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ABSTRACT

AN INVESTIGATION OF 7" GRADE STUDENTS’ STATISTICAL
LITERACY ABOUT THE CONCEPTS OF AVERAGE AND VARIATION ON
BAR AND LINE GRAPHS

Catman Aksoy, Emine
M.S., Department of Elementary Science and Mathematics Education

Supervisor: Prof. Dr. Mine ISIKSAL BOSTAN

September 2018, 288 pages

The aim of the present study was to analyze statistical literacy of seventh grade
students on the concepts of “average” and “variation” on bar and line graphs
related to the data obtained from social or scientific contexts. More specifically,
seventh grade students’ statistical literacy levels in terms of the concepts of
“average” and “variation” on bar and line graphs related to the data obtained from
social or scientific contexts were determined and how students at different
statistical literacy levels define, interpret and evaluate the concepts of average and

variation was investigated.

Participants of the study were 164 seventh grade students from two public middle
schools in Akyurt and Cankaya district of Ankara. Data of the study were collected
via Statistical Literacy Test (SLT) during the spring semester of 2017-2018
academic year. Obtained data were analyzed using the statistical literacy
framework of Watson and Callingham (2003) which consists of six hierarchical

levels, beginning from Level 1 to Level 6.
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The findings of the study indicated that statistical literacy levels of the students
were generally higher in the average concept when compared to determined
statistical literacy levels related to the concept of variation. While most of the
students generally performed at Level 3-4 in the framework of Watson and
Callingham (2003) in the questions related to average concept, most of them
performed at Level 1-2 in the questions related to the concept of variation. To state
it differently, while most of the students could interpret the concept of average on
bar and line graphs, most of them had difficulty in interpreting the variation
concept on bar and line graphs related to the data obtained from social or scientific
contexts. Moreover, almost all students had difficulty in evaluation of the average
and variation concepts on bar and line graphs related to the data obtained from
social or scientific contexts. Lastly, while students’ interpretations and evaluations
of the average concept when data were presented on bar and line graphs did not
differ much from the current studies in the literature, bar and line graphs seems to

be helpful for students in evaluation of the concept of variation.

Keywords: Statistical Literacy, Average, Variation, Bar and Line Graphs, Middle
School Students
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YEDINCI SINIF OGRENCILERININ
ORTALAMA VE DEGISIM KAVRAMLARI IiLE ILGILI ISTATISTIKSEL
OKURYAZARLIKLARININ SUTUN VE CiZGi GRAFIGINDE INCELENMESI

Catman Aksoy, Emine

Yiiksek Lisans, [lkdgretim Fen ve Matematik Alanlar1 Egitimi Béliimii
Tez Yoneticisi: Prof. Dr. Mine ISIKSAL BOSTAN

Eyliil 2018, 288 sayfa

Bu caligmanin amaci ortaokul yedinci sinif dgrencilerinin ortalama ve degisim
kavramlar ile ilgili istatistiksel okuryazarliklarini siitun ve ¢izgi grafiginde sosyal
veya bilimsel baglamlarda sunulan veriler kullanarak incelemektir. Bu baglamda,
bu calisma yedinci simif 6grencilerinin ortalama ve degisim kavramlart ile ilgili
istatistiksel okuryazarlik seviyelerini siitun ve ¢izgi grafiginde sosyal veya bilimsel
baglamlarda sunulan veriler kullanarak belirlemeyi ve farkli istatistiksel
okuryazarlik seviyelerine sahip Ogrencilerin ortalama ve degisim kavramlar ile

ilgili tanimlarini, yorumlarini ve degerlendirmelerini arastirmaktadir.

Calismaya Ankara’nin Akyurt ve Cankaya ilgesinden 164 devlet okulu 6grencisi
katilmugtir. Veriler Istatistiksel Okuryazarlik Testi (IOT) araciligiyla 2017-2018
ogretim yili bahar doneminde toplanmustir. Ogrencilerin cevaplari Watson ve
Callingham (2003)’mn Seviye 1’den baslayan ve hiyerarsik olarak Seviye 6’ya

kadar devam eden istatistiksel okuryazarlik ¢ercevesi kullanilarak incelenmistir.

Calismanin bulgular1 6grencilerin  ortalama kavrami ile ilgili istatistiksel

okuryazarlik seviyelerinin degisim kavramina nazaran daha yiiksek oldugunu
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gostermistir. Ortalama kavramini igeren sorularda ¢ogu Ogrencinin istatistiksel
okuryazarlik seviyesi Seviye 3-4 olarak belirlenmistir. Fakat degisim kavramini
iceren sorularda ¢cogu dgrencinin istatistiksel okuryazarlik seviyesinin ¢ergevede ilk
iki seviye olarak belirtilen Seviye 1-2 oldugu goézlemlenmistir. Diger bir deyisle,
cogu Ogrenci ortalama kavramini siitun ve ¢izgi grafiginde sosyal veya bilimsel
baglamlarda sunulan verilerde yorumlayabilirken, 6grencilerin degisim kavraminin
yorumlanmasinda zorluk yasadiklar1 goriilmiistiir. Ayrica, hemen hemen biitiin
ogrencilerin ortalama ve degisim kavramlarini siitun ve ¢izgi grafiginde sosyal
veya bilimsel baglamlarda sunulan verileri degerlendirmede kullanmakta zorluk
yasadiklart sonucuna ulasilmistir. Son olarak, verilerin siitun veya ¢izgi grafigi
tizerinde sunulmasinin O6grencilerin ortalama kavraminin yorumlanmasi ve
degerlendirilmesinde ¢ok bir etkisi goziikmezken, silitun ve c¢izgi grafiklerinin
ogrencilerin degisim kavrami ile ilgili degerlendirme yapmasinda yardimer oldugu

gorilmiistiir.

Anahtar kelimeler: Istatistiksel Okuryazarlik, Ortalama, Degisim, Siitun ve Cizgi

Grafigi, Orta Okul Ogrencileri

Vil



To My Family and My Lovely Husband

viii



ACKNOWLEDGEMENTS

First of all, I would like to express my deepest gratitude to my advisor Prof. Dr.
Mine ISIKSAL-BOSTAN. I always felt that you are like my mother who helped
me in both academic and personal issues. Thanks for answering my endless
questions even in your holidays, your valuable feedbacks and continuous support
throughout this process. This study would not have been come to this point without

you. Thanks a million for everything.

I would also thank to my committee members, Assoc. Prof. Dr. Elif YETKIN-
OZDEMIR and Assist. Prof. Dr. Serife SEVINC for their feedback, suggestions

and encouragement for my study.

Special thanks go to my mother, Selime CATMAN, my father, Zeki CATMAN and
my little brother, Sefa CATMAN. I always felt your love, encouragement and
believe in me throughout my life. I wish to express my sincere thanks to my
mother, who did not leave me alone even in a minute and listened and encouraged

me every time. This study would not have been finished without you.

I also want to present my deepest appreciation to my brother, ismail CATMAN,
who became both a father and mother to me during my undergraduate education
and encouraged me to continue graduate education. Thank you for your continuous
love and support to me throughout my life. I also want to thank to the lovely wife

and son of my brother, Reyhan CATMAN and Mehmet Alp CATMAN.

I wish to express my sincere thanks to my sweet cousin, Ceren Kezban GUL who

always believed and encouraged me during this process.

I would like to extend my appreciation to my dear friends, Mukaddes INAN,
Mehtap OZEN, Ayca ALAN and Semanur KANDIL who supported me in every
step of this study. Semanur KANDIL, thank you for your help in this study and
answering my endless questions.

X



Special thanks go to my cute friends El¢in ERBASAN and Nurbanu DURAN. You
have always been there for your help. Thank you for not leaving me alone in this

process. I am very lucky to have friends like you.

I would also like to teachers, Zelal YALVAC, Didem YORGANCI, Kiirsat
YORGANCI, Mestan Amil DEMIR and Hiiseyin SENEL, for separating their
valuable time for my study. I also thank to lovely students who contributed to this

study.

I want to present my deepest appreciation to Mustafa KAPUKAYA, my dear
teacher. Thank you for your continuous support even in your holiday. I am so lucky

to have a teacher like you.

I wish to express my thanks to TUBITAK for the financial support during my

master degree study.

Last, but by no means least, extra special thanks go to my lovely husband Fethi
Barig AKSOY. Thank you for your everlasting love, support and patient. Thank
you for sharing my tears every time. This study would not have been finished
without you. I also thank to the family of AKSOY, Ibrahim AKSOY, Ummii
AKSOY and Nazli AKSOY for their support and patient during this study.



TABLE OF CONTENTS

PLAGIARISM ..ottt ettt be b e i

ABSTRACT ...ttt ettt et sttt ettt et sbe e v

OZ ettt vi

ACKNOWLEDGEMENTS ..ottt ix

TABLE OF CONTENTS ...ttt xi

LIST OF TABLES ...ttt ettt s Xiv

LIST OF FIGURES ....coiiiiiiiiiieeeeee ettt XVi

LIST OF ABBREVIATIONS ..ottt XX
CHAPTER

1. INTRODUCTION ....oiitiiieiiiiieieietesteeit ettt sttt ettt ese et 1

1.1 Purpose of the Study ......c.cooiiiiiiiieieee e 5

1.2 Definitions of Important TErmS ..........ccceeeuieriieiiienieeiierie et 5

1.3 Significance of the StUAY .......cceeviieiiiiiiiiee e 6

2. LITERATURE REVIEW ....ocoiiiiiiiiiiiiiieeeeee e 13

2.1 LAEETACY vvvieiiieiiieeite ettt ettt et ettt e s e e sate et eesebeensaesabeenbeeesseenseesnseenne 13

2.2 StatiStical LItETACY ...ccvvieriieriieiieeiieeie ettt ettt 14

2.2.1 Theoretical Frameworks and Models of Statistical Literacy ................ 17

2.2.1.1 Watson’s Theoretical Framework ............cccceceviiieniincnnens 17

2.2.1.2 The Statistical Literacy Construct of Watson and

Callingham .........cccoeeiiiiiiieieeeee e 18

2.2.1.3 Four-Stage Framework of Sharma and her colleagues ......... 20

2.2.1.4 Two Elements the Model of Gal ..........ccccoooveviiiinieninnennene 21

2.2.1.5 Watson’s Statistical Literacy Model ..........c.cccceeveiieriennnnen. 25

2.3 Research on Statistical LIteracy........ceevieviieriieniieniieeieeieeeie e 28

2.3.1 Research on Students’ Understanding of Average..........ccccccveeveeuennee. 28

2.3.2 Research on Students’ Understanding of Variation..............cccceeueennee. 36

2.3.3 Research Studies on Graphs..........cccceeeevierieeiiienieeiieie e 49

2.4 Research on Statistical Literacy in Turkey .........cccoeceeveveerieniiienienieeieene, 52

2.5 Summary of the Literature ReVIEW .........cccveviiiiieniiiiiieieeceeee e 57

xi



3. METHODOLOGY ....oooiiiiiiiiiiiiiieitctetcteceseet et 62

3.1 Design of the STUAY.....cooiieiiiiiiieiieeeeeeee e 62
3.2 Sampling Procedure and Participants of the Study........c.cccocevverieniniinnnnns 63

3.3 Data Collection INStrUMENtS .........ccceevueriirieniieienienieeieseeieee e 64
34 PlOt STUAY .ccneiiiiieiie ettt ettt sttt et eneas 78

3.5 The Validity and Reliability of the Instrument..............cccoeeveriienieniieenee. 79
3.6 Time Table and Data Collection Procedures .............cecceveeriervienienenieneenns 81

3.7 Analysis 0f Data.......cc.coviiiiiiiiiiciieiecee e 82

3.8 Assumptions and Limitations ...........cccceevieeiiienieeiienieeieeiie et 97

3.9 The Internal and External Validity of the Study..........ccocooeviiiiiiniiniiee. 97
3.9.1 Internal Validity ......cccoeevuieiiiiiieiieeiiee et 98

3.9.2 External Validity .......ccccoeeriieiiiiiiieiieeieeee et 99

4. FINDINGS ...ttt sttt ettt be st saeeneeneas 101
4.1 The Concept of Average on Bar Graphs..........ccccceecuievieniienieeiiienieeieeens 102
4.1.1 The Concept of Average on Bar Graphs in Question 1 ........c...c......... 104

4.1.2 The Concept of Average on Bar Graphs in Question 5 ........c...c......... 130

4.1.3 The Concept of Average on Bar Graphs in Question 6 ...................... 139

4.2 The Concept of Average on Line Graphs .........cccceeevveviiriienieeciienieeieeiens 146
4.2.1 The Concept of Average on Line Graphs in Question 2a.................... 148

4.2.2 The Concept of Average on Line Graphs in Question 4..................... 156

4.3 The Concept of Variation on Line Graphs..........ccoecuveviiiiiienieniiieniecieeens 169
4.3.1 The Concept of Variation on Line Graphs in Question 2b ................. 171

4.3.2 The Concept of Variation on Line Graphs in Question 3 ................... 181

4.3.3 The Concept of Variation on Line Graphs in Question 7 ................... 191

4.4 The Concept of Variation on Bar Graphs .........ccccoecveviieiiieniieeiiienieeieeens 198

4.5 Summary of the FINdings...........ccoceeviiiiiiiiiiiiiiieceeecceee e 209

5. DISCUSSION, IMPLICATIONS AND RECOMMENDATIONS .................. 211
5.1 Students’ Statistical Literacy in terms of The Concept of Average............. 211

5.2 Students’ Statistical Literacy in terms of The Concept of Variation........... 223

5.3 TMPIICATIONS. ...eeueiieiiieiieeiieeite et ete ettt ettt st e bt e s e enseessaeebeessneenseens 233
5.4 Recommendations for Further Research Studies...........ccccovcveviiieniencnnene. 237
REFERENCES ...ttt sttt sttt 239
APPENDICES ...ttt sttt et sttt 253

Xii



A. METU HUMAN SUBJECTS ETHICS COMMITTEE APPROVAL ............... 253

B. PERMISSION OBTAINED FROM MINISTRY OF EDUCATION ................ 254
C. STATISTICAL LITERACY TEST ...t 255
D. TURKISH SUMMARY/TURKCE OZET ..o, 268

xiii



LIST OF TABLES

Table 2.1 Statistical literacy construct (Watson & Callingham, 2003, p.14) ............ 18
Table 2.2 A model of statistical literacy (Gal, 2002, P.4)....cccoerirriienieeiieiieeieeinens 22
Table 2.3 Description hierarchy of Reading and Shaugnessy (Reading, 2004, p.87) 37
Table 2.4 Relationship of levels identified with the statistical literacy hierarchy

(Watson et al.,2003, P.20) ..c.uiiiieiieeiieiie ettt ettt ettt ettt eae e eebeebeesnseenseens 40
Table 2.5 Refined version of the description hierarchy of Reading and Shaugnessy
(Reading, 2004, P.07) . .ui ettt ettt ettt ettt ettt st ebe b e enbeenee s 43
Table 3.1 Characteristics of the sample group by gender, age and mathematics

BEAAC ..ottt ettt ettt ettt et et et e te e et e e ate et e e ateenb e e beeeabeebaeeabeenbeeenbeenneens 64
Table 3.2 Table of specification with respect to the three tiers .........cccceeceeveeeennenne. 77
Table 3.3 Table of specification with respect to the objectives in the curriculum .... 77
Table 3.4 Time schedule for the study.........cccoeeiiniiiiiiiiiiee e 82
Table 3.5 Characteristics shown in six levels related to the average and variation
concepts in in the framework (Watson & Callingham, 2003) ............cccecvevieiiiennen. 84

Table 3.6 Modified version of the framework of Watson and Callingham (2003) ... 88
Table 3.7 Modified version of the framework of Watson and Callingham (2003) ... 94

Table 4.1 The distribution of students across the six levels in the framework for

QIL, Q5 and QO .....oeeeeiieeieeeee e e e eaneas 103
Table 4.2 The distribution of students at Level 3 in terms of their definitions and
interpretations of the concept of average in Q1 .........occeeeiiieiiiiiieniiieieeeeee, 112
Table 4.3 The distribution of students at Level 4 in terms of their definitions and
interpretations of the concept of average in Q1 .......c.occeveiieiiiiiieniieieeee 117
Table 4.4 The distribution of students at Level 5 in terms of their definition,
interpretation and evaluation of the concept of average in Q1 ..........cccceevveiiennnne. 127
Table 4.5 The distribution of Level 3 and Level 4 students in terms of their
interpretations regarding the computation of average in Q5 .......ccccecevievvriineenns 134
Table 4.6 The distribution of Level 5 students in terms of their definitions,
interpretations and evaluations of the concept of average in Q5..........ccccveevvennnne. 137
Table 4.7 The distribution of Level 3 and Level 4 students in terms of their
INterpretations 1N QO@.........cccvieiiieiiieiie ettt ettt et e e ste e e e seaeene 142

Table 4.8 The distribution of students across the six levels in the framework in the
questions related to concept of average on bar graphs ..........ccoeeceeviierienieeniennnene. 146

Table 4.9 The distribution of students across the six levels in the framework for
Q22 AN Q4 ..o et ettt et ab e b abe e seennaeenne 147



Table 4.10 The distribution of Level 3 students in terms of their definition and

interpretation of the concept of average in Q1d and Q2a, respectively................... 152
Table 4.11 The distribution of Level 4 students in terms of their definitions and
interpretations of the concept of average in Q1d and Q2a, respectively ................. 155
Table 4.12 The distribution of Level 3 students in terms of their interpretations of
the meaning of the average concept in Q4a and its computation in Q4b ................ 162
Table 4.13 The distributions of Level 4 students in Q4 in terms of their
interpretations in Q4a and Q4D ........coviviiieiiiiiiee e 166
Table 4.14 The distribution of students across the six levels in the framework in the
questions related to concept of average on line graphs..........ccecceeviieriienieeniennnnne. 169
Table 4.15 The distribution of students across the six levels in the framework for

Q2, Q3 aNA Q7 oottt ettt e be s saaeenne 170
Table 4.16 The distribution of students across the six levels in the framework in the
questions related to concept of variation on line graphs............ccceecvveviienieeniennnnne. 198
Table 4.17 The distribution of students across the six levels in the framework for
QOB ..ttt et e bt et e bt e eabeenbeeetbeeteennteenne 199
Table 4.18 The distribution of students across the six levels in the framework in the
questions related to concept of variation on bar graphs...........ccceeeeiieriieniieniennnne. 209

XV



LIST OF FIGURES

Figure 2.1 Five parts of statistical knowledge base (Gal, 2002, p.10)........cccecvuenneene. 23
Figure 2.2 Relationship among components of statistical literacy (Watson, 2006,
P248) ettt eae 25
Figure 2.3 Gumball problem (NAEP, 1996).......cccooiiiiniiiinieiiienieeceseeee 36
Figure 2.4 Spinner task (NAEP, 19906) .......cooiiiiiiiiiiiiieieeeeeeeeeee e 38
Figure 2.5 Comparison groups given to students in the study of Watson and

MOTItZ (1999, PlST) ettt 46
Figure 3.1 The news in Q1 ....cccuoiiiiiiiiiiiiiieieeeeee e 66
Figure 3.2 Parts 0f QL ....oo.oiiiiiiiiieeeeee e 67
Figure 3.3 Original version of Q2 (McGatha et al., 2002) .......ccccocevieneriiniinenene. 68
FIGUIE 3.4 Q2 ..ttt et st 69
Figure 3.5 Original version of Q3 (Watson & Kelly, 2005).......ccccccevviieiieniieieennen. 70
FIGUIE 3.0 Q3 ..ottt s 71
FIGUIE 3.7 Q4 .ttt et 72
Figure 3.8 Part of an interview in Q5 ......cccoooiiiiiiiiiinienieeeeeeeeee e 73
Figure 3.9 Parts 0f Q5 ....ouioiiiiiieeeee e 74
FIGUIE 3.10 QO .ttt et 75
FIGUIE 3,11 Q7 ottt sttt st et st 76
Figure 4.1 The definition of average by a Level 1-2 student in Q1d....................... 105
Figure 4.2 Interpretations of average by a Level 1-2 student in Qla and Q1b........ 106
Figure 4.3 Interpretation of average by a Level 1-2 student in Qla..........ccc....... 107
Figure 4.4 Interpretation of average by a Level 1-2 student in Qla..........ccc........ 107
Figure 4.5 Interpretation of average by a Level 1-2 student in Q1b..........c..c........ 108
Figure 4.6 Interpretation of average by a Level 1-2 student in Q1b..........c..c........ 109
Figure 4.7 Evaluation of average by a Level 1-2 student in Q1c¢ ......cccocvevieeiennenne. 109
Figure 4.8 Evaluation of average by a Level 1-2 student in Q1c¢ ......ccocvevieriennenne. 110
Figure 4.9 Evaluation of average by a Level 1-2 student in Q1c¢ ......ccocvevueeiennnenne. 110
Figure 4.10 Interpretation of average by a Level 3-4 student in Q1b...................... 114
Figure 4.11 Definition of average by a Level 3-4 student in Q1d ..........cceeeenenne. 114
Figure 4.12 Interpretation of average by a Level 3-4 student in Q1b...................... 115
Figure 4.13 Interpretation of average by a Level 3-4 student in Q1b...................... 115

xvi



Figure 4.14 Interpretations of average by a Level 3-4 student in Qla and Q1b...... 116

Figure 4.15 Example of average by a Level 3-4 student in Q1d .........cccoevueeienenne. 119
Figure 4.16 Definition of average by a Level 3-4 student in Q1d...........ccccueenneene. 120
Figure 4.17 Definition of average by a Level 3-4 student in Q1d...........ccccueenneene. 120
Figure 4.18 Definition of average by a Level 3-4 student in Q1d...........ccccueenneene. 121
Figure 4.19 Definition of average by two Level 3-4 students in Q1d ..................... 121

Figure 4.20 Interpretations of average by a Level 3-4 student in Qla and Qlb...... 122

Figure 4.21 Definition and interpretation of average by a Level 3-4 student in

Qld and Q1a, T€SPECLIVELY ....veeiiieiieiieeiteete ettt 123
Figure 4.22 Interpretations of average by a Level 3-4 student in Qla .................... 124
Figure 4.23 Interpretation of average by a Level 3-4 student in Q1b...................... 124
Figure 4.24 Interpretation of average by a Level 3-4 student in Q1b...................... 125
Figure 4.26 Interpretation of average by a Level 3-4 student in Q1b...................... 125
Figure 4.27 Evaluation of average by a Level 5-6 student in QIc .......ccceevuenenee. 128
Figure 4.28 Evaluation of average by a Level 5-6 student in QIc .......cceeeuenenne. 129
Figure 4.29 Evaluation of average by a Level 5-6 student in QIc .......ccoeeuenenee. 129
Figure 4.30 Interpretation of average of a Level 1-2 student in Q5a..........ccc..e.e. 131
Figure 4.31 Evaluation of average by a Level 1-2 student in Q5b .........ccceeuenenne. 132
Figure 4.32 Evaluation of average by a Level 1-2 student in Q5b .........cccccevenenne. 132
Figure 4.33 Interpretation of average by a Level 3-4 student in Q5a.........cccc........ 135
Figure 4.34 Interpretation of average by a Level 3-4 student in Q5a.........cccc....... 135
Figure 4.35 Interpretation of average by a Level 3-4 student in Q5a.........cccc......e. 136
Figure 4.36 Evaluation of average by a Level 5-6 student in Q5b ............cce........ 138
Figure 4.37 Evaluation of average by a Level 5-6 student in Q5b ............ccoc...e..... 139
Figure 4.38 Interpretation of average by a Level 1-2 student in Q6a...................... 140
Figure 4.39 Interpretation of average by a Level 1-2 student in Q6a...................... 141
Figure 4.40 Interpretation of average by a Level 3-4 student in Q6a...................... 143
Figure 4.41 Interpretation of average by a Level 3-4 student in Q6a...................... 144
Figure 4.42 Interpretation of average by a Level 3-4 student in Q6a...................... 145
Figure 4.43 Interpretation of average by a Level 1-2 student in Q2a...................... 150
Figure 4.44 Interpretation of average by a Level 1-2 student in Q2a...................... 151
Figure 4.45 Interpretation of average by a Level 3-4 student in Q2a.............c........ 154
Figure 4.46 Interpretation of average by a Level 3-4 student in Q2a............c........ 154
Figure 4.47 Interpretation of average by a Level 1-2 student in Q4b...................... 158

