+ 024 0.01
MS20 044 041 041 0.44+ 0.09 0.09 0.17 020 0.01
AP17 005 0.07 0.34 0.28 0.08 0.37 0.05+ 020 0.01
AP5 028 031 034 0.28+ 0.07 0.02 0.11 052 0.00

AVP26 027 035 048 0.33 0.27+ 0.22 0.10 0.06  0.02
MS8 033 032 0.37 0.04 0.39 0.17 0.33+ 0.06 0.00
VvS27 012 011 0.24 0.40 029 012+ 0.08 0.10 0.01
VS18 015 024 048 0.22 0.10 0.36 0.15+ 0.15 0.02
AP10 014 022 0.39 0.47 0.14+ 0.13 0.21 0.04 0.00
LS12 051 039 0.38 0.18 0.14 0.04 0.09 051+ 0.04
VS24 036 041 0.46 0.14 0.14 020 0.36+ 005 0.11
+: Anahtar

Ayrrtedicilik

Iki madde ayirtedicilik indeksi bu asamada maddelerin nasil ¢alistigin
belirlemek noktasinda kriter olarak degerlendirilmistir. 1lki, madde analizi
sonuglarindaki D degerleri, bir diger ise point-biserial korelasyonudur. Bu noktada
40 ve lizerindeki D degerlerine sahip maddeler ayirtedicilik noktasinda iyi ¢alistig
kabul edilirken iken, .19 altinda degere sahip maddelerin ayirtedicilik noktasinda bir
daha gbzden gegirilmesi dnerilmektedir (Ebel & Frishie, 1986). Ote yandan, point-
biserial korelasyonunun 502 katilimec1 i¢in hesaplanan sahip olmasi gereken
minimum deger .09’dur (Crocker ve Algina, 1986). Crocker ve Algina (1986)
kriterine gore Test 1 igindeki biitlin maddelerin ayirtedicilik indeksinin diigiik
olmasina ragmen, bu degerler hala beklenen (.09 - .3) point-biserial araligindadir.
Her iki ayirt edicilik kriteri dikkate alindiginda bir sonraki uygulama icin 6zellikle
diistik giicliige sahip AP4, LAP14, AP17, VS27, VS18 ve AP10 maddelerinin bir kez
daha gozden gecirilmesi gerekmektedir.
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Tablo 4.3 Madde istatistikleri (Test 2) (n=506)

Maddelstatistikleri Celdiricilstatistikleri (%)

Madde P D r A B C D E Omit

VP1 015 014 0.25 0.30 0.32 0.08 0.13 0.15+ 0.01
LS6 024 027 045 0.30 0.21 0.13 0.04 0.24+ 0.09
AS13 019 014 0.26 0.42 0.02 0.15 019+ 021 0.01
VS9 0.17 018 0.38 020 017+ 0.12 0.18 0.09 0.25
LAP14 015 019 041 0.16 0.25 0.19 015+ 0.25 0.01
LS11 012 011 0.26 0.35 0.06 0.29 0.12+ 0.15 0.03
AP21 023 016 0.30 0.08 044 023+ 0.03 0.20 0.02
MS20 040 036 043 0.40+ 0.09 0.07 0.17 0.27 0.01
AVP26 028 0.18 0.32 025 0.28+ 0.27 0.09 0.08 0.04

VS27 0.16 011 0.20 0.39 0.25 0.16+ 0.08 0.11 0.01
LAP7 035 031 041 0.35+ 0.15 0.25 0.18 0.06 0.02
LP29 032 033 045 0.14 0.11 0.27 0.16 0.32+ 0.02
MS8 029 022 0.33 0.06 0.40 0.14  0.29+ 0.09 0.01
LAS25 0.77 027 044 0.08 0.03 0.04 0.77+ 0.07 0.02
LS16 022 024 0.37 0.15 0.14 0.22+ 0.31 0.07 0.11
AP4 029 030 0.40 0.13 0.30 0.29+ 0.05 0.21 0.03
+: Anahtar

Test 1°e benzer sekilde Test 2 i¢indeki maddelerin glicliik degerleri .12 ile .77
arasinda degerlere sahip oldugu ve Test i¢indeki 14 maddenin gii¢liik indeksleri .12
ile .35 arasinda degerler aldigi ve genel olarak Test 2 i¢indeki maddelerin giiglik
ortalamalarinin ise .27 oldugu goézlemlenmistir. Test 1’e benzer sekilde test 2 de

katilimcilar i¢in zor bir test olarak degerlendirilmistir.