Xvil



Figure 4.48 Interpretations of average by a Level 1-2 student in Q4a and Q4b...... 159

Figure 4.49 Evaluation of average by a Level 1-2 student in Q4¢ ......ccceeueevennnenne. 160
Figure 4.50 Evaluation of average by a Level 1-2 student in Q4¢ ......ccccoevuennnenee. 160
Figure 4.51 Evaluation of average by a Level 1-2 student in Q4c¢ ........ccceeueennennne. 161

Figure 4.52 Interpretations of average by a Level 3-4 student in Q4a and Q4b
TESPECTIVELY ettt ettt ettt e ettt e et e e bt e e b e e seeenseenne 164

Figure 4.53 Interpretations of average by a Level 3-4 student in Q4a and Q4b...... 164
Figure 4.54 Interpretations of average by a Level 3-4 student in Q4a and Q4b...... 165
Figure 4.55 Interpretations of average by a Level 3-4 student in Q4a and Q4b...... 168

Figure 4.56 Evaluation of variation by a Level 5-6 student in Q2b ...........cc.c........ 173
Figure 4.57 Evaluation of variation by a Level 1-2 student in Q2b ...........cccc....... 174
Figure 4.58 Evaluation of variation by a Level 1-2 student in Q2b ...........cccc...e.e. 174
Figure 4.59 Definition of range by a Level 1-2 student in Q3.........ccceoveveniennenne. 175
Figure 4.60 Evaluation of variation by a Level 3-4 student in Q2b ...........cccc....... 177
Figure 4.61 Evaluation of variation by a Level 3-4 student in Q2b ...........cccc...... 177
Figure 4.62 Evaluation of variation by a Level 5-6 student in Q2b ...........ccc........ 179
Figure 4.63 Interpretation of average and evaluation of variation by a Level 5-6
student in Q2a and Q2b, 1ESPECHIVELY ...c.veeruiieiieiiieiieeie et 180
Figure 4.64 Interpretation of average and evaluation of variation by a Level 5-6
student in Q2a and Q2b, 1ESPECHIVELY ...c.veeruiieiieiiieiieeieeteee e 181
Figure 4.65 Graph of a Level 3-4 student in Q3a and her interpretation of the

EraPh I Q3D ..t st 183
Figure 4.66 Interpretation of the graph by a Level 1-2 student in Q3b ................... 184
Figure 4.67 Graph of a Level 1-2 student in Q3@ ......c.cccoceeveiiinieninniinieiecieeeee, 185
Figure 4.68 Graph of a Level 1-2 student in Q3a and her interpretation of the

ErAPh 1N Q3D ..ttt 185
Figure 4.69 Graph of a Level 1-2 student in Q3a and his interpretation of the

EraPh I Q3D ..t st 186
Figure 4.70 Graph of a Level 1-2 student in Q3a and his interpretation of the

ErAPh 1N Q3D ..ttt 187
Figure 4.71 Graph of a Level 1-2 student in Q3a and his interpretation of the

ErAPh 1N Q3D ..ttt 187
Figure 4.72 Graph of a Level 3-4 student in Q3@ ......c.cooceevieiiienieniniinienecieeee, 190
Figure 4.73 Graph of a Level 3-4 student in Q3a and her interpretation of graph

I Q3D 190
Figure 4.74 Graph of a Level 3-4 student in Q3@ ......c.ccoceevieiiienieniniiinieecieee, 191

XViii



Figure 4.75 Evaluation of variation by a Level 1-2 student in Q7 .........cccceevenenne. 193

Figure 4.76 Evaluation of variation by a Level 1-2 student in Q7 .........ccccevuenenee. 194
Figure 4.77 Evaluation of variation by a Level 3-4 student in Q7 .........ccccevuenenne. 195
Figure 4.78 Evaluation of variation by a Level 3-4 student in Q7 .........ccceevuenenne. 196
Figure 4.79 Evaluation of variation by a Level 5-6 student in Q7 .........cccceeuenenne. 197
Figure 4.80 Evaluation of variation by a Level 1-2 student in Q6b ........................ 202
Figure 4.81 Evaluation of variation by a Level 1-2 student in Q6b ........................ 202
Figure 4.82 Interpretation of average by a Level 3-4 student in Q6a and her

evaluation of variation in QOD ...........c..cooviiiiiiiiiiiiieeee e 204
Figure 4.83 Evaluation of variation by a Level 3-4 student in Q6b ........................ 205
Figure 4.84 Evaluation of variation by a Level 5-6 student in Q6b ........................ 206
Figure 4.85 Evaluation of variation by a Level 5-6 student in Q6b ........................ 207
Figure 4.86 Evaluation of variation by a Level 5-6 student in Q6b ........................ 208
Figure 4.87 Evaluation of variation by a Level 5-6 student in Q6b ........................ 208

XiX



AEC
GAISE
10T
MoNE
NAEP
NCTM
OECD
SLT

LIST OF ABBREVIATIONS

Australian Educational Council

Guidelines and Assessment for Statistics Education Report
Istatistiksel Okuryazarlik Testi

Ministry of National Education

National Assessment of Educational Progress

National Council of Teachers of Mathematics

Organization for Economic Co-Operation and Development

Statistical Literacy Test

XX



CHAPTER 1

INTRODUCTION

“The ultimate goal: Statistical Literacy” is stated at the beginning of the Guidelines
and Assessment for Statistics Education Report (GAISE, 2005, p.1.). According to
this report, the aim was to ensure that students graduate “from the high school with
sufficient statistical reasoning to cope with requirements of citizenship,
employment and family and to have a healthy, happy, and productive life” (2005,
p-1). In other words, one of the goals of the schools stated by GAISE (2005) is to

raise individuals who are statistically literate.

In their daily life, individuals need to make decisions about many areas such as
education, economy, politics and health (Halpern, 1997). In all of these areas,
people encounter percentages, some type of graphs, charts, averages, rates or
probabilities (Wallman, 1993). To put it differently, individuals encounter
statistical information everywhere in their daily life and an informed citizen should
be able to understand this information and then be able to make decisions based on
that understanding (Towsend, 2006; Wallman, 1993). However, statistical
information emerging in daily life or the media could involve bias or subjectivity
(Gal, 2004). Some statistics are attached to advertisements, arguments, or
suggestions just to make them seem more reliable (Ben-Zvi & Garfield, 2004) and
those statistics are generally produced by the owners of those advertisements or
arguments (Shield, 1999). Therefore, individuals need to not only understand the
statistical information presented, but also critically evaluate those biased,
misleading statistical claims (Gal, 2004; Watson, 2006). In other words,

researchers maintain that individuals need to be statistically literate.



Statistical literacy is essential for people to critically question the vast amount of
information presented to them (Rumsey, 2002) and a key ability that people living
in information societies should acquire (Gal, 2002). Furthermore, it is essential for
children to make decisions in the twenty-first century since it is very easy for them
to be misinformed with different kinds of data displays (Watson & English, 2015).
As previously stated, statistical literacy is an expected outcome of schooling
(GAISE, 2005; Gal, 2002; Ben-Zvi & Garfield, 2004). Thus, many curriculum
documents from several countries, which have a huge role in the development of
statistical literacy of students (Gal, 2004; Watson, 2006), emphasize the importance
of statistical literacy and thus have integrated concepts of statistics and probability
into their curricula. For instance, the National Council of Teachers of Mathematics
(NCTM, 2000) implied the importance of statistical literacy stating that if the aim
1S to raise consumers who could make critical and informed decisions, the
knowledge of statistics is essential. Moreover, the Australian Educational Council
(1991) added into their curricula the strands of understanding and explaining social
uses of chance, and understanding the impacts of statistics on daily life in order to
raise statistically literate individuals. Similarly, the mathematics curriculum in
Turkey includes a content domain called “data analysis”, which is one of the five
content domains in the curriculum. In the Turkish curriculum, the aim is to ensure
that by the end of the eight grade students should be able to form research
questions, collect appropriate data, represent and analyze the collected data using
measures of central tendency and spread and lastly interpret the results obtained.
Interpreting statistics in real life contexts and making decisions according to those

interpretations were also emphasized in the Turkish curriculum (MoNE, 2018).

Beyond its place in curricula, statistical literacy has also been an important topic in
the area of research for about 20 years. Watson (1997), one of the pioneer
researchers in statistical literacy, defined statistical literacy in a three-tiered
hierarchical framework. These tiers are (i) understanding basic terminology about

statistics and probability, (ii) understanding and interpreting those concepts in
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social and scientific contexts, and (iii) critically evaluating claims and arguments in
real life. Hence, according to Watson (1997), statistical literacy is an ability
consisting of understanding, interpreting and critically evaluating statistical
messages that are encountered in the daily lives of individuals. In later years, using
her framework, Watson conducted many research studies with her colleagues to
understand students’ statistical literacy (Watson & Moritz, 1999, 2000, 2000b;
Watson & Callingham, 2003). In 2003, the three-tiered hierarchical framework was
elaborated and a framework was developed consisting of six levels, which was
named as the statistical literacy construct (Watson and Callingham, 2003). In 2006,
depending on the obtained research results, Watson developed a model consisting
of the major components of statistical literacy. One of those components is data
and chance curriculum. This component involves data collection-sampling, data
representation, chance, inference and average. Furthermore, there is another
component in the model of Watson (2006), the importance of which is mentioned
in the research by many authors (Cobb &Moore, 1997; Ben Zvi, 2004, Watson,
2006). This component is variation, which Cobb and Moore (1997) believe that it
is “the omnipresence of variability” that cause the need for statistics (p. 801).
Besides, Konold and Higgins (2003) explained that average is a signal in this noisy
environment where the noise refers to variation. Furthermore, average and
variation in the model of Watson (2006) are two important concepts that appear in
the Turkish curriculum in the middle school years; hence; these are the concepts

that are focused in this study.

Various studies regarding students’ understanding of average and variation
(Mokros & Russell, 1995; Watson & Moritz, 1999, 2000; Gal, Rotschild &
Wagner, 1989; Watson & Callingham, 2003; Watson & Kelly, 2008; Shaugnessy,
2003b) exist in the related literature. In terms of the concept of average, it was
concluded that students have difficulties in defining the concept of average
(Watson & Moritz, 2000), do not know the representative nature of the concept of

average (Mokros &Russell, 1995), cannot use average when comparing two data
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sets (Gal, Rotschild & Wagner, 1989; Watson &Moritz,1999) or cannot realize the
effect of an outlier in the calculation of mean, a type of average, and hence cannot
suggest the use of the median (Watson & Callingham, 2003). Findings of studies
indicated that results were not different for the concept of variation. Most students
have difficulty in defining and interpreting the concept of variation (Watson &
Kelly, 2008) and they cannot use variation in comparing of two groups similar to
the average (Shaugnessy, 2003b). On the other hand, Shaugnessy and Pfannkuch
(2002) observed that when students draw a graph of a data presented to them in a
table form, they can realize variation in the data. Similarly, Bright and Friel (1998)
asserted that graphs can affect students’ interpretation of the data presented to
them. Furthermore, Enisoglu (2014) claimed that graphical representations could
have an effect on students’ interpretation of the average. To state it differently,
graphical representations could have an influential role in students’ interpretation

of average and variation.

Moreover, Watson, Chick and Callingham (2014) asserted that each real life
context does not reveal the same effect on students’ understanding of average. In
their study, they found that while students could easily interpret average
appreciating variation in a weather context, they had difficulty in interpreting the
meaning of the average of home prices. Similarly, McGatha, Cobb and Mc Clain
(2002) observed that while most of the students could realize variation in a weather
context, few of them noticed it in a basketball context. In other words, it is
important to analyze students’ understanding of average and variation in different
real-life contexts since, as the researchers mentioned above asserted, results could

show some differences from those of prior studies.

Therefore, the aim of this study is to investigate the statistical literacy of seventh
grade students concentrating on the concepts of average and variation on graphical
representations in different real life contexts. In line with the objective that students
should be able to use mean and range, which are two measures related to average

and variation, in comparing two data sets in real life situations (MoNE, 2018),
4



statistical literacy of students regarding the concepts of average and variation will
also be examined in comparative situations. Graphical representations that students
learn up until seventh grade are bar and line graphs and pie charts. Since it is
believed that bar and line graphs are appropriate for comparison of two data sets,
the purpose of the present study is to analyze statistical literacy of seventh grade

students regarding the concepts of average and variation on bar and line graphs.
1.1 Purpose of the Study

The purpose of the study is to analyze the statistical literacy of seventh grade
students in terms of the concepts of “average” and “variation” on bar and line
graphs related to the data obtained from social or scientific contexts. In this respect,

the following research question and its sub-question directed the current study:

What are the statistical literacy levels of seventh grade students regarding the
concepts of “average” and ‘“‘variation” on bar and line graphs related to the data

obtained from social or scientific contexts?

a. How do seventh grade students at different statistical literacy levels
define, interpret and evaluate “average” and “variation” concepts on bar and

line graphs related to the data obtained from social or scientific contexts?
1.2 Definitions of Important Terms

In this section, definitions of the main terms in this study are provided for the

clarity of the research questions.

Statistical Literacy: According to Watson (1997), statistical literacy is an ability
consisting of understanding, interpreting and critically evaluating statistical

messages encountered in daily lives of individuals.

Furthermore, the statistical literacy level of a student is determined according to the

modified version of the framework of Watson and Callingham (2003) by taking
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into consideration the answers provided by a student in the Statistical Literacy Test

(SLT)

Average: Average is “A single number or measure that is representative of a

larger collection of numbers” (Van de Wall, 2013, p. 446).

In this study, average refers to a measure that represents the data obtained from

social or scientific contexts and given on bar and line graphs.

Variation: Variation refers to “A description or measurement of change” (Reading

& Shaugnessy, 2004, p.202).

In this study, variation refers to a measure that represents the change in the data

obtained from social or scientific contexts and given on bar and line graphs.

Bar Graph: A bar graph is “A diagram in which the numerical values of the
variables are represented by height or length of lines or rectangles of equal width”

(Oxford American Dictionary, 2006, p. 66).

Line Graph: A line graph is a representation to show the relation between two

continuous data with a line drawn to connect the two points (Van de Walle, 2013).

Social or Scientific Contexts: Social or scientific contexts refer to written sources,
such as newspapers, research reports, brochures or magazines, which are
encountered in real life, especially in the media. This study includes the
newspapers, brochures and magazines as social contexts and some research results

as scientific contexts which were generally prepared by the researchers.
1.3 Significance of the Study

For effective participation into the social, political and cultural life or for personal
satisfaction, being a literate person is significant (Is, 2003). According to the

Organization for Economic Co-Operation and Development (OECD, 2001),



literacy refers not only to the ability to read and write but also to the ability to use
obtained knowledge in different real life situations. Taking into account that
individuals make decisions using statistical information, which is found in almost
every area in real life, it can be asserted that individuals should also be statistically
literate. Statistical literacy is a key ability that people living in information societies
should acquire (Gal, 2002) and an ability that students are expected to be equipped
with in schools (GAISE, 2005; Gal, 2002). Therefore, it is important to investigate

the statistical literacy of students.

In the related literature, many researchers express the importance of variation in
statistics (Ben-Zvi, 2004; Cobb & Moore, 1997; Watson, Kelly, Callingham &
Shaugnessy, 2003; Watson, 2006). It is the concept of variation which is the
underlying reason for the existence of the statistics discipline (Watson, Kelly,
Callingham & Shaugnessy, 2003). Data collection, data representation and
calculation of averages are all essential to take variation under control (Watson,
2006). It is meaningless to calculate an average when there is no variation (Watson
& Kelly, 2008). On the other hand, if variation does exist, the calculation of the
average is essential to summarize a huge amount of information into a manageable
form (Shaugnessy, 2007). In addition to summarizing and describing a data set,
calculating the average is very useful for the comparison of two groups (Konold &
Higgins, 2003; Mokros & Russell, 1995). Thus, it can be concluded that average
and variation are two important concepts in statistics which are dependent on each
other (Watson, 2006). Hence, it is essential that statistically literate individuals
should be able to define, interpret and evaluate both concepts when they encounter
with them in their daily lives. When such is the case, it is important to examine the
statistical literacy of individuals regarding the concepts of average and variation.
As aforementioned, since statistical literacy is an ability that schools are expected
to equip students with (Gal, 2002; GAISE, 2005), and since the average is one of
the mostly encountered statistics in real life which is dependent to the variation, it

is essential to investigate the statistical literacy of students related to the concepts
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of average and variation.

There are various studies in the literature related to students’ understanding of
average and variation. Almost all of those studies showed that students’
understanding of average and variation was not at the expected level (McGatha,
Cobb & McClain, 2002, Mokros & Russell, 1995; Shaugnessy, 2003b; Watson &
Kelly, 2008; Watson & Moritz, 1999a, 1999b, 2000). These researches revealed
that students’ definitions, interpretations and evaluations related to the concept of
average and variation are inadequate. However, many curriculum documents
including the Turkish curriculum states the importance of interpretation of
statistics, including average and variation, in real life contexts (AEC, 1991; MoNE,
2018; NCTM, 2000). For example, these documents mention the appropriate use of
three average types in real life contexts: mean, mode and median. It is explained
that in addition to being able to calculate the three types of average, students should
also be able to select the appropriate average type in different real life situations.
On the other hand, several researchers asserted that different real life contexts do
not show the same impact on students’ understanding of average and variation
(McGatha, Cobb & McClain, 2002; Watson, Chick & Callingham, 2014). For
instance, while students could interpret average as mean in one context, they could
understand it as the mode of the given data in another context. The current study
examines interpretation and evaluation of the concepts of average and variation
presenting students some alternative contexts. Hence, this study has the potential to
make a significant contribution to the existing literature by having revealed
students’ interpretations and evaluations related to the concepts of average and

variation in different contexts.

Furthermore, to decide correctly which of the three average types is appropriate
indicates that students have conceptual understanding regarding the concept of
average (Enisoglu, 2014). In the literature, there are several studies which
concentrated on investigating whether students could be able to select median as

the appropriate type of average when there is an outlier in the data (Watson &
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Moritz, 1999b; Watson & Callingham, 2003). However, it was observed that
studies which provided students a categorical data set, hence necessitates the use of
the mode as an appropriate type of average, were limited. In this study, a context,
which requires the use of mode as the appropriate average type since there is a
categorical data, is presented to the students. Therefore, the current study is
significant as it contributes to the existing literature valuable information about
whether students are able to realize that the appropriate type of average to be used
is the mode of the data when there is a categorical data set, which in turn can be
useful in passing to the appropriate use of median where students had difficulty

(Watson & Callingham, 2003; Watson & Moritz, 1999b).

Similar to the concepts of average and variation, various studies in the literature
showed that students have some difficulties in interpreting different graphical
representations, including bar and line graphs (Boote & Boote, 2017; Bright &
Friel, 1998; Capraro, Kulm, Hammer, 2005; Kirsch, Jungeblatt &Mosenthal, 1988;
Pereira-Mondeza & Mellor, 1991). The current study attempts to link the concepts
of average and variation with graphical representations and analyzes the statistical
literacy of students. Thus, the findings of this study could be important in
providing information related to both of these areas and the intersection of these

two areas.

Besides, Bright and Friel (1998) claimed that graphs can have different effects on
students’ interpretation of the data presented to them. Furthermore, Enisoglu
(2014) stated that graphical representations could have an effect on students’
interpretation of the average. In studies in the literature regarding the use of the
median as the appropriate average type in case of an outlier, data were generally
presented directly to the students. Different from those studies, in the present study,
data were displayed on bar and line graphs. Thus, the current study is significant as
it reveals the role of bar and line graphs on the realization of the outliers in the data
set. Furthermore, Shaugnessy and Pfannkuch (2002) showed that while students

could not realize variation in the data presented in a table form, most of them could
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easily realize it when they drew a graph and could make good predictions.
Different from the studies in the literature, bar and line graphs were used in the
current study; hence, the current study provides valuable information about the role
of bar and line graphs on students’ interpretation and evaluation of variation
concept. In this way, if it is observed that bar and line graphs are useful in the
interpretation and evaluation of the concepts of average and variation, they can be
used in teaching the concepts of average and variation by teachers or teacher

educators.

Moreover, Watson and Kelly (2005) suggested analyzing students’ understanding
of variation while comparing two graphs with equal averages but different
variations. Several studies revealed that students do not use average and variation
while comparing situations (Gal et al, 1989, Shaugnessy, 2003b, Watson & Moritz,
1999). Different from the studies in the literature, the present study initially asked
students to calculate an average while comparing two graphs. Then, their
understanding of variation was analyzed when they observed that averages are
equal. In other words, this study is significant as it has observed whether students
directly interpreted the variation of the presented data, which is the underlying
reason for calculation of an average (Shaugnessy, 2007), while comparing two
groups when they observed that the averages are the same. Hence, the findings of
this study could be important in providing information to teachers, teacher
educators or curriculum developers in that teaching of the concepts of average
should be delayed until the students’ understanding related to the variation concept

complete.

In the context of Turkey, there are different studies analyzing students’
understanding of the concept of average (Ucar & Akdogan, 2009; Enisoglu, 2014).
They concluded that middle school students do not know the representative nature
of the average, use different solution strategies in solving questions related to the
mean, median and mode but generally did not depend on the graphical

representations given. Moreover, many errors and difficulties in solving questions
10



related to three measures of central tendency were observed (Enisoglu, 2014).
Different from these studies, the current study investigated the interpretation and
evaluation of the concept of average presenting students some alternative contexts
which may have different effects (Watson, Chick & Callingham, 2014). Hence, this
study is significant since it has the potential to make an important contribution to
the existing Turkish literature by having revealed students’ interpretations and

evaluations related to the concepts of average and variation in alternative contexts.

On the other hand, there are not many comprehensive studies regarding the concept
of variation in the accessible literature in Turkey. Furthermore, studies related to
the statistical literacy of middle school students are limited, and there is a need to
conduct further studies related to statistical literacy concentrating on specific
concepts in the curriculum (Yolcu, 2012). Therefore, considering the fact that there
is a limited number of studies related to variation and statistical literacy in the
related Turkish literature, this study investigated statistical literacy of seventh grade
students in terms of the variation concept. By also attaching two graphical
representations, namely bar and line graphs, the results of such a study were able to
provide distinctive and valuable information regarding whether students could
interpret and evaluate variation on bar and line graphs and whether the statistical
literacy of students related to the concepts of average and variation changed when

data were presented on bar and line graphs.

Furthermore, in Turkey, the statistical literacy of students was examined generally
through multiple choice tasks. However, to reveal students’ understanding and
questioning ability better, open-ended tasks should be used (Watson, 1997). Thus,
this study is significant in that through open-ended tasks students’ understanding
and questioning ability related to the concepts of average and variation could be

examined in detail.

Lastly, this study is significant in giving information to both pre-service and in-

service teachers regarding what seventh grade students know and do not know
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related to not only the concepts of average and variation, but also bar and line
graphs. Moreover, the present study could provide valuable information to teachers
and teacher educators in the development of tasks that are necessary to raise
statistically literate individuals. The results of this study could be important in the
revision of current curricula and the development of textbooks taking into account

statistical literacy and the specific concepts that this study focused on.
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CHAPTER 2

LITERATURE REVIEW

The purpose of the study is to analyze seventh grade students’ levels of statistical
literacy in the concepts of average and variation on bar and line graphs related to
the data obtained from social or scientific contexts. The review of literature is

presented throughout this chapter.

The first part of the chapter begins with the concept of literacy and provides
definitions of literacy. The second part of the chapter focuses on statistical literacy.
Subsequently, theoretical frameworks and models of statistical literacy, and studies
conducted on statistical literacy and specific concepts the study entails, namely
average and variation, are addressed. Then follows a section on studies carried out
in the context of Turkey. At the end of this chapter, a summary is presented to

outline the underlying rationale of this research.
2.1. Literacy

“The ability to read and write” (Oxford Dictionaries, 2009, p.519) is defined as
literacy in various dictionaries. For effective participation into the social, political
and cultural life or for personal satisfaction, being literate is very significant (Is,
2003). Besides, the more individuals are literate, the more they are productive, so
literacy is essential for economic welfare of a country (Metcalfe, Simpson, Todd &
Toyn, 2013). However, just being able to read and write is not sufficient to
participate actively into the society (Is, 2003). In addition to these skills,
application and interpretation of the knowledge acquired in schools to the real life
is necessary (OECD, 2001). In other words, The Organization for Economic Co-

Operation and Development (OECD, 2001) presents a broad definition to the
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literacy concept beyond the existing definition. Literacy is the ability to use

obtained knowledge in schools in different real life situations (OECD, 2001).

The responsibility of schools is to raise individuals who are literate in reading,
mathematics and science (OECD, 2001). An individual who is literate in these
areas should be able to understand and reflect on a given text (OECD, 2001).
Moreover, he or she should be able to solve mathematical problems in real life and
think scientifically in a world of technology and science (OECD, 2001). On the
other hand, real life, especially media, is full of statistical messages (Ben Zvi &
Garfield, 2004), which are biased or lack objectivity in many situations (Gal,
2004). Individuals should be able to understand and critically evaluate those biased
or misleading messages (Gal, 2004; Watson, 2006). Therefore, besides the three
domains mentioned by OECD, one of the goals of schools as stated by The
Guidelines and Assessment for Statistics Education Report (GAISE, 2005) is to

raise individuals who are statistically literate.
2.2 Statistical Literacy

Importance of statistical literacy is mentioned by many researchers and in many
curriculum documents. However, there is no consensus on the definition of this
concept (Shaugnessy, 2007, Sharma 2017). Therefore, initially, definitions made

by different researchers will be presented in this section.

Definitions of statistical literacy can be traced back to Wallman’s definition made
in 1993. She observes statistical literacy as an important vehicle for prosperity of
the society, and defines the concept as “the ability to understand and critically
evaluate statistical results that permeate our daily lives-coupled with the ability to
appreciate the contributions that statistical thinking can make in public and private,
professional and personal decisions.” (p.1). The statement “public and private” in
the definition of Wallman reveals that, besides its role for society, statistical

literacy has an important role for individuals in making decisions depending on the
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information presented to them in their personal lives (Watson & Callingham,

2003).

Believing that statistical literacy is the intersection point of statistics and
probability and everyday world (Watson, 2006), Watson (1997) defines the concept
in a three-tiered hierarchical framework. These tiers include understanding basic
terminology in statistics, understanding and interpreting the concepts of statistics in
other contexts and questioning claims and arguments in real life. Hence, according
to Watson (1997), statistical literacy is an ability consisting of understanding,
interpreting and critically evaluating statistical messages that are encountered in the

daily lives of individuals. This is the definition to be used in this study.

A similar definition to that of Watson was offered by Garfield in 1999. For
Garfield (1999), statistical literacy is the understanding of statistical terms, symbols
and words, understanding and interpretation of graphs and tables and making sense
of statistics in real life. Questioning ability in the definition of Watson forms the
difference between definition of Garfield (1999) and Watson (1997). On the other
hand, Schield (1999) regards statistical literacy as a competency, just like reading
and writing. It is being competent in critical thinking by which claims are
supported with statistics (Schield, 1999). It also involves the understanding and
interpretation of arguments presented (Schield, 1999). Moreover, asking good

questions are an indispensable part of interpretation (Schield, 1999).

In another study, Gal (2002) describes statistical literacy for adults. For Gal (2002),
adult statistical literacy is composed of two components. One of them is one’s
ability to interpret or critically evaluate the statistical information encountered in
various contexts. The other is the ability to communicate one’s opinions about
certain statistical information, such as being able to explain his or her concerns
about an implication drawn from a study. These are key skills which are necessary

in this information age and expected educational outcomes in schools (Gal, 2002).
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On the other hand, as a result of some discussions in several forums on statistical
literacy, thinking and reasoning, statistical literacy was defined as a concept
covering some basic skills to be used in understanding of statistical information or
research results (Garfield, del Mas & Chance, 2003). Organizing of data,
constructing data displays and dealing with different data representations constitute
these skills. Comprehension of words, symbols or terms is also involved in the
concept of statistical literacy (Garfield, del Mas & Chance, 2003). These
researchers have not mentioned critical evaluation as an essential skill for statistical
literacy. However, critical evaluation is regarded as a skill for statistical thinking as

it is used to question the how and why of statistical investigations.

Watson and Callingham (2003) state that knowing only formulas or definitions is
not sufficient to be a statistically literate person. Integration of these formulas or
definitions with the contexts where some questions arise is necessary (Watson &
Callingham, 2003). These researchers also describe statistical literacy as a
construct consisting of six hierarchical levels, which will be explained in detail in
the next section. In a further study, Towsend (2006) defined statistical literacy with
four main skills: understanding and interpretation of statistical information, critical
evaluation of the information involving statistical messages, application of the
information to real life situations, communication of his or her concerns regarding
the information to others. Apart from the application part, the definition provided

by Towsend (2006) is very similar to the one made by Gal (2002).

To summarize, although researchers define the concept of statistical literacy in
different ways, there are three common terms that could be identified in most of
them. “Interpretation” and “critical evaluation” of statistical information are two
terms generally emerging in definitions of statistical literacy. The last common
term is “context”, which refers to real life or everyday world in the definitions.
Taking into account that statistics makes sense only within a context (Scheaffer,
2006; Franklin et al., 2005), this last common emerging term should be inevitable

in definitions of statistical literacy.
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2.2.1 Theoretical Frameworks and Models of Statistical Literacy

In this section, main theoretical frameworks and models regarding statistical

literacy will be summarized.

2.2.1.1 Watson’s Theoretical Framework

In 1997, Watson described a framework to measure the statistical literacy level of
students. Hierarchical in nature, this framework consists of three tiers, which does
not take into account the explicit affective dimension, but only the cognitive

dimension of statistical literacy (Yolcu, 2012).

The first tier is understanding of basic concepts in statistics and probability. In this
tier, students only need to understand basic concepts like mean, random,
percentage, graphing within a mathematical context. In addition, the calculation of
a mean or a measure of spread not depending on any social or scientific context is a

requirement of this tier.

In the second tier, beyond making definitions of the concepts or performing just
computations, students need to understand and interpret the concepts in social or

scientific contexts in order to reach conclusions and to make decisions.

The last tier involves the ability to question. In this tier, students do not believe
every claim or argument presented to them in their daily lives. They should be able
to critically evaluate claims that they encounter in a social or scientific context. For
instance, when reading about the effect of a drug in an article, a statistically literate
person should ask questions regarding the sample, such as the number of people in

the sample and its representativeness of the population.
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2.2.1.2 The Statistical Literacy Construct of Watson and Callingham

Conducting longitudinal research with about 3000 students whose grades varied
between 3 and 9, Watson and Callingham (2003) validated that the concept of
statistical literacy is hierarchical in nature. Rasch analysis revealed that the
construct of statistical literacy involves understanding the concepts mentioned in a
statistics and probability curriculum along with understanding the context that may
involve bias or misinformation (Watson & Calllingham, 2003). Furthermore,
analyses made it possible to identify and interpret hierarchical levels of the
construct. Those levels are idiosyncratic, informal, inconsistent, consistent non-
critical, critical and critical mathematical. Each level shows the characteristics of

statistical literacy that students displayed in the tasks, and they can be seen in Table

2.1 below.

Table 2.1 Statistical literacy construct (Watson & Callingham, 2003, p.14)

Level Brief characterization of step levels of tasks

6. Critical Task-steps at this level demand critical, questioning engagement with context, using

Mathematical  Proportional reasoning particularly in media or chance contexts, showing appreciation of the
need for uncertainty in making predictions, and interpreting subtle aspects of language.

5. Critical Task-steps require critical, questioning engagement in familiar and unfamiliar contexts that

do not involve proportional reasoning, but which do involve appropriate use of terminology,
qualitative interpretation of chance, and appreciation of variation.

4. Consistent
Non-critical

Task-steps require appropriate but non-critical engagement with context, multiple aspects of
terminology usage, appreciation of variation in chance settings only, and statistical skills
associated with the mean, simple probabilities, and graph characteristics.

3. Inconsistent

Task-steps at this level, often in supportive formats, expect selective engagement with
context, appropriate recognition of conclusions but without justification, and qualitative
rather than quantitative use of statistical ideas.

2. Informal

Task-steps require only colloquial or informal engagement with context often reflecting
intuitive non-statistical beliefs, single elements of complex terminology and settings, and
basic one-step straightforward table, graph, and chance calculations.

1. Idiosyncratic

Task-steps at this level suggest idiosyncratic engagement with context, tautological use of
terminology, and basic mathematical skills associated with one-to-one counting and reading
cell values in tables.

In the idiosyncratic level, students make decisions based on personal beliefs and
experience. Their engagement with context is idiosyncratic, and they use their daily

language. For example, while drawing a male or a female name from a hat,
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students will decide that a female name will be drawn because the teacher is a
female (Watson & Callingham, 2003).

In the second level, informal, students deal with context more than it is done so in
the first level, but this engagement still depends on students’ perceptions. Their
answers may involve beliefs that are not statistical or do not include relevant
aspects. For example, a student at this level answers a question about forming a
sample like “ask everyone” or “ask the people I meet”. He does not consider the
aspect of representativeness of the population. Yet another example that could be
given is that for the definition of the concept of average, they may use a single
word like normal or only give an example to illustrate average (Watson &

Callingham, 2003).

In the inconsistent level, characteristics observed begin to reflect the requirements
of the second tier of Watson. In this level, the format of the items determines
students’ engagement with the context. If items provide additional support,
students’ engagement is more. For instance, while students use colloquial ideas in
defining ‘being average’ in an open-ended task, when the question was given in a
multiple-choice format, they could choose the appropriate alternative. Beyond
single features, students at this level focus on more features; however, instead of
using quantitative statistical ideas, students use qualitative ones; for example,
students say that since there are more female names in the hat, choosing a female
name is more likely. However, they do not express the probability of choosing a

female name.

In the consistent non-critical level, requirements for Tier 2 clearly are observed. In
this level, students engage with contexts, but this engagement does not involve
critical questioning. Students can make criticisms, but these are not ones that are
central. Definitions made at this stage involve multiple elements. At this stage,
students suggest appropriate variations for chance tasks. They begin to use
mathematical and statistical skills associated with mean, simple probabilities and

graph characteristics. For example, they compute the mean of a small data set but
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do not observe the effect of an outlier.

The last two levels necessitate critical thinking skills just like in the third tier of
Watson. In both of these levels, students critically engage with the context. They
focus on central issues in the criticisms they make at level 5. Students at level 5 are
more successful in concepts they are familiar with, just like in the school survey.
They are able to compute the mean and median of a small data set. Students show
that they appreciate variation with phrases like ‘It will be close to half’. The
difference between the two levels lies in the mathematical skills used. In the last
level, critical mathematical, in the task of drawing a female or a male name from a
hat, students give quantitative responses using proportional reasoning instead of
qualitative ones like “the same” or “more”. At this stage, students summarize the
information given in graphs instead of merely reading data from the graphs.
Students at this level know when to use the median as the appropriate measure of

center.

This construct is closely related to the theoretical framework of Watson
(Shaugnessy, 2007). As previously stated, the last two levels are similar to the third
tier of Watson (1997), namely critical evaluation. While the objectives of the first
tier are observed across different levels, requirements of Tier 2 begin to appear at
level 3, inconsistent. Indeed, except for Tier 1, the tiers were separated into the two

hierarchical parts.

2.2.1.3 Four-Stage Framework of Sharma and her colleagues

Believing in the need for assessment in a classroom setting, Sharma, Doyle,
Shandil and Talakia’atu (2011) developed a four-stage framework for assessing the
statistical literacy of students as a result of activities experimented with grade 9
students. The framework is a modified version of the statistical literacy construct
proposed by Watson and Callingham (2003). The six levels in the statistical

literacy were reduced to four in the framework of Sharma et al. (2011). Those
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stages are Informal/Idiosyncratic, Consistent/Non-Critical, Early Critical and

Critical.

As the name suggests, the first stage, Informal/Idiosyncratic, is the combination of
the first two levels of Watson and Callingham (2003). Therefore, this stage
involves the performances of students for those levels, such as no engagement with
context occurs in this stage or when there is engagement, it depends on students’

personal beliefs.

Some of the requirements in the third level of Watson and Callingham (2003),
Inconsistent, are located in the second stage and some are found in the third stage
of Sharma and her colleagues’ framework. For instance, while using qualitative
statistical ideas on behalf of quantitative ideas means passing onto the third stage,

reaching conclusions without any justification is a requirement of the second stage.

The last stage includes all the requirements of the Critical Mathematical level of
Watson and Callingham (2003). In other words, students at this level engage in
context with a questioning attitude. Moreover, they utilize complex mathematical

and statistical skills in dealing with the context.

In the three sections above, some frameworks related to statistical literacy were
presented. In the next two sections, some models for statistical literacy will be

mentioned.

2.2.1.4 Two Elements the Model of Gal

In his paper, as previously mentioned at the beginning of Section 2.2, Gal (2002)
defines statistical literacy as the capability of interpretation, critical evaluation and
communication of statistical information and messages. These abilities are based
on several knowledge bases which are related with each other and also on
dispositions (Gal, 2002). In other words, the model of Gal assumes that statistical

literacy of adults is composed of two interrelated elements. They are knowledge
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and disposition as can be seen in Table 2.2.

Table 2.2 A model of statistical literacy (Gal, 2002, p.4)

Knowledge Dispositional
elements elements

Literacy skills Beliefs and Attitudes
Statistical knowledge Critical stance

Mathematical knowledge
Context knowledge
Critical Questions

v

Statistical Literacy

While the knowledge component involves five cognitive elements, the
dispositional component has two elements: (i) critical stance and (ii) belief and
attitudes. All of these elements will be explained respectively. Gal (2002) notes
that these components and elements are not independent of each other; in
combination, they provide a statistically literate behavior. Moreover, he states that
although they are necessary, an adult may not possess all of them to deal with in all

contexts.

The knowledge component consists of literacy skills, statistical and mathematical
knowledge, context knowledge and critical questions. To begin with, all statistical
messages are sent within written or oral texts. Therefore, some literacy skills are
inevitable to be a statistically literate adult. To comprehend the main text and the
ones accompanying it, and to communicate ones’ opinions, which are stated as
text-processing skills by Gal (2002), are very significant to understand statistical
messages. To express the relationship between literacy and statistical literacy, Gal
(2002) mentions document literacy. He uses the document literacy concept of

Kirsch and Mosenthal (1990). According to them, identifying, interpreting and
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using information given in lists, tables, charts, and graphs form the document
literacy, which actually explains the clear connection between general literacy and

statistical literacy.

The second knowledge element is statistical knowledge, which includes basic
statistical and probabilistic concepts and procedures. This element shows a clear
requirement for understanding statistical messages. According to the results of
several research studies, Gal (2002) determined five important parts of this

knowledge base. They are shown in Figure 2.1.

1. Knowing why data are needed and how data can be produced

2. Familiarity with basic terms and ideas related to descriptive statistics

3. Familiarity with basic terms and ideas related to graphical and tabular displays
4. Understanding basic notions of probability

5. Knowing how statistical conclusions or inferences are reached

Figure 2.1 Five parts of statistical knowledge base (Gal, 2002, p.10)

Figure 2.1 indicated that first of all adults should understand the necessity of data
for research results, and also at least informally they should have information
regarding data collection (Gal, 2002). Familiarity with the reason of conducting
some commonly used designs in media, such as experiments or surveys, are also
necessary for a statistically literate adult. Familiarity with some generally used
basic concepts to send results, such as measures of center or percent and some
graphs and tables to organize the collected data, comes after acknowledging the
necessity of the data. Moreover, adults should interpret the language of chance and
understand, at least intuitively, the variability underlying chance events. The last
knowledge base is related to statistical inference. Gal (2002) believes that a
statistically literate adult should have some basic ideas related to data analysis and

the conclusions derived from it.
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Beyond these knowledge elements, knowing the mathematical procedures behind
statistics will allow for a more effective interpretation of them (Gal, 2002).
However, Gal (2002) believes that it is not necessary to focus too much on the

mathematics behind the statistics computed.

One of the other knowledge bases to understand statistical messages is the
knowledge of context. According to the Gal (2002), the context facilitates the
interpretation of the results obtained from the analysis. With the help of the
context, sources of variation and error could be easily predicted. It is not easy for
an adult to detect the mistakes in a study or to present alternative interpretations for

results without understanding the context.

Critical skills in the framework of Gal (2002) is similar to the third tier in that of
Watson (1997). Because of subjective report findings, conclusions or
interpretations in the media, adults have to question everything presented to them.
He states that adults should ask “worry questions” to examine the nature, validity
and reliability of the messages sent. For example, when faced with a graph, a
statistical literate adult could firstly ask and then be able to answer the question “Is

a given graph drawn appropriately, or does it distort the trends in the data?

Evaluating critically statistical messages implies an action for adults (Gal, 2002).
That is to say, in this process, adults are not in a passive situation. Gal (2002)
believes that some dispositions are necessary for this action whether it is hidden or
visible. As can be seen in Table 2.2, those dispositions are critical stance, and
belief and attitudes. By critical stance, Gal (2002) means being prepared and
dispositioned to ask his or her worry questions when encountered with data or
statistical messages. To have a critical stance, adults should have a questioning
attitude and a belief that it is not in conflict with taking a critical action. They have

a right to be critical about statistical messages, and to ask “worry questions”.
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2.2.1.5 Watson’s Statistical Literacy Model

In 2006, Watson presented a model for statistical literacy, which have some similar
characteristics with Gal’s model (2002). She formed her model based on the result
of several studies which assessed students’ level of statistical literacy after the
three-tiered hierarchical framework of Watson (1997) and the statistical literacy
construct of Watson and Callingham (2003) were described. The model reveals
major components of statistical literacy and their relationship with each other. The
components are context, mathematical/statistical skills, literacy skills, task
motivation, task format and data and chance curriculum. The components and their

relationships with each other can be seen in the Figure 2.2.

Context

Data collection- y Mathematical
Sampling Statistical skills

A

Representation- | —

Graphing

Data Reduction- . Y

Average > sn_mstlcal Task
Literacy Motivation

Chance

Inference

t ,

Variation

Literacy Task Format

skills

Figure 2.2 Relationship among components of statistical literacy (Watson, 2006,

p.248)

The first component which is located on the left side of the model is data and
chance curriculum. This component involves concepts in statistics and probability,
namely data collection, data representation, data reduction, chance and inference.
This component shows similarities with the statistical knowledge element of Gal
(2002) but in the model of Watson (2006), the essential objectives for each concept
is described in more detail. For instance, regarding the data representation concept,
it is stated that students should be able to understand messages from the graphical
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displays, interpret them, and discover graphs that mislead individuals.
Understanding the meaning of average in a given context, and interpreting the
effectiveness of different types of measures of central tendencies are some of the
requirements for the concept of average. For the concept of sampling, students
should be able to understand the meaning of the concept of sample and the
necessity of representative samples or evaluate possible bias in sampling.
Analyzing graphical representations and making inferences from them, like
comparing two groups and questioning the inferences made in the media are

abilities needed for the concept of inference.

The second component which Watson (2006) believes is the main reason for
statistics and has an effect on each of the concepts in the data and chance
curriculum is variation. Regarding the concept of variation, students should be able
to know what variation means, and how variation and sample are related. They

should also be able to use variation while comparing two groups.

Mathematical and statistical skills form the third component of Watson’s model.
Mathematical skills involve the understanding of some concepts generally found in
middle school curricula, such as proportions, part-whole relationships or percent.
Students’ lack of information about mathematics like fractions, decimals, and
algebraic formulas block their understanding of statistical content (Ben Zvi &
Garfield, 2004). By statistical skills, Watson (2006) means calculation of averages
or basic probabilities. Definitions of terms also form an important part of

mathematical and statistical skills.

Similar to Gal (2002), Watson (2006) regards context as a crucial component of the
model. In the model, she mentions three types of contexts. They are isolated,
familiar and unfamiliar contexts. While flipping a coin forms an example for
isolated contexts, a school survey is a familiar context for students. Media extracts
are good examples for unfamiliar contexts (Watson, 2006). She believes that

unfamiliar contexts, among others, are the better ones for appreciation of the
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contexts and provide higher levels in statistical literacy.

Literacy skills is a clear component of statistical literacy since the concept itself
includes the word literacy (Watson, 2006). As Gal (2002) makes a connection with
the model of Kirsh and Mosenthal (1996) to reveal the connection between literacy
and statistical literacy, Watson (2006) reveals this by making connections between
The Four Resources Model of Luke and Freebody (1997). Their models are not
hierarchical but necessitates a literate person to understand and interpret given texts
and then to be able to form alternative meanings from them and lastly question the
text appreciating some of them can include subjectivity. The consistency among
the elements of literacy by Luke and Freebody (1997) and the tiers in Watson’s
theoretical framework (1997) reveals the relationship between literacy and

statistical literacy.

Format of the task is another factor having a role in statistical literacy. Tasks can be
either open-ended or multiple choice. Multiple choice tasks are more suitable when
recognition of an answer is sufficient instead of constructing it, which is requested
in some of the statistical literacy levels (Watson, 2006). However, open-ended
tasks are the best if statistical understanding or questioning ability is to be assessed

(Watson, 1997).

The last component of the model resembles the dispositional elements of Gal
(2002). It is named as task motivation in the model. Although Watson mentioned
only cognitive elements in her framework in 1997, she added an affective element
to her model in 2006. With this component, she addresses all the dispositions of
students to the task presented. These dispositions are a determining factor in

reaching conclusions along with other components (Watson, 2006).