Test 2 icindeki maddelerin ayirt edicilik indekslerinin sonuglarma
bakildiginda, 506 katilimct ic¢in hesaplanan minimum sahip olmasi gereken deger
.088’dir (Crocker ve Algina,1986) ve bu kritere gore Test 2 i¢indeki tiim maddeler
diisiik ayirt edicilik indeksine sahip olmasina ragmen beklenen (.088 - .3) point-
biserial araligindadir. Maddelerden D indeksleri .40 civarinda olan ii¢ madde (LAP7,
LP29, AP4) bir sonraki uygulamada aynen kullanilmasina, ii¢ maddenin (MSS8,
LAS25, LS16) c¢ok kiiciik degisikliklerle tekrarlanmasina, bes maddenin (VP1,
AS13, AP21, AVP26, VS27) tekrar gozden gegirilmesine ve kalan son 5 maddenin

ise bir sonraki uygulama i¢in elenmesine karar verilmistir.

Uygulama II sirasinda elde edilen verilerin madde analizi sonuglarina gore

Test 1 icindeki toplam 13 madde (LS2, AP3, AP15, AP4, AS19, AP5, AVP26, MS8,
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VS27, VS18, AP10, LS12, VS24), Test 2 igindeki toplam 11 madde (VP1, AS13,
AP21, AVP26, VS27, LAP7, LP29, MS8, LAS25, LS16, AP4) bir araya getirilerek

bir sonraki asamada kullanilmak iizere 20 maddelik Test 3 formu olusturulmustur.
4.3. Uygulama 11l

Uciincii uygulamanin temel amac1 Uygulama 11 sirasinda elde edilen verile
1s181nda yeni olusturulan Test formundaki maddelerin Klasik Test Teorisi ve Madde
Tepki Kurami gergevesinden nasil calistigini ortaya ¢ikarmakti. Bu sebeple 20
maddelik yeni set (Test 3) Ankara i¢indeki iki ayri tniversiteden 99 kisiden veri
toplandi. Toplanan verilerle hem Klasik Test Teorisi hem de RaschAnalizi’ndeki

araclarla madde analizi yapildi.

4.3.1. Test 3 icin Tek Boyutluluk Analiz Sonuclari

ITEMS STATISTICS: MISFIT ORDER

o +
|[ENTRY  RAW | INFIT | OUTFIT |PTBIS|

INUMBR SCORE COUNT MEASURE ERROR|MNSQ ZSTD|MNSQ ZSTD|CORR.| ITEMS |
| ——m e R fo—— - fommm - |
| 8 31 97 .03 .2211.09 1.011.20 1.4|A-.01| AVP26

| 4 23 96 .44 .2411.13 1.011.19 1.0|/B-.08] AP4 |
\ 14 34 95 -.16 .2111.08 1.011.09 .8/C .00| LAP7 [
| 11 25 96 .33 .2311.09 .711.03 .2|D-.01| VS24

\ 19 34 80 -.38 .23]1.06 .711.08 .71E .05] LP29 |
| 2 73 97 -1.96 .2411.02 .211.07 .4|F .07| AP3 [
| 7 42 97 -.49 .2111.05 .711.04 .41G .05] Ms8 |
| 16 15 95 .97 .2811.00 .011.02 .1|H .09] Vvs27

| 9 41 96 -.45 .2111.00 .011.02 L2101 .14 VvPl |
\ 17 22 94 .48 .2411.02 .11 .94  -.3]J .11] LsS16

| 1 42 97 -.49 .2111.01 .211.01 .113 .12 1s2 [
| 6 27 97 .23 .23 .99 .0 .92 -.5]1 .13| APS |
| 13 13 95 1.16 .29] .95 -.2] .99 .0lh .14] AP13 |
| 20 6 59 1.69 421 .98 .01 .76 -.6]g .14| Vvsls8

| 12 19 96 .70 .25] .98 -.1] .88 -.61f .16| AP21 |
| 10 44 96 -.59 .21] .96 -.5] .96 -.5]e .18| LS12 |
| 18 10 88 1.40 .33 .92 -.31 .80 -.61d .22| AP1O0 |
| 15 59 94 -1.33 211 .90 -1.3] .90 -.9]c .29] LAS25 |
| 5 21 97 .58 .24] .89 -.8] .75 -1.3|b .29] AS19

| 3 75 95 -2.16 25| 84 -1.1]| 67 -1.8la .38|] AP15 |
| ———m e fomm - o= tomm - |
| MEAN 33 93 00 .2511.00 11 .97  -.1| | |
| S.D 19 9 1.00 .05] .07 7| 14 8 |

e +

Figiir 4.7 Maddelerin tek boyutluluk gostergesi (Test 3)

Rasch Analizi kullanilarak Test 3 i¢indeki maddelerin tek bir yapisal boyutta
olup olmadiklar1 test edildi. Analiz sonuclar1 Test 3 igindeki 20 maddenin fit
degerlerinin beklenen (0.7 - 1.3) (Linacre, 2007) araliginda oldugu gézlemlenmistir.