To conclude, there are several frameworks and models regarding statistical literacy
in the literature and these models and frameworks have some similar and different

characteristics. The aim of this study is to analyze statistical literacy of students
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regarding the concepts of average and variation on bar and line graphs. These
concepts were chosen because they are the concepts in focus regarding statistics in
the middle school curriculum in Turkey. Moreover, the necessary objectives for
statistical literacy for the concepts of average and variation were mentioned in
detail in the last model. Therefore, the last model and the framework of Watson
and Callingham (2003), which is related to the model, were utilized in this study.
How to use the framework to analyze statistical literacy levels of students will be
explained in detail in the method chapter. The following section dwells on several

research studies on statistical literacy.
2.3 Research on Statistical Literacy

Research on statistics began to gain increasing importance in accordance with the
call for Shaugnessy in 1992. In a similar manner, research regarding statistical
literacy of students has been conducted for about 20 years. In this section, results of
some of these studies are presented. The aim of the current study is to analyze
students’ statistical literacy regarding the concepts of average and variation on bar
and line graphs. Therefore, studies concentrating on the concepts of average,
variation and data representation are the focus of this section. Furthermore, studies
conducted not only in the context of statistical literacy but have important results

regarding the concepts of the current study are presented.

2.3.1 Research on Students’ Understanding of Average

Average is a power tool of statistics since it reduces a huge amount of information
to a manageable form (Shaugnessy, 2007). The concept of average has been
attracting the attention of researchers for a long time in the literature. Strauss and
Bichler (1988) are some of those researchers. In their study in 1988, they focused
on computational properties of the mean. For instance, they measured whether
students aged between 8 and 14 were aware that mean was affected by extreme

values or mean did not need to be a value in the data set. It was found that students
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could understand that some properties, such as mean, are affected by specific
points in the data set or should be between extreme values. On the other hand,
complicated properties, like including a zero value in the calculation of a mean or
sum of deviations from the mean equals zero, were difficult for students (Strasuss

& Bichler, 1988).

Conceptual studies regarding the concept of average began to be conducted in
1995. (Shaugnessy, 2007). Mokros and Russell (1995) analyzed fourth to eight
grade students’ understanding of representativeness by asking students to construct
data sets. Furthermore, they examined the relationship between students’ informal
understanding of representativeness and their understanding of the mean that they
had learnt in school. The application of two construction problems, one
interpretation and one weighted means problem revealed five approaches that
students used in solving problems. Although many of the students used more than
one approach, researchers determined a predominant approach of every student.
They separated these approaches mainly into two groups of approaches, namely
recognizing and not recognizing representativeness. These approaches will be

presented in detail in the following paragraphs.

The approaches of algorithm and average as mode were determined as the two
approaches that did not embody an idea of representativeness. Students who
recognized average as mode believed that average was the value that occured most
in the data (Mokros & Russel, 1995). Therefore, constructing a data set for these
students was regarded as easy since most of the data were placed into the mode.
However, it was stated that to make their data realistic, all of the data were not
placed into the mode, which is an indication that students also depended on their
experience. For these students, the most in the data set was thought as the most
typical one; therefore, the representative value of the average in the data set given
was not recognized by these students (Mokros & Russel, 1995). Researchers
asserted that even in questions with higher values of representativeness, those

values were ignored and the focus was turned directly to the mode of the data. In
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addition to the mode, egocentric arguments were used by these students in their
interpretations or constructions (Mokros & Russel, 1995). Furthermore, it was
observed that the mean algorithm that students had learnt in school was not used by
almost all of the students assuming the approach of recognizing average as mode.
Researchers stated that even when students tried to use it, the algorithm they
applied had little mathematical sense. Algorithmic approach was another approach
that did not not recognize average as a value representing the data set as a whole
(Mokros & Russel, 1995). It was concluded that these students knew the procedure
to find the mean and directly apply this procedure when they encounter a problem.
However, whether or not this procedure made sense was not considered; moreover,
the data, the mean of which was computed was not taken into consideration either
(Mokros & Russel, 1995). In other words, these students had the idea of what
Mathew and Clark (2007) named as “process conception”, meaning accepting the
concept as a process, not as a measure of central tendency. It was observed that
some of the students used some algorithms which were not meaningful. As in the
study of Cai (1995), although students could compute the mean, they could not

reverse the procedure to find total or specific data points.

On the other hand, approaches that recognize average as representative are average
as reasonable, midpoint and mathematical point of balance (Mokros & Russel,
1995). What is typical in their own lives and what is mathematically reasonable
were used as meanings for average for students using the reasonable approach.
These students combined mathematics with real life and could use the mean
algorithm (Mokros & Russel, 1995). However, it was observed that these students
had a misconception that average is only an approximation if all of the data points
are not given; therefore, the mean could not be computed by these students when
sub-means were given. This is a similar result reported by Pollatsek, Lima and
Well (1981). Pollatsek et al. (1981) observed that many undergraduate students
could not compute weighted mean when sub-means were given. Like the students

in the mode approach, these students also had egocentric arguments but they knew
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that average is something about the distribution of the data and some conceptions
of representativeness, which is the trigger for future developments (Mokros &

Russel, 1995).

There were some students, mostly eighth grade students, who constructed and
interpreted their data according to the middle in the study of Mokros and Russel
(1995). Researchers expressed that these students know that the middle value in the
data represents the data given. Real life experiences and mean algorithm were used
for checking their solutions (Mokros & Russel, 1995). One problem which the
researchers observed with these students was that they were only successful with
symmetrical distributions. They had difficulty in constructing non-symmetrical
distributions (Mokros & Russel, 1995). The last approach revealed by Mokros and
Russell (1995) was average as a mathematical point of balance. Mean is a balance
point in the data set (Hardiman, Well & Pollatsek, 1984). In other words, total
deviations above or below the mean are the same. Although there were no students
in this study using this approach, some ideas were begun to be shown by two
students, one sixth and one eight graders (Mokros & Russel, 1995). It was realized
by the researchers that instead of equating deviations from the mean, these students
balanced the totals below or above the means. Named by researchers as balancing
total, the sum of the data points below or above the mean value was tried to be
equated by these students. It seems that these students regard the mean as an equal
sign. According to the researchers, although the ideas of these students were
incorrect, they were looking for a balance point considering all of the data points.
Moreover, these students were the ones who understood the data-total-mean
relationship better (Mokros & Russel, 1995). Researchers asserted that the idea of
representativeness is a foundation for the concept of average and it seems that
students lose their informal knowledge of representativeness when they learn to
find the mean. It was suggested that lessons should be designed so that they can
connect new knowledge with their informal ideas of representativeness. If students

mostly focus on procedures, they should be directed to summarizing and
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comparing data sets (Mokros & Russel, 1995).

Another conceptual study regarding to the concept of average similar to that of
Mokros and Russell (1995) was designed by Watson and Moritz (2000). Questions
like “Have you heard about the word average before?” and “What does an average
of 3 hours of TV per day mean?” form the difference from the study of Mokros and
Russell (1995). Even though it was not stated directly, in this research, the
statistical literacy of students regarding the concept of average was analyzed
according to the three-tiered framework, with specific focus on Tier 1 and Tier 2.
Students’ grades were between 3 and 9. Moreover, this study was a longitudinal
one since the researchers wanted to examine students’ understanding of average
over time. Contexts in the study required students to use arithmetic mean in
response to the results of the studies where students understood the average
concept generally in terms of middle and most (Mokros & Russell, 1995). It was
concluded that as students grew older, they began to realize the concept of average
as a summary statistics representing a data set, which is a consistent result with that
reported by Mokros and Russel (1995). In each grade, average was seldom
described as representative. Instead, either colloquial language was used, like the
average is “Okay...” or the ideas about middle or the most was mentioned in the
questions asking for the meaning of average, as in the study of Mokros & Russell
(1995) (Watson & Moritz, 2000). It was concluded that students realized the mean
only as an add and divide algorithm, which is a consistent result with that reported
by McGatha et al. (2002). However, most of the students beyond Grade 6 could not
use the algorithm in a more complex problem solving task (Watson & Moritz,
2000). It was also observed that if students understand how to use the algorithm in
a difficult setting, they can use that understanding in most of the situations without
difficulty. Moreover, researchers believe that students’ ideas of middle and the
most about average could be a good starting point for classroom discussions. They
also recommend delaying the teaching of mean until students develop strong

informal understandings as with Backer and Gravemeijer (2004).
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In another study, Watson and Moritz (1999b) examined students’ statistical literacy
related to the third tier of statistical literacy. They provided students with an
authentic report from the media. In the report, a median house price and an average
wage earner were the two statements that researchers focused on. First of all,
students were asked for the meaning of average and median in the report (Watson
& Moritz, 1999b). Then, the researchers asked the reason underlying the use of
median related to the third tier of statistical literacy. While students described
average the same way it was done so in the study of Watson & Moritz (2000)
mentioned above, very few students could mention the effect of prices of cheap or
expensive houses in cases where the mean was calculated (Watson & Moritz,
1999b). Researchers suggest explicit instruction regarding the effectiveness of

different measures of central tendency in various contexts.

Conceptual studies about the concept of average continued in the year 2002 with
the study of Konold and Pollatsek. Researchers offered four conceptual
perspectives for the concept of average by extending the work of Mokros and
Russell (1995). They are average as typical value, fair share, data reducer and
signal amid noise. Appreciating variability as noise in a data set, researchers
believed that average is a signal in this noisy environment, adding a new notion to
the literature. This perspective was regarded as the most important among others
since this conception is most useful in comparing data sets. Furthermore,
comparing data sets is a good introduction for the concept of average (Konold &

Pollatsek, 2002).

In the literature, there are also some studies to develop students’ conceptions
related to the concept of average. For instance, taking into consideration the above
mentioned advice made by Mokros and Russell (1995) and by Watson and Moritz
(2000) in delaying the teaching of the mean, Makar (2013) developed a learning
trajectory to develop third grade students’ conceptions of average. Students’
conceptions of average were tried to be developed not with the comparison of data

sets as suggested by Konold and Pollatsek (2002), but through informal inference.
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It was observed that in answering the question “Is there a typical height for year 3
students? If so, what is it?”, students developed their conceptions starting from
average as a reasonable approach stated in Mokros and Russell (1995). Students
reached the idea of average as representative passing from the ideas average as

mode and middle (mid-range) value, respectively.

The effect of different contexts on students’ understanding of average has also been
investigated in recent years (Watson, Chick, Callingham, 2014). Concentrating on
the second tier in the framework of Watson (1997), students were requested to
interpret average in two different contexts, namely weather and home prices. The
context of home prices was the one stated in the study of Watson and Moritz
(1999b). One of the questions regarding the average number of children in a
neighborhood asked for a specific numerical answer by using the procedure for
finding the mean. Participants of the study were 247 students whose grades varied
between 6 and 11. The performance of students showed variation across two
different contexts which asked for the meaning of average. This showed that
different contexts have different effects (Watson, Chick, Callingham, 2014). One
of the expectations of researchers from this research was that there should be some
kind of relationship between knowing the median and applying the mean.
However, such a relationship could not be observed. Furthermore, it was concluded
that performances of male students were higher in all of the questions than those of
females but this difference was not statistically significant, which is contradictory

with the results of Yolcu (2014) and Carmichael and Hay (2009).

The above mentioned studies were all about students’ understanding of average.
There were also studies in the literature focusing on teachers with respect to the
concept of average. It was found that teachers’ understanding of this concept was
not much different from the understanding of the students (Jacobbe & Carvalho,
2011). Leavy and O’Loughlin (2006) observed that among teachers, the mean was
the most common idea related to the concept of average. Furthermore, it was

concluded that it was not easy for teachers to differentiate mean from median and
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mode (Leavy & O’Loughlin, 2006). Similarly, Hobden (2014) identified the
statistical literacy levels of prospective teachers who were involved in an
experiment for a new course in South Africa, Mathematical Literacy. Researcher
tried to determine statistical literacy of the teachers regarding the concept of
median within the context of HIV/AIDS survival times. It was found that the
statistical literacy levels of teachers were low and more than half of the teachers
did not have any idea regarding average or median. Some teachers interpreted
median survival time as maximum survival time (Hobden, 2014). The results were
surprising for the researcher since the teachers had completed a data handling
module involving the concept of median just before the study. According to the
researcher, these results reflect the gap between conceptual and procedural

understanding of statistical concepts.

In conclusion, there are various studies regarding the concept of average in the
literature. These studies revealed that students have some deficiencies regarding the
concept; for instance, they do not know the representative nature of the average or
they could not use average while comparing two data sets. However, contexts have
a huge effect on students’ understanding of average (Watson et al., 2014).
Therefore, in the present study, students’ statistical literacy, more specifically their
interpretation and critical evaluation of the concept of average, was examined by
presenting students some alternative contexts. Furthermore, when three measures
of central tendency, namely mean, mode and median, are appropriate to be used,
they are one of the foci of this study. In the literature, there are various studies
examining whether students will realize the need to use the median when there is
an outlier in the data. However, in the accessible literature, studies analyzing
whether students could use the mode of the given data when the data were
categorical was limited. Furthermore, in the studies regarding the use of the median
in case of an outlier, data was generally presented directly to the students. In the
present study, data were displayed on bar and line graphs, which in turn, could

have an effect in realization of the outlier.
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In the section that follows, some studies related to students’ understanding of the
concept of variation, which is another concept this study concentrated on, are

summarized.

2.3.2 Research on Students’ Understanding of Variation

Research on students’ understanding of variation began to become more
widespread when Shaugnessy, in his first review of statistics in 1992, stated the
need for students’ understanding of variability in addition to their understanding of
measures of central tendency (Shaugnessy & Ciancetta, 2002). One of the earliest
studies regarding the concept was assessing students’ ideas of variation in a
sampling environment (Shaugnessy, Watson, Moritz & Reading, 1999). The
Gumball Problem in the National Assessment of Educational Progress (NAEP)
exam in 1996 is a motivation for the researchers. The Gumball Problem can be

observed in Figure 2.3.
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A gumball machine has 100 gumballs in it: 20 are yellow,

30 are blue, and 50 are red. The gumballs are all mixed up
inside the machine. Jenny gets 10 gumballs from the machine.
What is your best prediction for the number of gumballs that
will be red?

Why do you think this?

Figure 2.3 Gumbeall problem (NAEP, 1996)

It was observed that students give only one answer to this problem instead of
suggesting an average. Shaugnessy et al. (1999) modified this problem into a
similar task, namely the Lollie task, so that students could offer a range of

possibilities. In this way, they could analyze students’ thinking on variation in a
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sampling situation. Results showed that students offered lists with high, low, wide,
narrow, and reasonable variation (Shaugnessy et al., 1999). It was stated that
students presenting high variability believe that this is because there are more of
the red ones. On the other hand, students, mostly 4t graders, believed that since
there were more non-red ones, the list should involve less red ones (Shaugnessy et
al., 1999). Furthermore, it was observed by the researchers that most 12" grade
students presented a short list for choosing 10 lollies of five people such as 5, 5, 5,
5, 5 because 5 is the most likely outcome. These results suggested that students
lose their intuitive ideas of variation in the school years just as they lose their ideas
of representativeness when they learn the concept of mean (Mokros & Russell,

1995).

In later years, several research studies were conducted based on the Lollie task to
analyze students’ understanding of variation (Reading & Shaugnessy, 2000;
Watson & Kelly, 2002). Reading and Shaugnessy (2000) developed a hierarchy
based on students’ description of variation as a result of the analysis of the
interviews with 12 students by means of the Lollie task in 2000. The Description

hierarchy can be seen in Table 2.3.

Table 2.3 Description hierarchy of Reading and Shaugnessy (Reading, 2004, p.87)

Levels Focus of Responses

D1 - Concern with Describe variation in terms of what is happening with either extreme
Either Middle Values or  values or middle values. Extreme Values are used to indicate data items
Extreme Values that are at the uppermost or lowest end of the data, while Middle Values

indicate those data items that are between the extremes.

D2 - Concern with Both  Describe variation using both the extreme values and what is happening

Middle Values and with the values between the extremes.

Extreme Values

D3 - Discuss Deviations  Describe variation in terms of deviations from some value but either the

from an Anchor anchor for such deviations is not central, or not specifically identified as
central.

D4 - Discuss Deviations  Describe variation by considering both a centre and what is happening
from a Central Anchor about that centre.
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Reading and Shaugnessy (2000) expressed that at the most basic level, students
describe variation with either middle or extreme values. At the next level of
sophistication, students begin to use both middle and extreme values (Reading &
Shaugnessy, 2000). It was observed that while students start to look at deviations
from a value which is not determined at the third level, at the last level they

describe variation in the data using deviations from a center.

Different from the above studies, in 2002, students’ understanding of variation was
also examined in a probability environment by Shaugnessy and Ciancetta. Their
motivation was the result of a question again in NAEP (1996), which can be seen

in the figure below.

The two fair spinners above are part of a carnival game. A player wins a prize only
when both arrows land on black after each spinner has been spun once.

Jeff thinks he has a 50-50 chance of winning. Do you agree?

A Yes B No Justify your answer.

Figure 2.4 Spinner task (NAEP, 1996)

In this exam, it was observed that only 8% of the 12" grade students had given a
correct response and justified their response correctly. Researchers considered that
this could derive from the fact that students enrolled in the exam had not taken any
mathematics lessons for several years. Subsequently, researchers decided to apply
this task to students taking different levels of mathematics whose grades varied
between 6 and 12. The results showed that when students’ involvement in
mathematics increased, their success in the spinner task also increased (Shaugnessy
& Ciancetta, 2002). It was concluded that 97% of 11™ and 12" grade students who

had taken the calculus course correctly responded to the question in the spinner
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task by providing accurate justifications to their reasoning. It was observed that the
performance of students who had taken intermediate level mathematics was just
like that of the students in the NAEP (1996). They could not list the sample space
for this probability task (Shaugnessy & Ciancetta, 2002). Researchers thought that
playing the game may allow these students to observe variation and then provide
the sample space. Therefore, they also investigated whether or not playing these
spinners and gathering real data had an effect on students’ understanding of
variation. For this analysis, researchers interviewed with 28 students, who had not
participated in the survey. It was found that while only 4 students could list the
sample space before playing, this number increased to 12 out of 28 after playing
with spinners (Shaugnessy & Ciancetta, 2002). From this result, researchers
reached the conclusion that when students observed the variation in probability
environments, they could compose the sample spaces themselves. Indeed, several
research studies revealed that if students did their own experiments, either forming
their own sample spaces as in the above study or trying to compare different
groups, their appreciation of variation was developed much more compared to the
beginning (Shaugnessy, Watson, Moritz & Reading, 1999; Watson, Skalicky,
Fitzallen, Wright, 2009; Ben Zvi, 2004).

On the other hand, in 2003, Watson, Kelly, Callingham and Shaugnessy developed
a survey covering the data and chance curriculum in which variation occurs
automatically believing that to be able to understand students’ understanding of
variation, their understanding of change should be measured while measurements
are made or events occur rather than assessing their understanding of standard
deviation. They analyzed variation in chance, sampling and data handling contexts
separately, and most of the questions were appropriate to the statistical literacy
framework of Watson (1997). From the analysis of the results, four levels of
understanding of variation, which fit well into the statistical literacy framework of
Watson (1997) and that of Luke and Freebody (1997) were determined (Watson et
al., 2003). The levels are presented in Table 2.4.
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Table 2.4 Relationship of levels identified with the statistical literacy hierarchy
(Watson et al.,2003, p.20)

Variable mapping Luke and Freebody Statistical literacy hierarchy
(figure 1) [41] [40]

Level 4 — Critical aspects of Text analyst Tier 3 — Ability to question
variation: Employing Critical practice claims

complex justification or
critical reasoning

Level 3 — Applications of Text user Tier 2 — Application in
variation: Consolidating and Pragmatic practice context

using ideas in context,

inconsistent in picking

salient features

Level 2 — Partial recognition Text participant

of variation: Putting ideas in Text-meaning practice
context, tendency to focus on

single aspects and neglect

others
Level 1 — Prerequisites for Code-breaker Tier 1 — Language,
variation: Working out the Coding practice definitions/processes

environment, table/simple
graph reading, intuitive
reasoning for chance

Levels in Table 2.4 were different from the levels in the description hierarchy of
Reading and Shaugnessy (2000). It was stated that at the first level, students only
recognize variation in simple contexts and they generally depend on their
experience in the justification of the results. At the second level, students begin to
use qualitative chance statements; however, their reasoning still does not reflect
understanding of variation (Watson et al., 2003). Furthermore, it was observed that
the word variation was familiar for students but they could not define the concept.
Researchers expressed that they started to apply variation at Level 3. For instance,
their offerings for 60 dice throws involved variation but that variation was not
appropriate (Watson et al., 2003). Researchers observed that at the last level,
students’ understanding of variation was complete. In other words, they could
present appropriate variation for spinner and dice tasks, and define the concept of
variation correctly without depending on any example; in addition, they knew the
significance of varying values in the computation of a mean (Watson et al., 2003).

As previously stated, it was asserted by the researchers that levels identified a good
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fit into the framework of Watson (1997). Although Level 2 and Level 3 could
match with Tier 2 and Level 4 with Tier 3, understandings of basic concepts in
statistics and probability, which are requirements for Tier 1, began at Level 3 and
were completed at Level 4. Therefore, it was thought that Tier 1 that matched with
Level 1 in Table 2.4 can be placed at Level 3 and Level 4.

In addition to students’ understanding of variation in a sampling or probability
environment, their understanding was also assessed in a natural environment,
namely the weather context, believing that weather is a context, in which everyone
appreciates the variation (Watson & Kelly, 2005; Reading, 2004). Watson and
Kelly (2005) interviewed 73 students from prep school to grade 9 using a Weather
protocol for data collection. An average temperature of a city in Australia was
given in the protocol and then some questions based on this average temperature
were asked (Watson & Kelly, 2005). The questions in the protocol asked students
to explain what the given average temperature tells about the temperature for that
city, to suggest temperatures for different months in the year, to generate a graph
for the given average and to analyze different graphs (Watson & Kelly, 2005).
Older students were also asked to define variation. Questions in the protocol show
that statistical literacy of students regarding the concepts of variation were
analyzed in accordance with the statistical literacy framework of Watson (1997).
Researchers presented the results of the study through four variables in accordance
with the protocol. They are explanation, suggested data, graphing and definition
(Watson & Kelly, 2005). It was observed by the researchers that the performance
of students increased across the grades for all variables except for explanation. The
results showed that students’ explanations of variation when an average is given
improves up to 7" grade but then their performance drops (Watson & Kelly, 2005).
Researchers believed that this reflects the inadequate connection between the
concepts of average and variation in classrooms. Researchers asserted that the
performance of students was better on graphing. Moreover, relationships between

different pairs of variables were examined in the study, and although the
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association between pairs was not as much as expected, the strongest relationship
was between the definition and graphing variables (Watson & Kelly, 2005).
Furthermore, it was concluded by the researchers that if students could suggest
appropriate varying data to a given average, their performance on graphing was
better. Researchers stated that the difference in performance was not observed
when students’ understanding of variation was compared with their understanding
of variation in a sampling or probability environment. At the end of their articles,
researchers suggested that presenting students with a table showing daily
temperatures of a month and asking them to summarize the information, or
presenting students graphs with different variations about the same mean could be

used to develop students’ explanations of variation.