Maddelerin ilgili bilgilerinin 6zeti Figiir 4.7°da sunulmustur.
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4.3.2. Test 3 icin Madde-Kisi Grafigi

Test 3 icindeki maddelerin kisilerle nasil eslestigi, madde giicliikk dagilimi, ve

kisilerin yetenek kestirimlerine ait bilgiler Figiir 4.8’da 6zetlenmistir.
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Figiir 4.8 Soru ve kisi dagilim gostergesi (Test 3)

Figiir 4.8’de goriildiigii iizere maddeler (-3, +3) araliginda dengeli bir dagilim

gostermistir. Bir noktda kiimelenme olmamasi her bir maddenin farkli bir zorluk
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derecesine sahip oldugunu gostermektedir. Ayni figiir iizerinde en kolay maddenin
AP15, en zor maddenin ise VS18 oldugu gozlenebilir. Ote yandan, kisilerin test
sonuglarinin dagilimu ise (-4, +1) araliginda olup beklenen (-3,+3) araligindan sapma
gostermistir. Bu sonuglara gore VS27, AP10, AP13, VS18 maddeleri katilimcilarin
yeteneklerinin iizerinde kalmistir. Maddelerin belli denge icinde lineer dagilim
gostermesi, sorulan giigliiklerinin belli bir denge i¢inde dagildigin1 gdstermektedir.
Bu durum ise kisilerin yeteneklerine gore maddelerin ayirt edicilikleri agisindan

olumlu sonuglar dogurmaktadir.
4.3.3. Test 3 icin Giivenirlik ve Ayirt Edicilik

Figiir 4.9 iizerinde 6zetlenen bilgilerle yola ¢ikarak Rasch Analizi sonucunda
Test 3’e ait madde giivenirlik indeksinin .94 ( >.90) oldugu, maddelerin zorluk

olarak yaklasik 3 kategoriye (with a Separation of 3.80) ayrildig1 goriilebilir.

SUMMARY OF 20 MEASURED ITEMS
ettt T e +
| RAW MODEL INFIT OUTFIT |
| SCORE COUNT MEASURE ERROR MNSQ ZSTD MNSQ ZSTD |
| = !
| MEAN 32.8 52.3 00 25 1.00 1 97 -1
| s.D 18.8 5.0 1.00 05 07 7 14 .8 |
| MAX 75.0 55.0 1.69 42 1.13 1.0 1.20 1.4 |
| MIN 6.0 34.0 -2.16 21 84  -1.3 67 -1.8 |
| = !
| REAL RMSE .25 ADJ.SD .97 SEPARATION 3.80 ITEM RELIABILITY .94 |
|[MODEL RMSE .25 ADJ.SD .97 SEPARATION 3.85 ITEM RELIABILITY .94 |
| S.E. OF ITEM MEAN .23 |
e +

Figiir 4.9 Madde Bilgileri Ozeti (Test 3)
4.3.4. Klasik Test Teorisine gore Test 3 Madde Istatistikleri

Klasik Test Teorisinin araglari kullanilarak yapilan analiz sonucunda

Uygulama III’ten elde edilen bulgular Tablo 4.4’te 6zetlenmistir.

Madde giicliigii

ITEMAN sonuglarindaki (p) degerlerini dikkate aldigimizda maddelerin
giicliik olarak (p= .05) degerinden (p=.76) degerine kadar farkli degerlerde oldugu
gbzlemlenmistir. Giigliikk degeri .40’tan daha diisiik maddeler zor maddeler olarak
tanimlanmustir (Haladyna, 2004) ve bu bilgiye gore testin geneli katilimcilar i¢in zor
maddeler oldugu goriilmiistiir. Ideal gii¢liik degeri olan .50 civarinda {ic madde
vardir: AP3 (p= .55), MS20 (p= .44), and LS12 (p= .51). Madde giigliiklerinin

ortalamasi .30 olmasi Test 1’in genel olarak zor bir test oldugunu gostermektedir.
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Tablo 4.4 Madde istatistikleri (Test 3) (n=99)

Item Statistics Alternative Statistics (%)
Item p D r A B C D E Omit

LS2 42 43 51 42+ 19 12 18 .06 .04
AP3 73 31 .28 22 01 .00 .73+ .02 .02
AP15 73 52 .46 00 .00 .05 .06 73+ .16
AP4 20 .23 .23 38 .03 .20+ .09 22 .09
AS19 28 34 .38 .08 .28+ .50 .03 .07 .05
AP5 32 29 25 32+ .01 .07 28 .30 .03
MS8 48 34 37 06 .24 18 .48+ .01 .04
AVP26 25 29 .25 28 36 .04 .25+ .05 .03
VP1 37 56 48 09 13 .05 34 37+ .03
Ls12 55 29 .23 .08 .15 .06 11 55+ .05
vs24 22 30 .32 16 11 22+ .25 10 17
AP21 17 .30 .26 A5 46 17+ .02 18 .03
AS13 21 23 24 52 .04 21+ 14 .06 .03
LAP7 46 42 52 46+ 03 .04 41 .03 .04
LAS25 .75 .45 43 A1 .02 .02 .75+ .05 .05
vs27 15 37 42 18 .18 .24 15+ 19 .07
LS16 20 47 41 A1 .16 .20+ 31 .07 16
AP10 .14 25 43 44 14+ 17 16 .04 .06
LP29 43 32 .27 26 .02 .10 15 43+ .05
VS8 11 15 15 19 12 38 11+ 13 .08