The weather context was also used by Reading (2004) to examine how students
describe variation in an inference task. They gave students data related to weather,
and asked them to suggest a month for a new celebration. Based on the hierarchy of
Reading and Shaugnessy (2000) for description of variation in a sampling
environment mentioned above, Reading (2004) examined students’ answers and
developed this hierarchy further (see Table 2.5). As can be observed in the Table
2.5, the results of the research showed that students’ description of variation needs
does not only quantitative but also qualitative explanations (Reading, 2004).
According to the researcher, these qualitative descriptions are statistically less
complicated than the first two levels of the description hierarchy of Reading and
Shaugnessy (2000). Besides, the second cycle was very similar to the first two
levels of the description hierarchy. Reading (2004) stated that the absence of more
statistically complicated answers, that is, answers in the third and fourth levels in
the hierarchy of Reading and Shaugnessy (2000), did not make it possible to refine
those levels. That is why, Reading (2004) suggests refinements of these levels by
studying with more advanced students. Developing students’ description of
variation using graphical representations and considering the influence of average

when describing variation were among the other suggestions of the researcher.

42



Table 2.5 Refined version of the description hierarchy of Reading and Shaugnessy
(Reading, 2004, p.97)

First Cycle
Qualitative Responses

element - qualitative feature of variation of data

U1 - unistructural - one
qualitative feature of
variation

magnitude related - in an absolute sense to give indication of size of
change, e.g., pretty much consistent

or arrangement related - in a relative sense to give position, e.g., spread
out pretty evenly

M1 - multistructural -
more than one qualitative
feature of variation

limiting related - set limits on the data values, e.g., doesn 't get too hot

and/or sequential related - deal with data item by item, e.g., lots of dry
days then a couple of wet days then a lot of dry days again

R1 - relational - link
qualitative features of
variation

link the general limit with the discussion of blocks sequentially, e.g.,
seems to fall pretty regularly but the amounts are not too much .. main
pattern seems to be a short spell of dry days (3-5days) and then I or 2
wet days but rain is pretty light and not a large amount falls ...

Second Cycle
Quantitative Responses

element - quantitative feature of variation of data

U2 - unistructural - one
quantitative feature of
variation

based on extreme values - discuss maximum, minimum, range
or interior values - refer to blocks or patches of days

M2 - multistructural -

based on extreme values and/or interior values, e.g., refer to range but

more than one
quantitative feature of
variation

R2 - relational - link
quantitative features of
variation

also to the rise and fall of temperatures throughout the month

linking of extreme values and interior values may suggest immature
notions of deviations, e.g., discussions including day-to-day deviations
or ‘averaged’ deviations from day-to-day

The literacy aspect of the concept of variation was also analyzed by several
researchers in the literature. For instance, Watson and Kelly (2008) analyzed
personal concepts definitions of 3, 5, 7 and 9™ grade students regarding the concept
of variation as well as the concepts of random and sample. Researchers also
provided students with instruction to examine whether their ability to define
statistical vocabulary improved or not. The analysis of the results revealed that
students’ use of statistical vocabulary is very limited, showing their lack of interest
in literacy skills in describing mathematical ideas in the middle school years
(Watson &Kelly, 2008). Many students could not define the three terms and some
of them confused the words with the words that they used in everyday language
(Watson &Kelly, 2008). Nevertheless, researchers observed an improvement in the

performance of students after they were provided with instruction. For instance,
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while students could not describe variation before instruction, they tried to define
the same word as “a variation of something like food etc.” after the instruction
(Watson &Kelly,2008). That is why, researchers stressed the importance of middle
school years in the development of verbally expressing ideas and concepts. It was
also shown that students could give examples of samples, random phenomena and
things that vary, which could be a good starting point for classroom activities and

the development of concepts.

Different from the above-mentioned studies, students’ understanding of variation
was also measured in comparisons of groups (McGatha, Cobb & McClain, 2002;
Shaugnessy, 2003b, Lewis, 2016). For instance, in a recent study in 2016, Lewis
examined middle grade students’ understanding of variation by having them
compare two box-plots. Giving students five-number summaries of distances of
gummi bears from a catapult placed either in the back or belly, the researcher first
asked the students to form box-plots and then compare the two plots to discover
whether there is a significant difference or not. The results revealed that in
comparing distributions, most of the students did not use the box-plots they had
created nor any of the five-number summaries given to them (Lewis, 2016). The
researcher observed that some of the students used ideas regarding variation using

qualitative descriptions like “Both plots are equally consistent.”

In addition, the study of Gal, Rotschild and Vagner (1989) was one of the earlier
studies regarding comparisons of groups. The researcher presented students, 3 and
6" graders, with 9 comparison questions from two domains, namely outcomes of a
frog jumping contest and scores on a school test. In the analysis, researchers
focused on the strategies students used when making comparisons, not mentioning
students’ use of variation. The findings revealed that most of the students had
difficulty in comparing groups having an equal mean, mode and symmetry of
distribution (Gal et al., 1989). Furthermore, the researchers asserted that

comparisons involving different group sizes were the most difficult for students.
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The researchers identified three strategies, which are statistical, proto-statistical and
other/task-specific methods. In statistical strategies, students take into account all
of the data points, not the specific ones and they make their decisions by
summarizing the data in each group (Gal et al., 1989). It was found that in proto-
statistical strategies, students do not use all the information they have; instead, they
make their decisions by only taking into account various characteristics of the data
(Gal et al., 1989). For example, researchers observed that in some instances, third
graders made their comparisons only by looking at the mode; they did not consider
the actual values of the data. Other/task specific strategies included strategies like
addition (Gal et al., 1989). Researchers also encountered qualitative explanations as
in the study of Lewis (2016) mentioned above. To illustrate, “The frogs in this
team are less consistent because they are spread out more than the other team” was
one example of a qualitative explanation. These explanations were placed into the
category of other/task specific strategies (Gal et al., 1989). Though not stated by
the researchers, these students had qualitative appreciation of variation among data
sets as found in the hierarchy of Reading (2004). Researchers asserted that while
proto-statistical strategies are the strategies that were used by many students,
statistical strategies were used by very few students. This result for the third
graders was not surprising for the researchers since third graders had not taken any
statistical course. However, even though sixth graders had learnt some concepts

related to average, they could not apply this knowledge either.

A similar study to that of Gal et al. (1989) was the research of Watson and Moritz
(1999). The context was the comparison of two classes on a test. The grades of the
students varied between 3 and 9. The comparison groups can be seen in Figure 2.6.
As with Gal et al. (1989), Watson and Moritz (1999) also focused on the strategies
the students resorted to. To compare graphs, students used numerical, totaling or
finding average, and visual strategies (Watson & Moritz, 1999). It was realized that
some students focused on individual values in making their comparisons; for

instance, one student said, “Brown got a 7 and no one else did.” (Watson & Moritz,
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1999, p. 154). However, similar to the results which the study by Gal et al. (1989)
yielded, the researchers stated that very few students used average or computed
mean in comparing two graphs. Specifically, 10% and 54% of the students using
them were in Grade 6 and 9, respectively (Watson & Moritz, 1999). Researchers
believed that lack of students’ experiences in the use of mean in comparison of data
sets could be the reason underlying this result. Moreover, although the number of
students in Pink and Black class (see Figure 2.5) were different, students did not
realize this and concluded that Pink class is better (Watson & Moritz, 1999). When
the researchers asked how they would compare the two graphs if their sizes were

different, students resorted to visual strategies.
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Figure 2.5 Comparison groups given to students in the study of Watson and Moritz

(1999, p.151)
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Different from the aforementioned studies of Gal et al. (1989) and Watson and
Moritz (1999), Shaugnessy (2003b) and McGatha et al. (2002) concentrated on
variation in comparing data sets. Shaugnessy (2003b) used comparisons of Yellow-
Brown and Pink-Black classes (see Figure 2.6) with middle and high school
students. Shaugnessy (2003b) stated that when comparing Yellow and Brown
classes, students in both middle and high school used either average or variation in
their comparisons; however, only 4 high school students could use both of them in

their comparisons.

On the other hand, Shaugnessy (2003b) observed that students experienced
difficulty in the Pink-Black class comparison as in the study of Watson and Moritz
(1999). While most of the students decided that Pink class was more successful
because of the more data values, some of them calculated the average or considered
the distributional characteristics of the data, but they were few in number

(Shaugnessy, 2003b).

Different from the aforementioned comparison studies, McGatha et al. (2002)
provided students with two comparison tasks whose variations were different. One
of the tasks was about choosing a basketball player for the final game of the year
and the other was deciding on the month of a school trip when temperatures were
given. In both situations, the researcher expected that students should be able to
take consistency into consideration. It was observed that while three groups out of
eight could consider variation in the basketball task, five out of seven could do so
in the trip decision task. The other groups made their comparisons according to the
totals or means. The study of McGatha et al. (2002) reveals the effect of context on
students’ consideration of variation in that context has different effects on students’

understanding on average (Watson et al., 2014).

All of the studies mentioned above were related to the students’ understanding of
the concept of variation. In the literature, there are also some studies on the concept

of variation in relation to the teacher. For example, Hammer and Rubin (2003)
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observed that in contrast to the students in the study of Watson and Moritz (1999),
middle and secondary school teachers could use proportional reasoning when
comparing two groups whose sizes were not equal. Furthermore, Canada (2004)
conducted a qualitative study with thirty pre-service elementary mathematics
teachers regarding their conceptions of variation and developed a framework
including three elements: expecting, displaying and interpreting variation. Lastly,
Makar and Confrey (2005) wondered whether pre-service teachers would only use
mean when comparing two groups or they would also analyze variation and spread.
The researchers observed that pre-service teachers used some statistical terms like
mean, measure of spread, or they mentioned the shape of the data. It was also
found that pre-service teachers used non-statistical language, such as clumps,
chunks or spread out, which researchers believed could be the beginning of a more

complete understanding.

To summarize, various studies are present in the literature regarding students’
understanding of variation. Those studies found that students can describe
variation both qualitatively and quantitatively, their understanding of variation can
be improved with some experiments and they generally do not use variation when
comparing two groups. However, in the study of McGatha et al. (2002), it was
observed that different contexts have different effects on the consideration of
variation in comparison situations. Therefore, in the present study, students’
statistical literacy of variation, specifically interpretation and evaluation of the
concept of variation will be investigated in different contexts. Furthermore,
because of the positive effects of graphs on the realization of variation (Shaugness
& Pfannkuch, 2002), students’ understanding of variation was analyzed on
graphical representations. Different from the studies in the literature, bar and line
graphs were used in the current study. Lastly, taking into account the suggestion of
Watson and Kelly (2005), the current study analyzed students’ understanding of

variation in comparison of two graphs with equal averages and different variations.
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As stated previously, students’ understanding of average and variation was
examined on bar and line graphs in the present study. Therefore, the next section

summarizes the results of some studies regarding graphs.

2.3.3 Research Studies on Graphs

Graphs are tools conveying important messages regarding data by using small
amounts of place (Tortop, 2011) instead of huge descriptive writings (Ozgiin-Koca,
2001). With the use of graphs, some trends or irregularities are surfaced, which can
be hidden in when data are presented in a table form, and help individuals in their
predictions or decisions. This effect of graphs was clearly observed in the study of
Shaugnessy and Pfannkuch (2002). In their study, graphing the data given in the
table enabled students to discover the variation in the data and present good
predictions. This feature of graphs makes them a popular tool in newspapers,
textbooks or televisions (Shah, Freedman, & Vekiri, 2005); therefore,
comprehending them is essential for individuals (Friel, Curcio & Bright, 2001;
Shaugnessy, 2007). As such, graphs are given an important place in many
curriculum documents, including the Turkish curriculum (NCTM, 2000; MNE,
2018)

Different from the other concepts in statistics, due to their vast amount of use, a lot
of research exists regarding graphs (Shaugnessy, 2007). These research studies
include reading and interpretation of different kinds of graphs, possible factors
affecting graph comprehension, and difficulties and errors of students in graphs.
For the purpose of this study, generally studies regarding bar and line graphs are

mentioned in the following section, respectively.

One of the earlier research related to the the reading and interpretation of bar
graphs was the study of Pereira- Mondeza and Mellor (1991). Researchers
examined 4th and 7th grade students’ ability in reading and interpreting bar graphs.

They concluded that while students have a few problems regarding reading bar
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graphs, they could not make interpretations from the graphs given. Consistent with
findings reported by other studies, it was observed that they could discover patterns
in the graphs but could not make inferences beyond the data (Kirsch, Jungeblatt
&Mosenthal, 1988; Bright &Friel, 1998, Capraro, Kulm, Hammer, 2005). On the
other hand, Capraro, Kulm and Hummer (2005) provided students with data
regarding the number and types of pets of 14 students, and they asked students to
construct a graph which would enable them to find the typical number of pets in the
data sets. Mostly bar graphs and pie charts were constructed by 46% and 35% of
the students, respectively, and the others constructed line graphs (Capraro, Kulm &
Hummer, 2005). However, researchers realized that students could not find the
typical number of pets by interpreting their graph, which is an evidence indicating
students’ difficulties in interpretation. Furthermore, some students claimed that
their graphs were histograms, but they were actually bar graphs (Capraro, Kulm &
Hummer, 2005). Confusion with bar graphs and histograms was also observed in
the study of Baker, Corbett and Koedinger (2002) and Whitaker and Jacobbe
(2017). Whitaker and Jacobbe (2017) also indicated that 6 through 12 grade
students had some misunderstandings regarding bar graphs and histograms. In
1998, Bright and Friel also investigated students’ misunderstandings regarding bar
graphs. Researchers observed that students did not use the height of the bars to

determine the number of values; instead, they regarded them as a single value.

On the other hand, line graphs are representations revealing relationships between
two continuous data with a line connecting two data points (Van de Wall, Karp,
Bay-Williams, 2013). To show the general trend in the data, they can also be used
in situations where two continuous data do not exist, but a discussion should be
made with students regarding appropriateness of connecting data points (Friel &
House, 2003). Few number of students constructed line graphs in the above
mentioned study by Carparo et al. (2005). One of the reasons of this situation may
be the type of the data presented. Organizing categorical data was revealed to be

easier for students than organization of numerical data (Nisbet, Jones, Thornton,

50



Langral & Mooney, 2003; Bright &Friel, 1998). Inability in distinguishing between
categorical and numerical data could be another reason, which, in turn, leads to
difficulty in choosing the appropriate type of graph for a given data set
(Shaugnessy & Zawojewski, 1999; Friel, Curcio & Bright, 2001; Brasell & Rowe,
1993). Line graphs are one of the commonly used graphs in science classes;
therefore, studies related to line graph comprehension in science also exist in the
literature (Boote, 2012; Boote & Boote, 2017). For instance, Boote and Boote
(2017) revealed that sixth grade students could not interpret line graphs related to
science since they had difficulty in reading data in line graphs. Furthermore, it was
shown that students’ prior experience with other types of graphs, namely bar
graphs, scatter plots and time-series, had both a positive and a negative effect on

students’ interpretation of line graphs.

Different from the above mentioned studies, students’ statistical literacy regarding
graphs were also examined in the literature. Watson and Moritz (1997a)
investigated students’ statistical literacy in graphs in accordance with the three-
tiered framework by presenting them some graphs from newspapers. Results
showed that only 10% of the students questioned a misleading graph. They used
their personal experiences instead of the information in the graph when they were
required to make a calculation. Another study of Watson (1997) revealed that while
9th grade students understood the information conveyed in a pie chart, 6th grade
students had difficulty in doing so. A similar result to that reported by Watson and
Moritz (1997a) was encountered in the study of Aoyama and Stephens (2003). The
researchers found that although fifth and eight graders could understand the
meaning conveyed through the graphs, they could not evaluate the information in

the graphs critically.

All of the studies mentioned above were about students. In the literature, there are
also several research investigating teachers’ graphing abilities (Nisbet, 2001;
Monteiro & Cainley, 2007). For example, Nisbet (2001) observed that similar to

the students in the study of Nisbet et al. (2003), teachers also had difficulty in
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organization of continuous data. Furthermore, Monteiro and Cainley (2007) found
that most of the pre-service teachers could not critically evaluate the graphs
presented from media. Just like the students in the study of Watson and Moritz
(1997a), pre-service teachers made their interpretations not only depending on the

graphs given but also using their own experience.

To summarize, there are various studies in the literature regarding graphs. These
research showed that students generally could read the data from the graphs easily,
but they had difficulties in making interpretations. Several research indicated that
students are more familiar with bar graphs and they had difficulties in choosing the
appropriate graph type. On the other hand, Bright and Friel (1998) claimed that
graphs can have different effects on students’ interpretation of the data presented to
them. Furthermore, several researchers asserted that graphical representations
could have an effect on students’ interpretation of average and variation. Therefore,
the current study will investigate students’ statistical literacy on graphical
representations. The current study also examined statistical literacy of students
regarding the concepts of average and variation in comparative situations.
Graphical representations that students learn up until seventh grade are bar and line
graphs and pie charts. Since it is believed that bar and line graphs are appropriate
for comparison of two data sets, students’ statistical literacy related to the concept

of average and variation will be examined on bar and line graphs.

There are also studies in the Turkish literature related to the statistical literacy and
the average and variation concepts that the current study concentrated on.

Therefore, the next section summarizes the studies in the context of Turkey.
2.4 Research on Statistical Literacy in Turkey

In the Turkish middle school curriculum, there is a learning area named as data
analysis, which includes objectives related to several statistical concepts. Some of

those objectives are constructing and interpreting pie charts, and bar and line
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graphs, calculating and interpreting measures of central tendency and comparing
two data sets. Furthermore, the Turkish curriculum gives high importance to
interpreting statistical concepts in real-life contexts and making decisions based on
these interpretations (MoNE,2018). However, there were not many studies
regarding statistics until the call of Ulutas and Ubuz (2009). After their call
regarding the necessity of studies regarding statistics and probability in the context

of Turkey, studies related to statistics and statistical literacy began to improve.

In the Turkish literature, there are some studies focusing on the concept of average
(Ucar & Akdogan, 2009; Enisoglu, 2014). Ucar and Akdogan (2009) investigated
middle school students’ understanding of the concept of average by applying a test
to a total of 18 students from grades six, seven and eight, 6 from each grade. It was
found that while half of the students were aware of the representative value of the
average, the other half interpreted it just as an algorithm, just like in other studies
(Mokros & Russell, 1995; McGatha, 2002; Watson & Moritz, 2000, Enisoglu,
2014). However, the percentage of students appreciating the representative role of

the average (50%) is high when compared to the findings of other studies.

On the other hand, Enisoglu (2014) concentrated on the three measures of central
tendency: mean, mode and median. She analyzed solution strategies, errors and
misinterpretations of seventh grade students in solving questions regarding
measures of central tendency. Questions were asked through bar graphs. It was
found that in finding a mean or constructing a data set when the mean was given,
using the average formula was the most common strategy that seventh grade
students used. It was also observed that some students used the balance model or
the guess and check strategy. Enisoglu (2014) asserted that using numerical
procedures was very common in finding the mode and median of a data set. When
data were given in a graphical form, students depended on graphs, but in other
times, they depended on numerical strategies (Enisoglu, 2014). Moreover, the
researcher encountered many errors related to all concepts. For example, it was

seen that some students only found the sum of the values and stated this sum as the
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mean of the data set as in the study of Watson and Moritz (2000). Besides,
Enisoglu (2014) observed that generally seventh grade students considered the
average to be equal to the mean of a data set. She believed that the reason of this
result could be the name of the mean, i.e. arithmetic average, in the Turkish
curriculum. It was also revealed that students had inadequate knowledge regarding
when to compute and use the average of a data set. Students had the idea that when
a datum is removed from the data set, the average will automatically decrease
(Enisoglu, 2014). The researcher asserted that these results indicate that seventh
grade students do not have a conceptual understanding regarding the concept of

average.

There are also studies in Turkish literature regarding statistical literacy (Yolcu,
2012; Koparan, 2012; Koparan & Guven, 2014; Yolcu, 2014, Ozen, 2013; Gunduz,
2014). For instance, Yolcu (2012) identified the statistical literacy level of 1074
eighth grade students enrolled in public schools based on Watson’s three tiered
statistical literacy framework (1997). A Statistical Literacy Test was developed by
the researcher. Items in the instrument was about all the concepts in the data and
chance curriculum that Watson (2006) mentioned in her model. Furthermore, the
items in the instrument were from different social contexts, such as health and
media. The results of the study showed that the statistical literacy level of eighth
grade students, who are very near graduation, is low (Yolcu, 2012). It was observed
by the researcher that while students’ performance was the highest in the second
tier, their performance was low in the first and third tier, and lowest in the third
one. This finding was similar to that reported by Watson and Callingham (2003).
When Yolcu (2012) examined students’ statistical literacy level in terms of the
specified concepts, she reached conclusions similar to those reported in the
literature. For example, students do not understand the concept of average as a
representative value (Yolcu, 2012). Instead, they understand it as “add them up and
divide algorithm” (Ucar & Akdogan, 2009; Mokros & Russel, 1995, Watson &

Moritz, 2000). It was observed in the research that students explained concepts of
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average and variation via measures of central tendency and spread, which the
researcher interpreted as students having procedural understanding regarding these
concepts. Among the other content domains, students’ performance was relatively
higher in graphs (Yolcu, 2012). The researcher assumed that this could derive from
the fact that students in Turkey are very much exposed to graphs starting from pre-
school to eighth grade. Related to the other purposes of the study, Yolcu (2012)
concluded that students have positive attitudes towards statistics and there is a
positive relationship between students’ attitudes toward statistics and their
statistical literacy level. Yolcu (2012) ended her study by recommending
conducting research on specific concepts so as to make it possible to analyze them
in more detail. Furthermore, conducting research to investigate the role of gender
on the statistical literacy level of middle school students from grades six to eight,
Yolcu (2014) showed that statistical literacy level of students did not change
significantly by grade level, which is a conflicting result to that reported by Watson
and Moritz (2000). In addition, it was found that there was no interaction between
grade level and gender, but female students were generally better than male

students (Yolcu, 2014).

Moreover, since several studies revealed that statistical literacy level of students
was not as expected, Koparan (2012) designed an experimental research to develop
the statistical literacy levels of students. A statistical literacy test was prepared by
the author. Most of the questions were from the studies of Watson and Callingham
(2003). While the project based learning approach was used in teaching of statistics
concepts in the experimental group, the control group was taught via the traditional
approach (Koparan, 2012). In the traditional approach group, some questions were
solved after they were taught some basic concepts; on the other hand, in the
experimental group, after the basic concepts were taught, the students conducted
research, which entailed the steps from defining a problem to arriving at
conclusions (Koparan, 2012). The researcher used the statistical literacy construct

of Watson and Callingham (2003) to determine the statistical literacy level of the
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students. It was observed that almost for all components of the statistical literacy,
the project based learning approach had a positive effect. For instance, for the
component of data representation, there was a statistically significant difference
between the scores of the experimental and control groups (Koparan, 2012). It was
concluded by the researcher that while many of the students were at Level 2 in the
experimental group before the experiment, they were at Level 3 after the
experiment. Besides, after the experiment, there were more students in the fourth
level. The researcher asserted that one of the benefits of the experiment was that
students could interpret representations properly and could draw a conclusion from
them after the experiment. Furthermore, after the experiment, students began to
look critically at the data representations (Koparan, 2012). The researcher believed
that this could derive from the fact that they drew many representations, and
examined and questioned other groups’ representations throughout the experiment.
It was also observed that students did not use names for axes and did not include
every information in their data. Despite students’ familiarity with the bar graphs,
they had difficulty in reading and interpreting pie charts and line graphs (Koparan,
2012). Similar to the results of Shaugnessy and Zawajeski (1999) and Tortop
(2011), the researcher stated that students could not decide about the effectiveness

of the graphs in different contexts.

Some of the above mentioned studies were among the studies in Turkey which
were related to the graphs. There are also other research studies regarding graphs in
the Turkish literature (Enisoglu, 2014; Erbilgin, Arikan, Yabanli, 2015; Memnun,
2013; Tortop, 2011). For example, Tortop (2011) examined errors and
misconceptions of seventh grade students on graphs and whether there was an
effect of regular instruction in schools on these errors and misconceptions. It was
observed that instruction was not effective in eliminating students’ errors and
misconceptions. Furthermore, the knowledge of the teacher regarding students’
possible errors and misconceptions were not adequate (Tortop, 2011). Therefore,

the researcher recommended putting more emphasis on the education of in-service
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teachers. Different from the study of Tortop (2011), Erbilgin, Arikan and Yabanl
(2015) concentrated only on line graphs and developed a measurement tool to
assess middle school students’ comprehension of line graphs and their ability to
construct line graphs. Their measurement tool assessed graph comprehension
abilities stated by Curcio (1987); in other words, abilities related to reading data,
reading within the data and reading beyond the data. Seventh grade students’
ability to read and construct line graphs was also analyzed by Memnun (2013). It
was observed that while most of the students could read data given in the line
graphs, they could not use those data in solving questions. Furthermore, it was
realized that some of the students constructed a bar graph instead of a line graph

(Memnun, 2013).
2.5 Summary of the Literature Review

In the previous section, the summary of the literature related to the purposes of the
present study was presented. In accordance with the purposes of the present study,
first of all, definitions of the concepts of literacy and statistical literacy were stated.
Then, some theoretical frameworks and models regarding statistical literacy were
reviewed. Afterwards, research related to students’ understanding of average,
variation and graphs were summarized. Finally, studies in the context of Turkey

were presented.

Firstly, both researchers and curriculum documents agree on the necessity of
literacy and statistical literacy for effective citizenship. Hence, various research
studies were conducted on statistical literacy and the average and variation, which
are two concepts that this study focused. These studies revealed that students’
understanding of average and variation was not at the expected level. For example,
students could not use average or variation while comparing groups (Shaugnessy,
2003b; McGatha et al., 2002). However, many curriculum documents including the
Turkish curriculum states the importance of interpretation of statistics, including

average and variation, in real life contexts (AEC, 1991; MoNE, 2018; NCTM,
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2000). For example, these documents mention the appropriate use of three average
types in real life contexts: mean, mode and median. It was asserted that students
should be able to select the appropriate average type in different real life situations
as well as calculating them. Nevertheless, different real life contexts do not have
the same impact on students’ understanding of average and variation (McGatha,
Cobb & McClain, 2002; Watson, Chick & Callingham, 2014). For instance, while
students could interpret average as mean in one context, they could understand it as
the mode of the given data in another context. Hence, the current study examines
interpretation and evaluation of the concepts of average and variation presenting
students some alternative contexts. Hence, this study has the potential to make a
significant contribution to the existing literature by having revealed students’
interpretations and evaluations related to the concepts of average and variation in

different contexts.

Furthermore, to decide the appropriate use of three average type is one of the foci
of this study, which indicates students have conceptual understanding regarding the
concept of average (Enisoglu, 2014). In the literature, there are some studies
investigating students’ realization of the use of median when there is an outlier
(Watson & Callingham, 2003; Watson & Moritz, 1999b). However, in the
accessible literature, studies which provided students with categorical data; hence,
necessitates using of mode as appropriate type of average were limited. Therefore,
this study presented students a context involving a categorical data set, so students
were expected to use the mode of the given data as the appropriate type of average.
By this way, the current study can contribute to the existing literature in providing
the information about whether students made use of the mode when there were
categorical data which in turn can be useful in passing to the appropriate use of
median where students had difficulty (Watson & Callingham, 2003; Watson &
Moritz, 1999b).

On the other hand, there were differences in students’ interpretations when the data

were presented in a graphical form (Bright & Friel, 1998) Furthermore, Enisoglu
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(2014) stated that graphical representations could have an effect on students’
interpretation of the average concept. In studies regarding the use of median in case
of an outlier in the literature, data were generally presented directly to the students.
Different from those studies, data were displayed on bar and line graphs in the
present study, which, in turn, could have an effect in the realization of the outlier.
Hence, this study is important because it shows the effect of bar and line graphs on
the realization of the outliers in the data set. Graphs also have positive effects on
the realization of variation in the data (Shaugnessy & Pfannkuch, 2002), so the
present study examined students’ understanding of variation on graphical
representations. Different from the studies in the literature, bar and line graphs
were used in the current study thus, the current study provides valuable information
about the impact of bar and line graphs on students’ interpretation and evaluation
of variation concept. In this way, bar and line graphs can be used in teaching the

concepts of average and variation by teachers or teacher educators.

Furthermore, taking into account the suggestion by Watson and Kelly (2005), the
current study analyzed students’ understanding of variation in comparison of two
graphs with equal averages and different variations. Several studies revealed that
students are reluctant to use average and variation in comparing situations (Gal et
al, 1989, Shaugnessy 2003b, Watson & Moritz, 1999). Since it was shown in the
literature that it would not be used when it was not asked, the present study initially
asked students to calculate an average while comparing two graphs different from
the studies in the literature. Then, their understanding of variation was analyzed
when they observed that averages are equal. In other words, this study is significant
as it has observed whether students directly interpreted the variation of the
presented data, which is the underlying reason for calculation of an average
(Shaugnessy, 2007), while comparing two groups when they observed that the
averages are the same. Hence, the findings of this study could provide important
information to teachers, teacher educators or curriculum developers in that teaching

of the concepts of average should be delayed until the students’ understanding

59



related to the variation concept complete.

In the context of Turkey, there are some studies analyzing students’ understanding
of average concept in the Turkish literature (Ucar & Akdogan,2009; Enisoglu,
2014) however, different from these studies, the current study investigated the
interpretation and evaluation of the concept of average providing students some
alternative contexts, which can reveal different results. Hence, this study is
significant since it has the potential to make an important contribution to the
existing Turkish literature by having revealed students’ interpretations and

evaluations related to the concepts of average and variation in different contexts.

Besides, there is not many comprehensive studies regarding the concept of
variation in the accessible literature in Turkey. Also, research on statistical literacy
was scarce in Turkey and studies should be conducted on specific concepts so as to
analyse them in detail (Yolcu, 2012). In this respect, there is a need to conduct
further studies related to the concept of variation and statistical literacy. Thus, this
study investigated statistical literacy of seventh grade students in terms of the
variation concept. By also attaching two graphical representations, namely bar and
line graphs, the results of such a study were able to provide valuable information
regarding whether students could interpret and evaluate variation on bar and line
graphs and whether the statistical literacy of students related to the concepts of

average and variation changed when data were presented on bar and line graphs.

Furthermore, studies regarding statistical literacy of students in Turkey, such as the
study by Yolcu (2012), measured students’ statistical literacy generally through
multiple choice tasks. However, to reveal students’ understanding and questioning
ability more effectively, open-ended tasks should be used (Watson, 1997). Thus, it
is essential to analyze statistical literacy of students through open-ended tasks to
examine students’ understanding and questioning ability related to the concepts of
average and variation better. Therefore, using open-ended tasks, this study aims to

investigate the statistical literacy of seventh grade students about the concepts of
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average and variation on bar and line graphs related to the data obtained from

social or scientific contexts.
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CHAPTER 3

METHODOLOGY

This chapter aims to explain the methodology used in the current study. Therefore,
this chapter includes information about the research design, population and sample,
data collection instruments, the validity and reliability of the instruments, data
collection procedure, analysis of data, assumptions and limitations. The internal

and external validity of the study is presented at the end of the chapter.
3.1 Design of the Study

The purpose of the present study is to analyze seventh grade students’ statistical
literacy related to the concepts of average and variation on bar and line graphs
related to the obtained from social or scientific contexts. In this respect, the

following research question and its sub-question were addressed in the study:

What are the statistical literacy levels of seventh grade students regarding the
concepts of “average” and ‘“‘variation” on bar and line graphs related to the data

obtained from social or scientific contexts?

a. How do seventh grade students at different statistical literacy levels define,
interpret and evaluate “average” and “variation” concepts on bar and line

graphs related to the data obtained from social or scientific contexts?

Fraenkel and Wallen (2006) stated that survey research designs are very useful in
describing aspects or characteristics of a population, such as abilities or knowledge.
Therefore, to examine statistical literacy of seventh grade students, the survey

research design was used in the study. Particularly, this study requires collecting
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data from the selected sample from at one point of time; hence, the design of the
current study is a cross-sectional survey (Fraenkel & Wallen, 2006). Furthermore,
Jansen (2010) mentioned two types of survey, namely quantitative and qualitative.
He stated that if the aim is to determine diversity of any topic in a population, then
the survey type is qualitative. Since the current study aimed to investigate the
diversity of the students’ definitions, interpretations and critical evaluations
regarding the concepts of average and variation, design of this study was

qualitative survey study.
3.2 Sampling Procedure and Participants of the Study

The target population of the study is all seventh grade students in Ankara.
However, since it is not possible to reach the target population, all seventh grade
students in Cankaya and Akyurt districts of Ankara constituted the accessible
population of the study. The convenience sampling method was used in the study
because this sampling method selects the available group for the study (Fraenkel &
Wallen, 2006). The reason of selecting this sampling procedure is that the
researcher was a middle school mathematics teacher of one of the public schools in
the Akyurt district and the other public school determined in Cankaya was very
close to the university where the researcher was enrolled as an M.S. student. One of
these schools had five seventh grade classes and the other had three classes. Thus,
the Statistical Literacy Test (SLT) was applied to 164 seventh grade students in
Akyurt and Cankaya, Ankara. Some characteristics of the sample are displayed in
Table 3.1 below. Table 3.1 indicates that the total number of boys and girls was 82.
While the average age for participants was 12.57, the average of their mathematics
grade at the end of the last semester was 70.31. Lastly, while the students in the
Akyurt district of Ankara had a moderate level of socio-economic status, the socio-

economic status of students in Cankaya district was higher.
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Table 3.1 Characteristics of the sample group by gender, age and mathematics

grade
Classes Sample Age(years) Gender Mathematics Grade
Size(n) Average Boys Girls Average
20 0
7/A 20 12.69 12.2 74.64
(% S
19 0
7/B 19 12.50 (})1.6 (0.0%) 64.43
)
0 33
0,
7/C 33 12.65 (0.0%) (2051 % 83.33
0 28
0,
7/D 28 12.52 (0.0%) (1751 % 59.34
21 0
7/E 21 12.59 12.8 58.86
(% 50w
7 6
7/A 13 12.53 @3%) (7% 63.59
5 7
7/B 12 12.48 GO @3%) 75.81
7/C 18 12.57 10 8 82.47
: (6.1%)  (4.8%) :
82 82
Total 164 12.57 (50.0 (50.0% 70.31
%) )

3.3 Data Collection Instruments

The present study intended to analyze the seventh grade students’ statistical literacy
in terms of the concepts of average and variation on bar and line graphs related to
the data obtained from social or scientific contexts. The data of the study were
collected through an instrument called the Statistical Literacy Test (SLT),
developed by the researcher. In developing the instrument, three steps were
followed. First of all, the objectives regarding the concepts of average and variation
of fifth, sixth and seventh grade Turkish National Middle School Mathematics
Education Curriculum were identified. The objectives related to bar and line graphs
were also identified since statistical literacy of students regarding the specified

concepts were tried to be determined on bar and line graphs. In accordance with the
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purpose of the study, Watson’s Statistical Literacy Framework (1997) was taken
into account in preparation of the instrument. Secondly, before developing the
instrument, the related literature was reviewed and some questions were adapted
from the literature. Lastly, the researcher prepared other questions so that there was
at least one question for each of the objectives determined beforehand.
Furthermore, the importance of context for statistical literacy was mentioned by
many researchers, as it was stated in the previous chapter. Therefore, all of the
questions were asked within a context. Before preparing the questions, appropriate
contexts for the questions were investigated from the literature and several
textbooks related to the concepts of the current study, and the contexts of the

questions adapted from the literature were taken directly.

The SLT included 7 open-ended items. While questions 2 and 3 were adapted from
the literature, the remaining questions were prepared by the researcher to analyze
the research questions of the current study. In-depth information regarding all

questions are provided below.

Question 1 (Q1), which was prepared by the researcher, aimed to analyze whether
students could interpret the word ‘average’ in a context and evaluate the given
average in the given context. In this question, students were given a piece of
misleading information from a newspaper, business world. The news can be seen in

Figure 3.1.

Fraenkel and Wallen (2006) suggest using median, the midpoint score in a data set,
to find an average if there are extreme values in the data. There was also an
extreme value, income of the manager, in the data set in the news given. However,
the average income in the news was calculated using the mean, which is a type of
average highly affected by extreme values (Fraenkel & Wallen, 2006). Therefore,
this news was misleading and the question asked aimed at identifying whether

students could evaluate the news and discover this situation.
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BUSINESS WORLD

www.businessworld.com LATEST NEWS FROM THE BUSINESS WORLD  December, 18 2017

Average Income is 4300 Turkish Liras!

Personnel Incomes

|n$aSAN company
states that based
on the given data
average income of
their personnels is
4300 tl.

The
number of
personnel
in the unit

Figure 3.1 The news in Q1

Q1 involved 4 parts and they can be observed in Figure 3.2. The first part of the
question required students to interpret the word ‘average’ in the news. To state it
differently, this part assessed students’ interpretation of the word ‘average’ in a
social context, a requirement for the second tier. The second part was added into
the question after the pilot study. In the pilot study, it was observed that none of the
students realized the high average because of the manager’s income in the third
part of the question. Therefore, thinking of how the average in the news is
calculated was thought to be useful for the third part of the question. The second
part was also related with the second tier of the statistical literacy framework since
it requires students to interpret the concept of average in the given context.
Furthermore, since the first and second questions in Figure 3.2 were often used in
the many studies of Watson to meet the requirements for the second tier, these

questions were preferred to examine students’ interpretation of the average concept
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in different real life contexts.

a) What do you understand from the word average in the news?

b) How do you think the average income in the news was computed?
Explain your answer clearly.

c) Suppose that you are working in a company where your income is 2900
TL. If you were placed in one of the units in the company mentioned in
the news, would you give up your work taking into account the graph or
average income and want to work in this company?

Yes/ No

o How did you reach this decision? Explain your answer clearly.

d) Define the word “Average” which you use in mathematics class with
your own words. Give an example of average.

Figure 3.2 Parts of Q1

The third part of the question was related to the third tier of Watson’s hierarchical
framework. In other words, this part examined whether or not students could
critically evaluate the claim in the news, that the average income is 4300 TL. The
question was prepared with the help of a question which is related to the third tier

in the framework in the study of Watson (1997).

The last part of the first question asked students to define the word ‘average’ using
their own words and wanted them to give an example related to the average. This
question was a requirement for the first tier and was translated directly from the
study of Watson and Moritz (2000). Although the three-tiered framework suggests
Tier 1 before Tier 2 and Tier 3, the part related to Tier 1 was placed at the end in
this question because understanding of the definitions is improved with their

applications in various contexts (Watson, 2006).
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Question 2 (Q2) asked students to investigate their interpretation of the concept of
average and critical evaluation of the concept of variation. With this aim, students
were required to compare two data sets whose averages were almost the same, but
their variations were different. This question was adapted from the study of Mc
Gatha et al. (2002). The original problem in Figure 3.3, named as Basketball All-
Star, examined whether students took into account variation while comparing

distributions in addition to the use of the mean.

One player will be selected from the Meigs basketball team to play in the all-star
tournament. Below is a listing of the points scored by the top two candidates for
the last eight games of the season. Based on this information, present an
argument to support the selection of one of the players.

Player A: 11 31 16 28 27 14 26 15

Player B: 21 17 22 19 18 21 22 20

Figure 3.3 Original version of Q2 (McGatha et al., 2002)

In this problem, the player having a higher mean score, Player A, had higher
inconsistency. In other words, there was a higher level of variation among his
scores; therefore, he was not a suitable choice. Kazak (2016) translated this
question directly into Turkish in her review on statistical reasoning. The Turkish
version of the problem with some additional changes were used in the current
study. Modifications for the problem were listed accordingly. First of all, the scores
of the players were organized so that their means were almost the same. In this
way, it could be possible to observe whether students would evaluate the variation
while comparing two data sets. Moreover, several studies in the literature revealed
that students generally do not use average in comparing distributions (McGatha,
Cobb & McClain, 2002; Shaugnessy, 2003b). Therefore, in the first part of Q2,
students were asked to calculate the average of two players and to observe that they
were equal. By not asking students directly to compute the mean but the average,

this part also investigated how students interpreted the concept of average in this

68



basketball context. The second change was decreasing the number of baskets of the
players in order not to trouble students so much with computation. Lastly, for the
purpose of the study, the number of baskets was given on a line graph instead of in

a table. The adapted version of the question is presented in the following figure:

Question 2:

The Trainer of young women’s national team examines the
scores of the players in the final games of the last 10 years to
select players for the final game of this year. The following
graph shows the scores of two players that the trainer was .
indecisive in their selection for the team. Average number of baskets of Elif:

a) Find the average number of baskets of two players in the
last 10 final games. Show your work.

Average number of baskets of Naz:
Number of Baskets of the Players
Number of
Baskets

EDS b) Trainer decided to select Naz for the final game of this year.
Do you agree with the decision of the trainer?

" / “.‘ Yes/No

o How did you reach this result? Explain your answer
clearly.

Years
2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018
Naz

Figure 3.4 Q2

Figure 3.4 shows that Q2 involves two parts. The purpose of the first part was
explained in the previous paragraph. The second part of the question is related with
the questioning ability of students to a decision given. A direct question regarding
students’ agreement with the decision of the trainer were asked to analyze whether
students used variation while comparing data sets when the averages were almost
the same. The reason of asking such a question was that such question structures
generally were used in the interviews in the studies regarding statistical literacy to

examine students’ questioning ability.
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Similar to Q2, Question 3 (Q3) was related to the concept of variation. In this
question, students’ interpretation of the variation concept was assessed in a natural
context, namely weather, in which variation is appreciated by everyone (Reading,
2004). This question was adapted from the study of Watson and Kelly (2005). In
that study, students’ interpretation of the concept of variation was assessed by
providing them with an average temperature for a city in Australia and asking
various questions depending on this average, such as suggesting temperatures for 6
different days in a year or drawing a graph of the whole year. The original version

of the question 3 is given in the following figure:

Some students watched the news every night for a year, and recorded
the daily maximum temperature in Hobart. They found that the

average maximum temperature in Hobart was 17 C.

How would you describe the temperature for Hobart over a

year in a graph?

Figure 3.5 Original version of Q3 (Watson & Kelly, 2005)

Some changes were applied to this question. To begin with, the context of the
question was changed into ‘the temperature of Ankara’, as it is believed that
‘Ankara’ is a familiar city for all the students participating in the study, and the
question was given as a headline of a newspaper. Secondly, instead of providing
them with an average of the whole year, an average of a month in a year, namely
April, was given. The aim here was to eliminate possible confusions because of the
variations within a month and variations among different months. Since it was
observed that the temperature in the month of April fluctuates much in Ankara, this
month was chosen for the context of the question. Lastly, students were provided

with a graph paper and axes for them to draw a line graph. The adapted version of
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the question is portrayed in the following figure:

Question 3:

“Data from meteorology implies that the average temperature of the month of April is 17

°Cl"” A journalist using this headline in his news wants to support his news with a graph.

a) Draw a line graph which the journalist can use in his news.

April April

Figure 3.6 Q3

In the subsequent part, students were asked to interpret their graph, taking into
consideration the given average temperature. The aim of this part was to
understand how students draw graphs and, therefore, to examine their interpretation
of variation to a given average. The last part of Q3 asks students to define the word
‘range’, which they learnt in mathematics class in their sixth grade. This part was
to fulfil the requirement of the first tier related to the variation concept. Since the
only objective related to the concept of variation was range, a measure of spread, in
the middle school curriculum in Turkey, the definition of range instead of that of
variation was asked. In other words, definition of the variation concept was

examined with an indirect way by asking the definition of range concept.

The aim of Question 4 (Q4) was the same as that of QI. In other words, this

question analyzed students’ interpretation of the concept of average in a different
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context. Furthermore, some misleading information regarding the average was
presented through a brochure, and it was examined whether students could
critically evaluate the given situation. The only difference between Q1 and Q4 was
the type of the graphs. In Q4, data were presented through a line graph. This
question also examined whether graphs have a role in the interpretation and critical
evaluation of the concept of average. As can be observed in Figure 3.7, this
question consists of three parts, and the purposes of these parts are the same with

the those of the parts in Q1.

Question 4:

ﬁ_ 102 students get the a) What do you understand from the word average in the brochure
e above?

maximum point in the foreign
language exam in September!
Average number in the last 5

years is 42 students! Come b) How do you think the average number of students in the brochure
o and succeed! was computed? Explain your answer clearly.

C

Suppose that you are now involved in a course that has an average

Number of students who get the maximum point number of 30 students getting the maximum point. If you knew

between the years 2013-2017 that there was an equal number of students participating in each
V.J;;C'm“dm course in the given years, would you leave your own course taking
104 T into account the broschure and register to this course?
100 \
o /\
92
88 f \
o [\ Yes/ No
80 / \
76 / \
72
8 / \
. \ o How did you reach this decision? Explain your answer clearly.

Figure 3.7 Q4

Question 5 (QS5), which was prepared by the researcher, was asked to the students
in order to examine how students interpret and critically evaluate the concept of
average. This question consists of two parts, and at the beginning, it presents

students an interview from a magazine. The interview is provided in Figure 3.8.
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A part of an interview with Metin Mutlu who has several hotels at different
holiday regions is presented below.

Approaching *'\ ummetr...

A

\

R\
S: What are the holiday package optiol

s? How do you determine the content of these packages?

M: The most significant factor in ermining the content is the number of days that our

According

\

Number of Customers in terms of the Packages in the Hotel

prices. For 1ce, this graph shows the data of the last year and
holidays with{@p average of 5 days. Therefore, we decided that 5 days should be the maximum in our
holiday packag 7 z

/

Number of
Customers
7'

W

] |\

. L Packages

3 Days 5 Days 7 Days 10 Days 15 Days

Figure 3.8 Part of an interview in Q5

Different from Q1 and Q4, the context of this question necessitates the use of mode
as the type of average since data were presented through categories. Grawetter and

Wallnau (2013) have stated that if the scale of measurement is nominal, that is,
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measurements are observed on a number of categories, the only average type to be
used is mode. Moreover, if the number of days are computed for holiday packages
by a travel agent, other measures will not be as useful as mode (Van de Wall,
2013). However, average in the interview was calculated using the mean. Q5 aimed
to reveal whether or not students could critically evaluate this situation. The
question entailed two parts. The first part asked students to think about how the
average in the interview was calculated. The aim of this part was to help students in
the following part regarding the third tier of statistical literacy. The second part
investigated students’ evaluation of a decision presented. Parts of Q5 are provided

in the following figure:

a) How do you think the director has computed the average number of
days as 5 by taking into consideration of the data in the graph? Explain
your answer clearly.

b) Do you agree with the decision of the director regarding organizing a
maximum of 5-day packages taking into consideration the above graph?