+: Anahtar

Uygulama III sirasinda elde edilen verilerle yapilan analizde ayirt edicilik
indeksleri .40 iizerinde olan LS2, AP15, VP1, LAP7, LAS25, ve LS16 maddeleri
hem giiclik hem de ayirt edicilik olarak c¢ok iyi ¢alismaktadir. Ayirt edicilik
indeksleri .30 civarinda olan AP4, AS13 ve AP10 maddeler ayirt edici olarak galisir
durumdadir. Madde gii¢liigii agisindan ise maddeleri (p=.11) ve (p=. 73) araliginda
normal bir dagilim gostermistir (Skewness = .784, andKurtosis = -.486). Test 3’iin
giicliik ortalamas1.36°dir. Test 1 ve Test 2 ile karsilastirildiginda Test 3’ilin giicliigi

biraz azalmis olsa da Halaydna (2004) kriterlerine gore hala zor bir testtir.

Yukarida madde indeksleri 6zetlenmis olan Test 3 iginde hala ¢ok zor olan
VS24, VS18; ayirt ediciligi diisiik olan LAP7, dogrudan alan bilgisine yonelik olan

LS12 maddeleri bir sonraki uygulama i¢in elenmistir.
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4.4. Uygulama IV

Dordiince ve son uygulamanin temel amacit kalan son 15 maddenin Klasik
Test Teorisi ve Madde Tepki Kurami c¢ercevesinden nasil c¢alistigini ortaya
cikarmaktir. Bu sebeple 15 maddelik yeni set (Test 4) Ankara icindeki ii¢ ayri
tiniversiteden 1686gretmen adayindan veri toplandi. Toplanan verilerle daha 6nceki
uygulamalarda oldugu gibi hem Klasik Test Teorisi hem de RaschAnalizi’ndeki

araclarla madde analizi yapildi.

4.4.1. Test 4 icin Tek Boyutluluk Analiz Sonuclari

ITEMS STATISTICS: MEASURE ORDER

o +
| ENTRY RAW | INFIT | OUTFIT |SCORE]

INUMBER SCORE COUNT MEASURE ERROR|MNSQ ZSTD|MNSQ ZSTD|CORR.| ITEMS |
[ mmmm - Fom fom to———= fom [
| 5 10 167 2.39 .3111.00 .011.26 .61 .15] AS19

| 13 24 165 1.43 .2111.04 .211.10 .41 .19] AP10

| 7 38 165 .86 .18(1.11  1.001.19 1.1] .17| AVP26

| 11 40 162 .77 .18] .97  -.3] .96 -.3| .32] Vs27

| 12 38 138 .62 .19/1.01 .111.01 .11 .28] Lsle

| 6 53 167 .39 .16] .98 -.3|1.01 .11 .34] As13

| 8 53 162 .36 .17] .88 ~-1.7|] .80 ~-1.8] .45| AP21

| 14 66 163 -.03 .1611.04 .711.04 .51 .30] LP29

| 4 69 165 -.05 161 .99 -.3| .96 -.5| .36| AP4

| 1 69 166 -.06 16| .87 -2.3] .83 -2.1| .48] Ls2

| 9 70 167 -.07 .1601.09 1.5/1.11 1.2] .26]| VPl

| 15 88 166 -.55 16] .96 -.7| .97 -.4| .40] Ms8

| 3 102 167 -.91 16/1.08 1.2(1.16 1.8] .28| AP4

| 10 145 166 -2.49 23] .99 0l .82 -.8] .39] LAS25

| 2 126 140 -2.67 28] .95 3] .97 -.1] .39| AP15

[ mmmm - e fomm o= fomm - [
| MEAN 66. 162 00 .1911.00 -.1]1.01 0l \ [
| S.D 36 9 1.27 .05] .06 0l .13  1.0] [ |
o +

Figiir 4.10 Maddelerin tek boyutluluk gostergesi (Test 4)

Rasch Analizi kullanilarak Test 4 i¢indeki maddelerin tek bir yapisal
boyutta olup olmadiklar1 test edildi. Analiz sonuglart Test 4 icindeki 15
maddenin fit degerlerinin beklenen 0.7 - 1.3 (Linacre, 2007) araliginda
oldugu gozlemlendi. Maddelerin ilgili bilgilerini 6zeti Figiir 4.10’da

sunulmustur.
4.4.2. Test4 icin Madde-Kisi Grafigi

Test 4 icindeki maddelerin kisilerle nasil eslestigi, madde giigliik dagilimi, ve

kisilerin yetenek kestirimlerine ait bilgiler Figiir 4.11°da 6zetlenmistir.
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Figiir 4.11 Soru ve kisi dagilim gostergesi (Test 4)