Yes/No

o How did you reach this result? Explain your answer clearly.

Figure 3.9 Parts of Q5

Similar to Q2, in Question 6 (Q6), students’ critical evaluation of the concept of
variation while comparing two data sets was assessed. The questions have the same
purposes but the data in Q6 were given through a bar graph instead of a line graph.
The aim here was to examine whether graphs have a role in the critical evaluation
of the concept of variation. Besides, the importance of the consistency for the

decision made was presented as a clue in the second part of Q6, stating that
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fluctuated wind speed increases maintenance cost. Q6 can be examined in Figure

3.10 below.

turbines for
regions will be
company. The following
speed of those regions d

Average Wind Speed of Bandirma and Amasra Region

during 7 months
Average Wind
Speed(km/h)

% B Amasra

3 = Bandirma

a) Find the average wind speed of the two regions during
the seven months given. Show your work in detail.

Average wind speed of Amasra Region:

Average wind speed of Bandirma Region:

b

Directors of the company decide to set up a wind
turbine station in the Amasra region. Do you agree with
this decision if it is known that the fluctuating wind
speed increases maintanence costs?

z Yes/ No
. E
® / _ . )
i o How did you reach this result? Explain your answer
i
u clearly.
h
i
1 Months
March April May June July August  September
.
Figure 3.10 Q6

Lastly, the purpose of the seventh question (Q7) was to measure the critical

evaluation of the concept of variation different from the comparative situations as

in Q2 and Q6. With this aim, students were given a line graph showing the speed of

a service vehicle at specific times of a day. The question was asked to identify

whether students questioned the variation in the speed of the service. Not to

influence students in drawing their graphs in Q3, the critical evaluation of the

concept of variation was investigated through a different context. The seventh

question is presented in Figure 3.11.
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Question 7:

Determining the speed limit as 70 km/h for factory service
vehicles, the Chamber of Drivers in Ankara declares imposing
fines to the drivers not obeying the speed limit. B

The graph below shows the speed of a service vehicle whose
speed is measured at specific times in a day.

Speed of the Service Vehicle
Speed(km/h)

50 Time
08:00 10:00 12:00 14:00 16:00 18:00 20:00

Depending on the above graph, the Chamber of Drivers did not impose any fines to the driver
of this service vehicle. Do you agree with the decision of the chamber?

Yes / No

o How did you reach this result? Explain your answer clearly.

Figure 3.11 Q7

In conclusion, students were given a test that included 7 open-ended questions with
16 sub-questions. The relevance of these questions with the objectives in the
curriculum and the tiers in the framework of Watson (1997) is displayed in the

following table of specifications.
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Table 3.2 Table of specification with respect to the three tiers

Tier 1 Tier 2 Tier 3
Average 1d la,1b,2a,4a, 4b,5a,6a Ic, 4c, 5b
Variation 3c 3a, 3b 2b, 6b, 7

Table 3.3 Table of specification with respect to the objectives in the curriculum

Grade Related
Objectives (MoNE,2018)
Level Questions
Students should be able to compute and 6 2a,6a
interpret the mean of a data set.
Students should be able to compute range 6 3c
and interpret the range of a data set
Students should be able to use mean and 6 2b. 6b
range in comparing two data sets.
Students should be able to construct and
7 3a,3b
interpret line graphs.
Students should be able to compute mean, la, 1b, Ic,
median and mode of a data set and 4a, 4b, 4c,
7 5a, 5b

interpret them.

Table 3.2 indicated that 11 sub-questions were related to the concept of average

and 7 of them required students to interpret the concept of average in different

social or scientific contexts; that is, 7 questions were related to the Tier 2. While 3

sub-questions were about the evaluation of the average concept, the question 1d
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required students to define the concept of average so related to the Tier 1. On the
other hand, 6 questions in SLT were about the concept of variation. While only
question 3c was related to the Tier 1, 2 questions were asked for interpretation of
the variation concept. Lastly, 3 questions were related to the Tier 3 of the variation
concept. In other words, 3 questions required students to evaluate the variation
concept in different social or scientific contexts. On the other hand, Table 3.3
indicated that the questions in SLT addressed some objectives in Turkish
curriculum existing both in sixth and seventh grade. While there are 5 sub-
questions addressing the sixth grade objectives, 10 sub-questions were about the

objectives existing in the seventh grade.
3.4 Pilot Study

The pilot study was conducted by the researcher in the spring semester of the 2017-
2018 academic year for several purposes: to check the validity and reliability of the
SLT. In other words, to determine the appropriate duration for the test, and to

check the clarity and comprehensibility of the questions in the test.

The pilot study was conducted with eighth grade students since these students had
completed all the necessary objectives for the study by the same semester of the
last academic year. 47 eighth grade students in a middle school in Akyurt district,
Ankara, was selected for the pilot study based on the criteria of convenience. With
7 questions and 14 sub-questions, the Statistical Literacy Test was implemented by

allowing the students 45 minutes to complete the test.

Some revisions were made in the data collection instrument in accordance with the
feedback received from the students during the study and the detailed analysis of
the students’ answers. First of all, it was observed that students needed about 50
minutes to complete the test. Thus, students were given 55 minutes in the actual
data collection stage. Secondly, the analysis of students’ answers revealed that the

second part of Q1 and Q4, which were related to the critical evaluation of the
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concept of average, did not reach the expected aim. Therefore, an additional
component asking for the computation of average was added before these parts,
with the belief that thinking regarding computation of average will be helpful in the
realization of the misleading nature of the news or the brochure. Hence, although
the pilot study consisted of 14 sub-questions, there were 16 sub-questions in the
actual study. Moreover, it was observed that most of the students had given
idiosyncratic responses to the parts related to the third tier in Q1, Q4 and Q5. In
other words, answers were not based on the given news, brochure or the interview.
Therefore, statements such as “taking into account the given graph or brochure”
was added into these parts and underlined. In addition, since students had not
shown how they computed the average in the first parts of Q2 and Q6, in the actual
study, they were asked to show how they reached their answers. Another revision
was related to the Yes/No part existing in all of the questions except in Q3. In the
pilot study, some place was provided for both the Yes and No part. However, it
was observed that some students thought that both places should be filled.
Therefore, the format of these parts was changed by providing space only for them
to state the reason of their decisions. Lastly, the pilot study revealed that the
number of data in Q5 and Q7 challenged students in the computation of an average.
Thus, data in both of the questions were decreased. The last form of the SLT is
provided in Appendix C.

3.5 The Validity and Reliability of the Instrument

“The appropriateness, meaningfulness, correctness, and usefulness of the
inferences a researcher makes” form the validity of an instrument (Fraenkel
&Wallen, 2006, p.147). In other words, validity is related to the correct conclusions
reached from the data collected (Fraenkel & Wallen, 2006). Fraenkel and Wallen
(2006) state that three types of validity evidence can be gathered by the
researchers. They are content, criterion and construct related evidence. The content
and format of the data collection tools form the content related evidence of validity.

To ensure the content validity of the instrument prepared, first of all, the objectives
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in the national middle school curriculum regarding the concepts of average,
variation and graphs were analyzed. In accordance with the purposes of the study,
the requirements for the three tiers in the statistical literacy framework of Watson
(1997) were also written down. Subsequently, two tables of specifications, one for
the objectives in the curriculum and the other for the tiers in the framework were

prepared. The table of specifications was provided in Section 3.3.

Subsequently, the test was given to two experts from the elementary mathematics
education department of two different public universities. The definition of the
variable statistical literacy used in the current study and a brief explanation
regarding the three tiers of Watson (1997) were also provided to the experts. The
experts commented on the consistency of the questions with the tiers and objectives
and the comprehensibility and clarity of the questions. In accordance with the
comments of the experts, some revisions were done to the instrument. First of all,
both of the experts stated that the line graphs in Q2 and Q7 were not appropriate
for the contexts given; therefore, the contexts of those questions were changed.
Secondly, the statement of “except for manager department” in the third part of Q1
was removed since it was stated that median will not be used in this case. Lastly,
some minor wording changes were made in the Q4 and Q6 upon the experts’

suggestions to clarify the items.

After the necessary revisions were made, the clarity and comprehensibility of the
questions in the test were checked by piloting the preliminary version of the
instrument with 47 eighth grade students who had completed all the objectives
required for the study in the same semester of the last academic year. The final
revisions were made to the instrument in accordance with the feedback received
from the students during the pilot study and the detailed analysis of answers of the

students. All of the revisions with their reasons were presented in Section 3.4.

As for reliability of an instrument, “The consistency of the scores obtained” is how

the reliability of an instrument is defined (Fraenken & Wallen, 2006). To state it
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differently, an instrument is said to be reliable if individuals get similar scores at
different administrations of the same instrument. To provide the reliability
evidence, first of all, a graduate student in mathematics education was informed
about the purposes and process of the current study. Subsequently, answers of 82
students, half of the participants in the actual study, were analyzed by the
researcher and co-coder independently and students’ statistical literacy levels were
determined for each question according to the modified version of the framework
of Watson and Callingham (2003). After the analysis, while statistical literacy
levels of students which are determined same by both coders in each question were
coded as “1”, different statistical literacy levels were coded as “0” and Cronbach’s
alpha coefficient was calculated through SPSS program as 0.92. Fraenken and
Wallen (2006) indicated that instruments having a reliability measure of at least
0.70 is considered as a reliable instrument; hence, it can be said that SLT is a

reliable instrument.
3.6 Time Table and Data Collection Procedures

The present study aimed to investigate the statistical literacy of seventh grade
students regarding the concepts of average and variation on bar and line graphs
related to the data obtained from social or scientific contexts. In the fall semester of
the 2017-2018 academic year and at the beginning of the spring semester, the
instrument was developed by the researcher based on the related literature. The
necessary revisions made in accordance with the feedback received from the
experts were completed by the end of March. Then, before the data collection
process, the necessary permissions from the Middle East Technical University
Human Subjects Ethics Committee was taken (see Appendix A). Subsequently,
official permissions required to implement the study in the determined schools
were taken from the Ministry of National Education (see Appendix B). The data of
the study were collected by the researcher during the spring semester of the 2017-
2018 academic year. First of all, a pilot study was conducted in the month of April

to check the validity and reliability of the instrument and the clarity and
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comprehensibility of the items in the test. Then, SLT was administered to 164
seventh grade students after the concepts related to the study were covered by the
mathematics teachers of the specified schools. The instrument was implemented by
the researcher during the students’ regular class time, and the duration of the
implementation was 55 minutes. At the beginning of the implementation, some
information regarding the aim of the study was provided to all the classes by the
researcher. Furthermore, the structure of the test was briefly explained to the
students briefly. The students were told that there was a news or the results of a
study in each question except in Q3. They were notified that the questions they
were to answer were related to those news or results that they were provided with
on the next page. It was also emphasized that the students should explain their
thinking clearly and in detail. The students were also given information about
confidentiality of their answers. The time schedule for the data collection

procedure is presented in Table 3.4.

Table 3.4 Time schedule for the study

Date Tasks
December 2017-March 2018 Development of the instrument
April 2018 Pilot study and revision of the instrument
May 2018 Data Collection
June-July 2018 Data Analysis
3.7 Analysis of Data

The aim of this study was to analyze seventh grade students’ statistical literacy
regarding the concept of average and variation on bar and line graphs related to the
data obtained from social or scientific contexts. Particularly, statistical literacy

levels of seventh grade students related to the concepts of average and variation on
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bar and line graphs related to the data obtained from social or scientific contexts
were tried to be determined. To determine students’ levels of statistical literacy, the
framework of Watson and Callingham (2003), which was explained in Chapter 2,
was used. As stated previously, this framework consists of six levels and is related
to all concepts which Watson (2006) mentioned in her model. In other words, each
level in the framework shows the characteristics of statistical literacy that students
display in the tasks about the concepts of data collection-sampling, data
representation, chance, inference, average and variation. Since this study focused
only on the concepts of average and variation, initially, the characteristics in each
level for the concepts of average and variation were specified from the framework,

which are provided in Table 3.5 below.
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Table 3.5 indicated the general characteristics and characteristics that students
show related to the concepts of average and variation with respect to the six levels.
These characteristics shown for the concept of average and variation will be

explained briefly in the following sections.

At Level 1, while students use any term related to the concept of average, they
acknowledge the change basically for the concept of variation. For instance, they
answer the question of “Would the graph, which displays transportations that some
students preferred in a day, look the same everyday?” as “It will not look the same

everyday.”.

At Level 2, for the concept of average, students begin to use single ideas such as
‘normal’ or ‘okay’. On the other hand, in the tasks such as spinner or dice, students
provide either too much or too little variations or they did not provide any variation

in those tasks but depend on the strict probability.

At Level 3, while students continue using single ideas in describing the concept of
average in an open-ended task, some ideas related to measures of central tendency
begin to emerge when the tasks require recognition as in the multiple choice items.
Students at Level 3 mention single aspects of the term variation. For instance, in

defining the concept of variation, they state that you get a choice.

On the other hand, at Level 4, consistent non-critical, students engage with
contexts, but this engagement does not involve critical questioning. Students at
Level 4 describes the average concept with the ideas related to three measures of
central tendency: mean, mode and median. Furthermore, students at Level 4 can
compute the mean of a small data set but do not observe the effect of an outlier. On
the other hand, students at this level suggest realistic variations to the chance tasks

like spinner or dice.

At the last two levels, students show critical thinking skills just like in the third tier

of Watson (1997). In both of these levels, students critically engage with the
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context. For the average concept, students at Level 5 can compute the mean and
median of a small data set. Besides, Level 5 students appreciate variation and it can
be understood with phrases like ‘It will be close to half’. At Level 5, students
mention variation explicitly in the visual appearance of the graphs. Furthermore,
appropriate terminology for both concepts are observed at Level 5. Besides, in the
last level, critical mathematical, students recognize the effect of outliers in the
calculation of mean and so suggest median as the appropriate measure of central

tendency.

Moreover, as previously stated in Chapter 2, the framework of Watson and
Callingham (2003) was related to Watson’s Statistical Literacy Framework
(Watson, 1997) which was used to prepare SLT in the current study. While the
objectives of the first tier are observed across different levels, requirements of Tier
2; that is, understanding and interpreting the concepts in social or scientific
contexts begin to appear at Level 3, inconsistent and continue at Level 4, consistent
non-critical. On the other hand, critical evaluation of the concepts in social or
scientific contexts which is the requirement of the third tier was observed at the last
two levels in the framework of Watson and Callingham (2003). Indeed, except for

Tier 1, the tiers were separated into the two hierarchical parts.

When the framework in Table 3.5 was analyzed, it was realized that although it is
useful for coding the answer of the students, more detailed characteristics were
needed to analyze the answers of the students in the current study. Hence, some
modifications were made to the framework in Table 3.5. To make these
modifications, sections for the concepts of average and variation in the book of
Watson (2006) and her related articles and article of Shaugnessy (2003b) were
examined in detail, and some more characteristics were added to some levels by
taking into consideration the general characteristics of the levels. The

characteristics added can be observed in Table 3.6 below.
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Table 3.6 indicated that some modifications were made to all levels except for
Level 1 for both average and variation concepts. In further sections, how these

modifications were made explained for average and variation concept respectively.

Watson and Moritz (2000) stated that students provide colloquial interpretations to
the questions asking about meaning and method of the average at the unistructural
level which is the second level of SOLO Taxonomy. For example, students say that
the average of 3 hours of TV in a day means around 3 hours of TV in a day. In
other words, students use single ideas in their interpretation of average, which is a
characteristics shown at Level 2 according to the framework in Table 3.4;
therefore, colloquial interpretations regarding the meaning and method of the
average concept were added to Level 2. It was also stated that at the same level,
students can sometimes refer to adding up when they are asked how the average in
the given context was calculated. However, they do not ignore the implications.
This characteristic was also placed at Level 2. Researchers also asserted that at the
same level, the modal idea can appear in the interpretation of the average concept
such as most will watch 3 hours in a day and sometimes students could refer to the
mean when the calculation of the average is asked. However, they do not know
why it is appropriate to use the mean. Since these characteristics were believed to
be better than the ones placed at Level 2, they were placed at Level 3 in the
framework. In the same article, it was stated that at the next level, students use
ideas related to measures of central tendency in describing and interpreting the
average concept, sometimes combining two of them. They asserted that these
students can calculate the mean of a data set but do not recognize the outlier and
they have difficulty in calculating the weighted mean. Most of these characteristics
were expressed in the framework at Level 4, except for the difficulty in the
computation of weighted mean and interpreting the average concept using ideas
related to three measures of central tendency; thus, these characteristics were also
added to Level 4. Watson and Moritz (2000) also asserted that students use ideas

related to the representative nature of the average concept at the highest level.
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Since appropriate terminology for the concept of average was observed at Level 5
in the framework in Table 3.5, this characteristic, the use of ideas related to the
representative nature of the average concept was placed into the Level 5.
Furthermore, in a question entailing an outlier in the book of Statistical Literacy at
School (Watson, 2006), it was stated that the students at the highest level could
recognize outliers and either suggest the median or find the mean by excluding the
outliers. The researcher stated that students before this level could find the mode of
the given data set correctly and express the idea that if most agreed, it would be the
average. Since recognizing the outlier exists at Level 6 in the framework, the other

idea, the presentation of the mode when there is an outlier, was placed at Level 5.

On the other hand, for the variation questions, the article of Watson and Kelly
(2005), from where Q3 was adapted, the inference and variation chapters in the
book Statistical Literacy at School (Watson, 2006) and the article of Shaugnessy
(2003b) were examined in detail. Watson and Kelly (2005) examined
interpretations of the variation concept by requesting students to draw a graph.
They observed that at the unistructural level, students begin to produce some
graphs with variations which are not appropriate for the tasks set. As can be
remembered, according to the framework in Table 3.5, students at Level 2 produce
some variation in spinner or dice tasks but they are either too much or too little;
that is, not appropriate for the given task. Since the characteristic mentioned in the
article of Watson and Kelly (2005) was similar to the variation characteristic at
Level 2 in Table 3.5, this characteristic was placed at Level 2. Then, Watson and
Kelly (2005) asserted that after such answers, students could interpret the variation
concept by firstly producing graphs with appropriate variation but are not
complete; secondly, presenting complete graphs with realistic variations. Since in
the framework, it was stated that students exhibit realistic variations in spinner or
dice tasks at Level 4, characteristics of producing graphs with appropriate variation
placed at Level 4. Characteristic of producing graphs with appropriate variation but

are not complete were added to Level 3.
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In the inference and variation chapters of the book Statistical Literacy at School,
Watson (2006) states that students use individual values or only the word ‘more’
while comparing two data sets at the unistructural level. Since characteristics
observed at the unistructural level generally exist at Level 2 and since students use
single ideas related to the concept of average and variation at Level 2, the use of
individual values in comparing two data sets characteristics was added into the
Level 2. Then, Watson (2006) implies that at the multistructural level, students
either use numerical strategies such as finding totals or means or uses some visual
strategies focusing on more than one value. “There are more 6s and 5s than ... over
in the Purple class” shows an example of a student using visual strategies
concentrating on more than one value in making his comparison (Watson, 2006,
p.201). In the framework in Table 3.5, it was stated that a student can calculate
mean of a data set at Level 4. Therefore, numerical strategies like finding mean
were added to the Level 4. However, visual strategies focusing on more than one
value was placed into the Level 3 thinking that these students still do not take into
account all the data given. At the highest level, students use both numerical
strategies and visual strategies taking into account the variation in the graphs in
combination or make their comparison by only using visual strategies stating the
variation in the graphs. Since one of the characteristics regarding the concept of
variation at Level 5 in Table 3.5 is that students mention explicitly the variation in
the graphs, the characteristic of using visual strategies stating the variation in the
graphs in comparison tasks were placed at Level 5. On the other hand, Shaugnessy
(2003b) stated in his article, in which he examined students’ strategies in two
comparison tasks, students at the highest level use average and variation together to
compare the two groups given. Hence, the characteristics of the use of numerical
strategies and visual strategies taking account the variation in the graphs in

combination was placed at the highest level, Level 6 in the framework.

Subsequently, the data of the study were started to be analyzed using the modified
version of the framework of Watson and Callingham (2003) in Table 3.6, and the
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levels of the students were tried to be determined. During data analysis, all of the
characteristics in the modified version of the framework was useful to determine
statistical literacy levels of the students; however, it was realized that some
students defined the concept of average using the ideas of mean, but could not
reveal this understanding in interpretation of the questions, or they interpreted the
concept of average in a social context using the idea of median by using the word
‘middle’; however, no definition was provided for the concept of average. Nor
could they interpret the average concept when asked questions regarding its
computation. Since these students could not be placed at Level 4 because they
could neither define nor interpret the concept of average, they were placed at Level
3 and one more characteristic was added to the framework (see Table 3.7): Ideas
related to measures of central tendency in either definition or interpretation of the
average concept. Moreover, it was observed that some of the Level 4 students used
ideas related to the representative nature of the average concept. Therefore, that
characteristics which was at Level 5 in Table 3.7 was taken into the Level 4. The

last version of the framework is presented in Table 3.7.
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Lastly, the framework in Table 3.7 was used in the current study to determine
statistical literacy levels of students about the concepts of average and variation on
bar and line graphs related to the data obtained from social or scientific contexts.
Their statistical literacy levels were examined for each question separately to
observe the role of different contexts on the statistical literacy levels of students.
First of all, students’ definitions, interpretations and evaluations were coded in each
question. Then, statistical literacy levels of students were determined by overall
analysis of the codes in students’ definitions, interpretations and evaluations related
to the concepts of average and variation. This type of coding was named as upward
coding by Jansen (2010). Moreover, statistical literacy levels of students were
presented by combining the two levels in the framework such as Level 1-2 or Level
3-4. The reason of this is that as mentioned previously, SLT was prepared
according to Watson’s Statistical Literacy Framework (1997); in other words,
students’ definitions of the concepts of average and variation, their interpretations
related to the concepts in a social or scientific contexts and their evaluations to the
claims related to the average and variation concepts were examined. Furthermore,
the framework used to determine statistical literacy levels of students were related
to the Watson’s Statistical Literacy Framework (1997). To state it differently, while
the objectives related to the definitions of the concepts of average and variation are
observed across different levels, requirements of Tier 2; that is, interpreting the
average and variation concepts in social or scientific contexts begin to appear at
Level 3 and continue at Level 4. On the other hand, critical evaluation of the
average and variation concepts in social or scientific contexts which is the
requirement of the third tier was observed at Level 5 and Level 6. For instance,
statistical literacy level of a student who can evaluate the concept of average in a
social or scientific context is either Level 5 or Level 6; hence, in this study,
statistical literacy level of that student was stated as Level 5-6. Nevertheless, since
characteristics shown at each level specified clearly in the framework, students’
statistical literacy levels could also be determined as Level 5 and Level 6 and

frequencies for each level were presented for each question in the next chapter.
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Furthermore, in a question; for instance, related to the evaluation of the average
concept, statistical literacy levels of the students are expected to be Level 5-6
according to the framework. However, since analysis were made with respect to the

students’ answers, their statistical literacy level can also be Level 1-2 or Level 3-4.
3.8 Assumptions and Limitations

There are some assumptions and limitations of the present study. To begin with, it
was assumed that students’ statistical literacy regarding the concepts of average
and variation on bar and line graphs related to the data obtained from social or
scientific contexts could be examined with the instrument developed. The second
assumption is that students were willing and careful in answering all of the
questions in the instrument. It was also assumed that their explanations were clear

enough to reveal their thinking process.