Figiir 4.11°de gorildigt tizere maddeler (-3, +3) araliginda dengeli bir
dagilim gostermistir. Dha 6nceki uygulama sonuglarina benzer sekilde bir noktada
kiimelenme olmamas1 her bir maddenin farkli bir zorluk derecesine sahip oldugunu
gostermektedir. Ayni figiir izerinde en kolay maddenin AP15, en zor maddenin ise

AS19 oldugu gozlenmektedir.. Ote yandan, kisilerin test sonuclarmm dagilimi ise (-
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4, +2) araliginda olup beklenen (-3,+3) araligindan sapma gostermistir. Test 4 i¢in
sadece AS19 maddesi katilimcilarin yeteneklerinin iizerindedir. Maddelerin belli
denge ic¢inde lineer dagilim gdstermesi, sorulan giigliiklerinin belli bir denge iginde
dagildigmi gostermektedir. Bu durum ise kisilerin yeteneklerine gore maddelerin

ayirt edicilikleri agisindan olumlu bir sonugtur.
4.4.3. Test4 icin Giivenirlik ve Ayirt Edicilik

Figiir 4.12 ftzerinde Ozetlenen bilgilerle yola ¢ikarak Rasch Analizi
sonucunda Test 4’¢ ait madde giivenirlik indeksinin .98 ( >.90) oldugu, maddelerin

zorluk olarak yaklagik 6 kategoriye (with a Separation of 6.36) ayrildig

goriilmektedir..
SUMMARY OF 15 MEASURED ITEMS
e +
| RAW MODEL INFIT OUTFIT |
| SCORE COUNT MEASURE ERROR MNSQ ZSTD MNSQ ZSTD |
| !
| MEAN 66.1 161.7 00 19 1.00 -.1 1.01 .0
| S.D 35.7 9.1 1.27 05 06 1.0 .13 1.0 |
| MAX 145.0 167.0 2.39 31 1.11 1.5 1.26 1.8 |
| MIN 10.0 138.0 -2.67 16 87 -2.3 80 -2.1 |
R eSS !
| REAL RMSE .20 ADJ.SD 1.26 SEPARATION 6.36 ITEM RELIABILITY .98 |
|MODEL RMSE .20 ADJ.SD 1.26 SEPARATION 6.42 ITEM RELIABILITY .98 |
| S.E. OF ITEM MEAN = .34 |
o +

UMEAN=. 000 USCALE=1.000
Figiir 4.12 Madde Bilgileri Ozeti (Test 4)
4.4.4. Klasik Test Teorisine gore Test 3 Madde Istatistikleri

Klasik Test Teorisinin araglart kullanilarak yapilan analiz sonucunda

Uygulama IV’ten elde edilen bulgular Tablo 4.5’te 6zetlenmistir.

Madde giicliigii

ITEMAN sonuglarindaki (p) degerlerini dikkate aldigimizda maddelerin
giicliik olarak (p= .05) degerinden (p=.76) degerine kadar farkli degerlerde oldugu
gbzlemlenmistir. Giigliikk degeri .40’tan daha diisiik maddeler zor maddeler olarak
tanimlanmstir (Haladyna, 2004) ve bu bilgiye gore testin geneli katilimcilar i¢in zor
maddeler olmustur. Ideal giigliik degeri olan .50 civarinda ii¢ madde vardir: AP3 (p=
55), MS20 (p= .44), and LS12 (p= .51). Madde giigliiklerinin ortalamasi .30 olmasi

Test 1’in genel olarak zor bir test olarak algilandigin1 gostermektedir.
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Tablo 4.5 Madde istatistikleri (Test 4) (n=168)

Madde istatistikleri Celdirici Istatistikleri (%)

Madde p D r A B C D E Omit
LS2 42 57 .50 42+ 22 11 14 .08 .02
AP15 84 45 .55 00 .00 .01 .02 84+ 14
AP4 62 .35 .28 06 .06 .62+ .14 12 .01
AP5 42 48 45 42+ .00 .02 .03 .50 .02
AS19 .28 45 44 06 .28+ .66 .00 .00 .01
AS13 33 .30 .29 48 .02 33+ 14 .02 .01
AVP26 20 21 19 18 53 .02 .20+ .04 .02
AP21 35 51 AT 23 .01 .35+ .26 12 .03
VP1 42 .26 .28 09 06 .28 42+ 14 .01
LAS25 .96 .13 43 01 .00 .01 .96+ .01 .02
VS27 .26 .28 .32 A5 17 35 .26+ .03 .04
LS16 .23 .30 31 14 12 23+ .23 .06 21
AP10 .14 16 21 39 14+ 22 19 .03 .02
LP29 42 .20 24 12 .01 .18 24 42+ .03
MS8 56 .43 .35 06 .12 21 .56+ .04 .01

+: Anahtar

Uygulama VI sirasinda elde edilen verilerle yapilan analizde ayirt edicilik
indeksleri .40 tizerinde olan LS2, AP15, AP5, AS19, AP21lve MS8 ayirt edicilik
indeksleri dikkate alindiginda bu asamada ¢ok iyi calismaktadir. Ayirt edicilik
indeksleri .30iizerinde civarinda olan AP4, AS13, ve LS16 maddeler ayirt edici
olarak iyi calisir durumdadir. Ayirt edicilik indeksleri .30 civarinda olan VP1 ve
VS27 ise ¢alisir durumdadir. Ote yandan, AVP26, LAS25, AP10 ve LP29maddeleri
ayirt edicilik indeksleri agisinda ¢ok zayif kalmiglardir. Testin en kolaymaddesinin
LAS25, en zor maddesinin ise AP10 olmas1 bu maddelerin ayirtedicilik indekslerinin

diistik ¢cikmasindaki pay1 biiytiktiir.

Test 4 i¢indeki maddeler (p= .14) ve (p=. 96) araliginda normal bir dagilim
gostermistir (Skewness = 1.15, and Kurtosis = .926). Test 4’iin gii¢liikk ortalamasi
43’tiir. Halaydna (2004) kriterine gore hala normal bir zorluk degerlerine daha
yakindir.

4.5. Gegerlilik Gostergeleri
Test Sonuclar: ve Rasch Yetenek Kestirimleri

Katilimcilarin Test 4’ten elde ettikleri sonuglar ile ve kisilerin Rasch yetenek

kestirimleri arasindaki 1iliski Pearsonproduct-moment korelasyonu yardimi ile
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incelenmistir. Analiz 6ncesinde korelasyon analizinin normallik, dogrusallik ve es
varyanslilikvarsayimlarinda herhangi bir problem gozlemlenmemistir. Yapilan
korelasyon analizi sonucunda kisilerin test sonuglari ile kisilerin yetenek kestirimleri
arasinda gii¢lii pozitif bir korelasyon [ 1=946, n=144, p=.00] oldugu

gbzlemlenmistir.
GPA andRawScores

Katilimcilarin Test 4’ten elde ettikleri sonuglar1 ile tiniversitedeki not
ortalamalar1 arasindaki iliski Pearsonproduct-moment korelasyonu yardimi ile
incelenmistir. Analiz 6ncesinde korelasyon analizinin normallik, dogrusallik ve es
varyanslilikvarsayimlarinda herhangi bir problem gozlemlenmemistir. Yapilan
korelasyon analizi sonucunda kisilerin test sonuglar1 ile not ortalamalar1 arasinda

ortalama pozitif bir korelasyon [r=.38, n=141, p=.00] oldugu gézlemlenmistir.
GPA andRaschMeasures

Katilimcilarin Rasch yetenek kestirimleri ile tiniversitedeki not ortalamalari
arasindaki iliski Pearsonproduct-moment korelasyonu yardimi ile incelenmistir.
Analiz oncesinde korelasyon analizinin normallik, dogrusallik ve es varyanshlik
varsayimlarinda herhangi bir problem gozlemlenmemistir. Yapilan korelasyon
analizi sonucunda kisilerin yetenek kestirimleri ile not ortalamalar1 arasinda ortalama

pozitif bir korelasyon [r=.40, n=141, p=.00] oldugu goézlemlenmistir.

238



BOLUM 5

TARTISMA VE SONUC

Bu c¢alisma kapsaminda ilkogretim matematik 6gretmen adaylarmmin 6lgme
kavramlarini 6zellikle uzunluk, alan ve hacim dl¢gme kavramlarini 6gretme bilgilerini
O0lcmeye yonelik ¢oktan seg¢meli bir test gelistirilmistir. Gelistirilen testin analiz
sonuclar1 aday oOgretmenlerin matematik Ogretme bilgilerini bir asamaya kadar
Olcebildigini gostermistir.Shulman (1986, 1987) calismalarinda tamamen teorik
olarak acikladig1 pedagojik alan bilgisinin uygulamada bir karsiliginin oldugunun

sinyallerini almak, bundan sonraki test gelistirme ¢aligmalari adina motive edicidir.

Bu calismanin ana amact matematik Ogretmen adaylarinin Glgme
kavramlarimi 6gretme bilgilerini yonelik coktan se¢cmeli bir test gelistirmekti. Bu ana
ama¢ dogrultusunda 6gretmen adaylariin 6zellikle hangi kavram yanilgilarina sahip
olduklari, nelerde zorluk yasadiklarin1 ¢cok detayli sekilde ortaya ¢ikarmak i¢in bagka
bir arastirma desenine ihtiya¢ oldugundan bu c¢alisma kapsaminda elde edilen
bulgular gézlem niteliginde kalmis, sonuglar boliimiiniin ilgili yerlerinde kisa notlar
halinde raporlanmistir. Bu gozlemler ve bu gozlemlere dayanarak matematik egitimi

acisindan sunulan oneriler su sekilde siralanabilir.

Cok temel olarak matematik Ogretmen adaylarmin 6lgme konusundaki
kavramsal bilgilerle ilgili ciddi sikintilar yasadiklar1 gdzlemlenmistir. Olgme
kavramlarinin altinda yatan matematiksel diisiinceleri anlamakta, diger matematiksel
kavramlarla iligkilendirmekte, matematiksel formiilleri anlamlandirmakta ciddi
giicliikler yagsamaktadirlar. Bu durumun sadece 6lgme ile sinirli olmadig1 vedgretmen
adaylarimin ve hatta g¢alisan Ogretmenlerin Ogrencilerle ayni zorluk ve kavram
yanilgilarina sahip olduklar1 yine literatiirdeki bilgiler arasindadir(6rn. Even,
1990;vanDriel, 1998, Ward, 2004). Literatiirdeki bilgilere benzer sekilde, bazi
O0gretmen adaylarinin test maddeleri iginde kurgulanan 6grenci zorluklarini birebir
yasadiklar1 ve kendilerinden bir O6gretmen olarak miidahale etmesi beklenen

durumlarda zay1f kaldiklar1 gézlemlenmistir.
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Ogretmen adaylarmin yasadiklar1 temel matematiksel bilgi eksikliklerinin
yant sira,birebir goriismelerde 6gretmen adaylari, 6grencilerin diisiinme yaklasimlari
ile ilgili deneyime sahip olmadiklarmi ve almis olduklar1 dersler kapsaminda bu
bilgilerinicok fazla sorgulamadiklarini ifade etmislerdir.Buna bagli olarak
ogretmenlik bilgilerini kullanmalar1 gereken {iist diizeydeki test maddelerinde daha
fazla zorluk cektikleri ¢alisma kapsamindaki gozlemlerden bir digeridir. Gelistirilen
testle ilgili yapilan analizlerde dogrudan matematiksel bilgi iceren maddelerin zorluk
ve ayirt ediciliklerinin daha iyi calistigi, pedagojik alan bilgisine yonelik hazirlanan
maddelerin ise gii¢liik ve ayirt edicilik indekslerinin beklenen degerlerden daha

diistik oldugu gézlemlenmistir.

Oysaki Shulman (1986) ¢alismasinda pedagojik alan bilgisinde iki ana vurgu
yapmistir. 1lki, pedagojik alan bilgisinin “bir kavrami baskalar1 icin anlasilabilir
yapmak i¢in en islevsel fikir, analoji, gosterim formiil gibi temsil sekilleri” (s.9)
icerdigini sOylemektedir. Bu noktada kiginin bir bagkasina bir fikri islevsel bir
formda aktarabilmesi i¢in Oncelikle kisinin kendisinin o kavramla ilgili fikirlerinin
net ve kapsamli olmas: gerekmektedir. Ikincisi ise, pedagojik alan bilgisine sahip bir
kisinin oOgrencilerle ilgili herhangi bir kavrami ogretirken o kavram Ogretimini
kolaylastiran veya zorlastiran etmenler ve dgrencilerin hali hazirda sahip olduklar

kavramlar ve 6n kavramlar ile ilgili bilgilere sahip olmas1 gerektigini sdylemektedir

(Shulman, 1986, s.9).

Bu amagla,6gretmen adaylariin 6grenciliklerinden beri getirdikleri zorluk ve
kavram yanilgilarinin lisans egitimleri sirasinda giderilmesi gerekmektedir.
Ogretmen adaylarma matematiksel kavramlar {izerinde diisiinmeleri igin firsatlar
taninmal1, 6zellikle temel matematiksel kavramlar ve bu kavramlarin dgretimine
yonelik derslere Onem verilmelidir. Matematiksel kavramlarin anlamlarinin
tartisilmasinin  yani sira kavramlar arast iliskilendirme, c¢oklu gosterimler ve

matematiksel diisiincelerin dogrulama ve ispat caligmalarina yer verilmelidir.

Ikinci olarak gretmen adaylarinin 6grencilerle ilgili bilgilerinin artirilmasi
gerekmektedir. Ogretmen adaylar1 ogrencilerin  karakteristiklerinin yan1 sira
karsilarina ¢ikan bir 6grenci durumunda 6grenciyi anlayabilmeli, 6grencinin yasadigi
zorlugu ya da kavram yanilgisim tespit edebilmeli, bu durumun kaynagi hakkinda
fikir sahibi olabilmelilerdir.Egitim fakiiltelerinden mezun olmadan 6nce 6gretmen

adaylarina literatiirlerde tespit edilmis 6grenci karakteristikleri, yatkinliklari, konu
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baglaminda yasadiklar1 zorluklar ve kavram yanilgilar1 verilmelidir. Bir diger oneri
ise, yine Ogretmenlik bilgisini giiclendirmeye yonelik olarak farkli 6gretim
metotlarima yer verilmeli, 68retmen adaylarinin duruma daha genis bir aciyla

bakabilmesi saglanmalidir.

Bir diger oneri ise dgretmen egitimi boyutundadir. Yapilan ara/alt analizler
sirasinda farkli tniversitelerdeki 6gretmen adaylarmin farkli cevaplama oriintiileri
olusturdugu gozlemlenmistir. Fakat, O0gretmen adaylarinin neden bu sekilde
cevaplama Oriintiileri olusturdugunu ortaya ¢ikarmak bu calismanin amaci disinda
oldugu igin detayli olarak raporlanmamustir. Universiteler arasinda bu sekilde
farkliliklarin ortaya ¢ikmasinda o6zellikle 6zel 6gretim derslerinin farkli iceriklerde
sunuluyor olmasi ve 6gretmen adaylarinin 6gretmenlik bilgilerinin olusumu sirasinda
bir standardizasyon olmadigindan kaynaklaniyor olabilir. Veri toplama calismalari
sirasinda 6zel 6gretim yOntemleri derslerini veren 6gretim iiyeleri ile goriismeler
yapilmis, yapilan goriismeler sirasinda tasarlanan ders igerikleri, kullanilan kaynak
ve yontemlerin farklilik gosterdigi gozlemlenmistir. Bu amacla yiiksek 6gretim
kurumunun belirlemis oldugu akreditasyon g¢aligmalarinin iizerine gidilmesine, her
egitim fakiiltesinde oOgretmen adaylarma benzer deneyimlerin sunulmasi
gerekmektedir. Ayrica Ogretmen adaylarinin  bu sekilde cevap Oriintiisii
olusturmasinin altinda yatan nedenleri bilimsel olarak ortaya c¢ikarmak i¢in farkli
desenlerde uzun soluklu ¢aligmalarin  yapilmasina ihtiya¢  vardir.Egitim
fakiiltelerinde bu c¢alisma kapsaminda gelistirilen test ve gelistirilebilecek benzer
testlerinbelli araliklarla uygulanmasini igerenuzun soluklu g¢alismalarin yapilmasi
mimkiindiir. Belli araliklarla uygulanan testlerin sonuglariegitim fakiiltelerdeki
Ogretim programlart ve Ogretmen egitimi i¢in ¢ok Onemli bilgiler sunacak ve
Ogretmenlik bilgisinin olugma siirecindeki kritik zaman dilimlerinin ortaya

cikarilmasi saglayacaktir.

Bundan sonraki 6gretmenlik bilgisine yonelik test gelistirme ¢aligmalari i¢in
sOylenebilecek oOneriler su sekilde Ozetlenebilir. Arastirmacilar pedagojik alan
bilgisinin yapist hakkinda heniiz ortak bir goriis olusturmus degillerdir. Hatta yapilan
caligmalarda yapisina dair kabul goren bazi dogrulanamadigi ortaya ¢ikmistir.
Ornegin, tek boyutlu oldugu varsayilan 6grenciler ve alan bilgisinin tek boyutlu
olmadig1 Schilling (2007) ¢alismasinda raporlanmistir. Bu belirsizlik durumutest

gelistirirken soru yazimindan, analizlerin belirlenmesine kadar pek¢ok alanda
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arastirmacilarin zorluk yasamasina neden olsa da Pedagojik alan bilgisinin kristalize
olmasi ve netlesmesi i¢in bu tarz c¢aligmalara ihtiya¢ vardir. Test gelistirme
calismalarinin sonuglar1 6gretmenlik bilgisine ait teoriyi, teorideki degisiklikler

Ol¢me araglarinin evrilmesini saglayacaktir.

Kulikowich ve Alexander(1994) 6gretmen ve 6grencilerin testlerde verdikleri
yanitlarin rasgele olmadigini, bu cevaplama yaklasimin altinda belli basli kavram
yanilgisi, zorluk gibi kimi bilgiler barindirabilecegini ifade etmistir. Dogru-yanlis
seklinde puanlanan test maddelerinin bu bilgileri tespit etme noktasinda zayif
kalacag: asikardir. Her ne kadar ikili puanlama tiiriiniin diger puanlama tiirlerine gore
psikometrik 6zelliklerolarak daha avantajli oldugu bilinse de, 6zellikle 6gretmenlik
bilgisi gibi oldukga kapsamli bir alana hitap eden testler igin 6zel yapilandirilmis
celdiricilerle dereceli puanlama yaklasimin bundan sonraki c¢aligmalarda daha

kapsamli bilgiler sunacag diistiniilmektedir.

Son olarak, bu calisma Ogretmenlik bilgisine yoOnelik test gelistirme
calismalarinin onciilerinden olan bu calismada elden geldigince test maddelerinin
islerligini gérmek adina elden geldigince kapsamli bir ¢alisma yiriitiilmustiir. Test
icindeki kimi maddelerin psikometrik degerleri, beklenen degerlerin altinda kalmis

olsa da, bu alanda yapilacak ¢alismalar i¢in umut vadedici sonuglar elde edilmistir.
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