The sample of the current study was selected via the convenience sampling
method. Convenience samples do not represent the population selected (Fraenken
& Wallen, 2006). Hence, this study is limited in the generalization of the findings
to any seventh grade student. Fraenken and Wallen (2006) suggest providing
demographic information in the use of convenience samples so that results can be
generalized to samples in similar contexts. Demographic information was also
provided in addition to the findings of the study. Therefore, findings can be
generalized to the samples which have similar characteristics of the current study.
Besides, the results reported in this study were limited to the questions in SLT. In
other words, if different questions related to the concepts of average and variation

were asked in different contexts, different results could be found.
3.9 The Internal and External Validity of the Study

Internal and external validity are two validity types that affect the validity of any
study. Hence, some information regarding both validity types is provided in the

following sections.
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3.9.1 Internal Validity

Internal validity refers to any difference or relationship observed in the dependent
variable are because of only independent variables determined but not by any other
variable (Fraenken & Wallen, 2006). Internal validity threats differ depending on
the type of the research design. Mortality, location and instrumentation are three
main types of internal validity threats existing in survey research designs (Fraenken

& Wallen, 20006).

To begin with, mortality is a threat when subjects are lost during the study. The
current study was a cross sectional one; that is, data were gathered at one point of
time; hence, mortality was not a possible thread. However, to provide maximum
participation, the researcher got in contact with mathematics teachers of the
specified schools. It was ensured that the students would not participate in any
other activity on the administration day of the test, and mathematics teachers often

reminded students that a test would be applied in the determined time.

The location threat occurs if the data collection location causes alternative
explanations for the study (Fraenkel & Wallen, 2006). Location was not a possible
threat for the current study since the instrument was implemented to all the students

in their own classrooms with similar conditions.

The instrumentation threat involves three types of threats, namely instrumentation
decay, data collector characteristics and data collector bias. First of all, if there is a
change in the instrument or scoring, instrumentation decay is a possible threat for a
study (Fraenken & Wallen, 2006). Nevertheless, this does not seem to be a threat
for the present study since the instrument was administered just once and a
framework was used to analyze the answers of the students. Data collector
characteristics might cause a threat for studies in which data are gathered by
different data collectors (Fraenken & Wallen, 2006). However, all of the data were

collected by the researcher of the study; therefore, this threat was handled in the
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current study. Lastly, data collector bias occurs when the data of a study is changed
either intentionally or unintentionally by the data collectors (Fraenken & Wallen,
2006). Data were collected by the researcher and no interaction, except for the
explanations at the beginning of the administration, was allowed throughout the

implementation. Therefore, this thread was taken under control.

3.9.2 External Validity

External validity refers to “the extent to which the results of a study can be
generalized from a sample to a population" (Fraenkel & Wallen, 2006, p.107).

Population and ecological generalizability are two types of external validity.

Population generalizability is related with the extent of the representativeness of a
sample with the population selected. The sample should be representative of the
interested population so as to ensure population generalizability of a study. In the
current study, all seventh grade students in Ankara form the target population. The
accessible population of the study is all seventh grade students in the Cankaya and
Akyurt districts of Ankara. The SLT was administered to 164 seventh grade
students who were selected through the convenience sampling method.
Convenience samples do not represent the intended population (Fraenken &
Wallen); therefore, results of the study could not be generalized to the population
of interest but the results might be generalized to samples with similar conditions

as explained below.

Fraenken and Wallen (2006) define ecological generalizability as “the degree to
which the results of a study can be extended to other settings or conditions”
(p.106). The present study was conducted with seventh grade students in public
middle schools in Ankara. Some characteristics of students were provided in
Section 3.2. Furthermore, in those schools, the same mathematics education
curriculum is implemented. Furthermore, the students were using the mathematics

textbook provided by MoNE. Hence, it was believed that the results of the study
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might be generalized to the public schools with similar settings and to students

with similar characteristics.
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CHAPTER 4

FINDINGS

The purpose of the current study was to analyze seventh grade students’ statistical
literacy in terms of the concepts of “average” and “variation” on bar and line
graphs related to the data obtained from social or scientific contexts. More
specifically, this study aimed to determine statistical literacy levels of seventh
grade students and aimed to explain how students at different statistical literacy
levels define, interpret and evaluate the concepts of “average” and “variation” on

bar and line graphs related to the data obtained from social or scientific contexts.

In this chapter, the findings of the study are presented from four main aspects
related to the concepts focused in this study. In other words, the findings for the
questions related to the concepts of “average” and “variation” are presented,
respectively. Since both concepts were analyzed on bar and line graphs separately,

the findings for questions on bar and line graphs are presented in different sections.

In the first section, the findings for the questions related to the concept of average
on bar graphs are presented. The second section examines the findings for the
questions related to the concept of average on line graphs. In the subsequent
sections, the findings for the questions related to the variation concept on line and
bar graphs are presented, respectively. The organization of each section is in line
with the research question of the current study. In other words, first of all, the
statistical literacy levels of the students determined by the overall analysis of each
question are presented in each section. Subsequently, to respond to the sub-
question, students’ definitions, interpretations and evaluations of the specified

concepts are explained for each statistical literacy level determined in each
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question and supported with examples from students’ answers. Furthermore,
students’ definitions, interpretations and evaluations of the specified concepts are

presented comparatively in similar questions.
4.1 The Concept of Average on Bar Graphs

One of the aims of the present study was to analyze seventh grade students’ levels
of statistical literacy regarding the concept of average on bar graphs. With this aim,
three questions, question 1 (Q1), question 5 (Q5) and the first part of question 6
(Q6a) were constructed. Q1 was related to the average income in a company, which
was presented to the students through a news excerpt. In this question, an outlier,
namely the income of the manager, was provided, but the average in the news was
calculated by means of the mean, which is not an appropriate measure of average
when there is an outlier. Whether or not students critically questioned the given
average income for the company was examined. Furthermore, by asking students
the meaning of the average in the news and how the average in the news was
calculated, students’ interpretation of the concept of average was investigated. On
the other hand, Q5 was about the average number of days that customers preferred
in a hotel and was presented to the students by means of the script of an interview.
Although there were categorical data, the average number of days for the customers
was calculated as 5 days based on the mean of the given data. Whether or not
students realized that the average should be the mode of the given data was
investigated. Moreover, as in QIl, by asking students how the average in the
interview was calculated, the interpretation made of the concept of average was
examined. Lastly, in Q6a, students were requested to calculate the average wind
speed of two regions whose wind speeds throughout seven months were given on a
double bar graph. By avoiding asking directly for the mean of the wind speeds, and
instead asking for the average, the interpretation of the concept of average was

investigated.
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To determine students’ statistical literacy levels for each question, the modified
version of the framework of Watson and Callingham (2003) was used. The
statistical literacy levels of the students were determined by means of the overall
analysis of each question. In other words, the statistical literacy levels of the
students were determined by taking into consideration their definitions and
interpretations regarding the concept of average and their evaluations regarding the
claims related to the concept of average in each question. The distribution of the
percentage of students across the six levels for Q1, Q5 and Q6a are displayed in

Table 4.1.

Table 4.1 The distribution of students across the six levels in the framework for

QI1, Q5 and Q6a

Questions related to Average on Bar Graphs

Levels Question 1 Question 5 Question 6a
44 51 57
1-2
(26.8%) (31.1%) (34.8%)
110 68 107
3-4
(62.1%) (41.5%) (65.2%)
10 45 0
5-6
(6.1%) (27.4%) (0.0%)
164 164 164
Total
(100.0%) (100.0%) (100.0%)

Table 4.1 revealed that when students’ definitions, interpretations and evaluations
of the concept of average were analyzed as a whole in Q1, most of the students
(62.1%) performed at Level 3-4. On the other hand, while 26.8% of the students
were identified to be at Level 1-2 in Q1, only 6.1% of the students performed at
Level 5-6. Findings of the study were not different for Q5. That is, most of the
students (41.5%) performed at Level 3-4. The number of students observed at
Level 1-2 and Level 5-6 in Q5 was 31.1% and 27.4%, respectively. Lastly, Table
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4.1 indicates that 65.2% of the students were at Level 3-4 in Q6a. The remaining
34.8% of the students performed at Level 1-2 and there were no students
performing at Level 5-6. This was an expected result for Q6a since it was a
question related to the interpretation of the concept of average concept only; hence,

students were expected to be at either Level 1-2 or Level 3-4.

In the following sections, to answer the sub question of the present study, the
answers of students at different statistical literacy levels are explained in detail for
Q1, Q5 and Q6a providing examples from students’ answers. To put it differently,
how seventh grade students at different statistical literacy levels define, interpret

and evaluate the concept of average on bar graphs is explained for Q1, Q5 and Q6a.

4.1.1 The Concept of Average on Bar Graphs in Question 1

In question 1 (Q1), the students were provided with a news excerpt regarding the
average income in a company. In the question, the income of the personnel in
different departments was presented on a bar graph and the average was calculated
as 4300 TL by using the mean algorithm. However, the income of the manager was
much higher than the income of the personnel in the other departments. To state it
differently, there was an outlier in the given data and the students were expected to
realize this outlier. Q1 entailed four sub-questions. In the first sub-question, Qla,
students were asked what they understood from the average given in the news. In
this way, their interpretation of the concept of average in the given context was
examined. In the second sub-question, Q1b, students’ interpretation of the concept
of average was investigated once more via a different question. Q1b asked students
how the concept of average in the news was calculated. On the other hand, the third
sub-question, Qlc, was about students’ evaluation of the claim in the article
regarding the average income. The students were asked the question of whether or
not they would give up their current work which granted an income of 2900 TL by
taking into account the information conveyed through the graph and the average

income in the news. The last sub-question, Q1d, required defining the concept of
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average, which the students had learnt in their mathematics class. They were also

required to give an example related to the concept of average.

The statistical literacy levels of the students were determined by an overall analysis
of their answers to the four sub-questions. As presented in Table 4.1, 26.8% of the
students performed at Level 1-2 in Q1. In the modified version of the framework of
Watson and Callingham (2003), it was stated that any idea related to the concept of
average is observed by Level 1 students while defining and interpreting the
average. On the other hand, students at Level 2 express some single ideas about the
concept of average, such as ‘normal’ or ‘the same as others’ while defining and
interpreting the concept of average. Critical evaluation of the claims related to the
concept of average in a social or scientific context is not an expected skill of Level
1-2 students since they cannot define or interpret the concept. In further sections,
definitions, interpretations and evaluations of Level 1-2 students in Ql are

presented.

Findings of the present study showed that 10.9% of the students could not present
any idea while defining the concept of average in Q1d; therefore, these students
were placed at Level 1. However, some single ideas were begun to be used in
defining the average by 5.4% of the students; hence, these students were placed at
Level 2. The word about was the most preferred word. These students explained
that, for them, average refers to the word about. Figure 4.1 shows the answer of

such a student.

d) Matematikte kullandiginiz “Ortalama” kelimesini kendi climleleriniz ile tanimlayiniz.
kavrami ile ilgili bir 6rnek veriniz.

Be 4 ykacdada kelicigim g8
Yoklasik olacak demck  14hger.  Yanl

ortal ame, kelimes

Figure 4.1 The definition of average by a Level 1-2 student in Q1d
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Other single words or ideas preferred by students in defining the concept of

average in Q1d were almost, around, uncertain, rounding and estimation.

On the other hand, when the answers of students whose statistical literacy levels
were determined to be at Level 1-2 to the interpretation questions in QI, it was
observed that some of them either did not interpret the concept of average or
presented some irrelevant responses. For example, S31 in Figure 4.2 made his
interpretation presenting almost the same wording in the news given: “average
income which will be given to personnel in the company”. Moreover, he explained

that average income was computed based on the department.

a) Yukaridaki haberde gegen ortalama kelimesinden ne anliyorsunuz?
IN%aSay 5" L'.*‘ (PO'SQM) qq f‘s,cm ’wmq
VereCes m aagi, O rhalamas).

b) Yukaridaki haberde gecen ortalama maas nasil hesaplanmistir? Cevabinizi agik bir sekilde
belirtiniz. ¥
et 0\‘?4'3 | mavkiye ofa.

5"'\‘2L Bﬁ f..‘*nlso»‘ Olornt Qﬂ\»ﬁﬂb:h’-
.n,“»f-l'n'n«aé Cq’,ﬁa&,".'f_ ‘

Figure 4.2 Interpretations of average by a Level 1-2 student in Qla and Q1b

It was observed that some of the students interpreted the concept of average in Qla
and Q1b by using the same single ideas that they had used in defining the concept
of average; thus, these students were placed at Level 2. Differently, the sum of the
given salaries was used by some students to interpret the meaning of the concept of
average in the given news in Qla. A sample answer can be observed in Figure 4.3.
The student stated that average is like the sum of the given incomes in the

company.
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a) Yukardaki haberde gecen ortalama kelimesinden ne anliyorsunuz?

Octalama  delimosinden c\nlc«ham« Lacla/lglau

o1 verilen masin Taplyay gibl

b sey qbyor oMTodarma_ cliyinc ¢

Figure 4.3 Interpretation of average by a Level 1-2 student in Qla

Besides, findings of the present study revealed that some of the students (7.3%)
whose statistical literacy levels were determined to be at Level 2 could not define
the concept of average in Q1d. However, all of them could interpret the concept of
average when asked for its meaning in the given context in Qla. This could be an
indication of the effect of the context. Indeed, the student in Figure 4.4 could not
define the concept of average in Q1d but interpreted it as more than less and less

than more, which was coded as more or less as an interpretation in Qla.

Yukaridaki haberde gecen ortalama kelimesinden ne anliyorsunuz?

@Fodan gol . Gok to0 O

Figure 4.4 Interpretation of average by a Level 1-2 student in Qla

However, the effect of the context was not observed when the answers of students
at Level 2 were examined for the interpretation question regarding the computation
of average in Q1b. It was found that most of the students could answer the question
but they presented some irrelevant responses. Interestingly, these students could
define the concept of average in Q1d or could make an interpretation regarding the
meaning of average in the given news in Qla but they had difficulty in interpreting
the computation of average in the given news. For instance, S64 in Figure 4.5 both

defined and interpreted the average concept using the word about in Q1d and Qla,
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respectively; therefore, this student was placed at Level 2. However, as can be
observed in Figure 4.5, she could not interpret the computation of the average in
the given news but explained her own opinion regarding the salaries in the
company: “The manager could increase or decrease income according to the

person.”

b) Yukaridaki haberde gecen ortalama maas nasil hesaplanmistir? Cevabinizi acik bir sekilde
belirtiniz.

Yonefici
e Yo O[J;Jf ebi Lk

Kirl e (90///1” moas: 609\0/7///0

Figure 4.5 Interpretation of average by a Level 1-2 student in Q1b

Similarly, the number of students whose statistical literacy levels was determined
as Level 1-2 in Q1 and who used a single idea in interpreting the computation of
average in the given news in Q1b was much less than the number of students who
used a single idea interpreting the meaning of the average in Qla. It was stated by
Level 1-2 students that average was computed through estimation or rounding but
these students did not show how the average income is obtained through rounding
or estimation. There were two students who stated that average was calculated by
adding all the given salaries like the student in Figure 4.6. Similar to S64 in Figure
4.5, S161 defined and interpreted the concept of average using the word about.
However, she interpreted the computation of average in Q1b differently. She said
that average in the news was calculated through the sum of the income of the
personnel. Nevertheless, these students did not add the salaries of the given

personnel and reached the result of 4300 TL.
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Figure 4.6 Interpretation of average by a Level 1-2 student in Q1b

Findings of the present study indicated that none of the students whose statistical
literacy levels were determined as Level 1-2 could critically evaluate the given
average in the news in Qlc. While 10% of Level 1-2 students accepted the average
income directly, some presented idiosyncratic responses to justify their decisions in
Qlc. For example, a student in Figure 4.7 decided to give up his or her work by
presenting the idea that average income in the news is more than their own income

in the given context.

Figure 4.7 Evaluation of average by a Level 1-2 student in Qlc

Figure 4.8 shows a sample of an idiosyncratic response made by S144 in Qlc.
S144 states that there is no meaning in giving up her work while she is still
working. She also thinks that there is a possibility that she is not suitable for that

work; therefore, she decides not to give up her current work. Just as S144, 10.3%
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of the students evaluated the news but did not focus on the critical features in the

given news.

Figure 4.8 Evaluation of average by a Level 1-2 student in Qlc

Different from the students in Figure 4.7 and Figure 4.8, some students whose
levels were determined as Level 1-2 made their evaluations focusing on only single
ideas or some values in the given data. They did evaluate the given news in Qlc
but did not question the average in the news and did not take into account the effect
of all the data in the reported average. For instance, the student in Figure 4.9 stated
that she reached her decision based on the salary of department D whose personnel
get the minimum income in the company. She also stated that the salary of

department A was much lower.

Figure 4.9 Evaluation of average by a Level 1-2 student in Qlc
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On the other hand, the overall analysis of students’ definitions, interpretations and
evaluations of the concept of average in Q1 indicated that more than half of the
students (62.1 %) performed at Level 3-4 in Q1. According to the modified version
of the framework, students still use single ideas at Level 3 in defining or
interpreting the average concept. However, students begin to use ideas related to
measures of central tendency in either defining or interpreting the concept of
average, especially in questions requiring the interpretation of the computation of
average. Besides, at Level 4, students generally use some ideas related to measures
of central tendency in defining and interpreting the concept of average. Some ideas
related to the representative nature of the concept of average also begin at Level 4
in the definition and interpretation of the concept of average. It was stated in the
framework that although students at Level 4 could compute the mean or median of
a small data set, they could not compute weighted mean. Critical questioning of the
concept of average in social or scientific context is still not observed at Level 3-4.
As previously stated, findings of the present study showed that 62.1% of the
students performed at Level 3-4 in Q1. Table 4.2 and 4.3 below reveals definitions
and interpretations of students whose levels were determined as Level 3-4 in Q1.
Since the characteristics observed at Level 3 and Level 4 are specified clearly in
the framework, the levels of the students could be determined as Level 3 and Level
4 separately. More specifically, while 19.2% of the students performed at Level 3
in Ql, 46.8% of the students performed at Level 4. The definitions and
interpretations made by the students whose levels were determined as Level 3 and
Level 4 are presented in separate tables below. Moreover, since critical questioning
of the concept of average was not observed in Level 3-4 students, the tables do not

include an evaluation component.
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Table 4.2 The distribution of students at Level 3 in terms of their definitions and

interpretations of the concept of average in Q1

Definition of
average

Interpretation
regarding the
meaning of average

Interpretation
regarding the
computation of
average

Ideas related to
measures of central

Ideas related to
measures of central

Ideas related to
measures of central

tendency tendency tendency
-Mean: 2 -Mean: 1 - Mean: 20
(1.2%) (0.6%) (7.9%)
-Median: 2 -Median: 3 -Median: 0
(1.2%) (1.8%) (0.0%)
-Mode: 0 -Mode: 4 -Mode: 0
(0.0%) (2.4%) (0.0%)
Students Single Ideas Single Ideas Single Ideas
at Level 3 12 12 0
(7.2%) (7.2%) (0.0%)
Irrelevant Irrelevant Responses  Irrelevant Responses
Responses 10 7
3 (6.0%) (4.2%)
(1.8%)
No Answer No Answer No Answer
13 2 5
(7.8%) (1.2%) (3.0%)
Total 32 32 32
(19.2%) (19.2%) (19.2%)

Table 4.2 indicated that 32 students (19.2%) performed at Level 3 in Q1. When the
definitions of Level 3 students were examined, it was observed that 7.8% of the
students could not present any definition related to the concept of average in Q1d.
While 7.2% of the students used some single ideas in defining the concept of
average, only 2.4% of the students used ideas related to measures of central
tendency in defining the concept of average. There were also 3 students (1.8%)

who provided some irrelevant responses while defining the average in Q1d. As can
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be remembered, two questions related to the interpretation of the concept of
average exist in Q1. While Qla was related to the interpretation of the meaning of
the given average in the news, Qlb was related to the interpretation of the
computation of the average in the news. Table 4.2 showed that most of the students
(7.2%) who were at Level 3 in Q1 interpreted the meaning of the concept of
average in the given news by using single ideas. While 6.0% of the students
presented some irrelevant responses in interpreting the meaning of the concept of
average in Qla, 4.8% of the students interpreted it using ideas related to three
measures of central tendency. There were 2 students (1.2%) who did not provide
any interpretation regarding the meaning of the concept of average. On the other
hand, most of the students who performed at Level 3 (7.9%) interpreted the
computation of the average in the given news by using ideas related to the
measures of central tendency but the only idea observed was mean. While 7 (4.2%)
of the students presented some irrelevant responses in interpreting the computation
of the average in the given news in Q1b, 3.0% of the students could not provide
any answer. In further sections, definitions, interpretations and evaluations of Level

3 students in Q1 are presented.

As indicated in Table 4.2, the findings of the present study revealed that 7.2% of
the students whose statistical literacy levels were determined to be at Level 3 used
some single ideas similar to those at Level 2 in defining the concept of average in
Q1d or interpreting the meaning of the concept of average in Qla. However, these
students expressed the idea of mean in interpreting the calculation of the average in
Q1b without any discussion of why it is appropriate to use that measure in
calculation or made no effort to justify the given average using the mean algorithm.
Hence, these students were placed at Level 3. For instance, the student in Figure
4.10 explained that the average in the given news was calculated by dividing the
sum of the income of the personnel by the number of personnel in the company.
Nevertheless, his suggestion for the calculation of the average was not appropriate

to his definition or interpretation since this student defined the concept of average
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in Q1d as the sum of the given values. Similarly, he interpreted the meaning of the

average income in Qla as the sum of the given income.

b) Yukaridaki haberde gegen ortalama maas nasil hesaplanmistir? Cevabinizi agik bir sekilde
belirtiniz.

Hoa Wiad Calworse ve cekodd Moo
A\ aoc o, WAL G\ W MaF el 1o
Yoplen  censamlea WYY,

Figure 4.10 Interpretation of average by a Level 3-4 student in Q1b

Furthermore, it was observed that some students used ideas related to three
measures of central tendency in either defining the concept of average in Qld or
interpreting its meaning in Qla. However, they could not transfer their
understandings to all of the definition or interpretation questions. Therefore, these
students were placed at Level 3. For instance, the student in Figure 4.11 defined the
concept of average in Q1d by using the idea of mean. She stated that the average
was division of the sum of the existing numbers by the number of number.
However, she could not apply her definition to her interpretation of the meaning of
the concept of average in Qla or her interpretation of the calculation of the concept
of average in Q1b. While she stated that the meaning of the concept of average is
about in Qla, she provided her own opinion regarding the income in the company
while interpreting the computation of the average in Qlb. Her answer was

presented in Figure 4.5.

d) Matematikte kullandiginiz “Ortalama” kelimesini kendi climleleriniz ile tanimlayiniz. Ortalama
kavrami ile ilgili bir 6rnek veriniz.

SR (\q,\da\oh\r Sy VArsa o adar Yo 8 ley
\ ' b ' A\ 2

Soy ) SeiS\ao Wil mtVigly

(R

Figure 4.11 Definition of average by a Level 3-4 student in Q1d
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Besides, as indicated in Table 4.2, 7.9 % of the students whose statistical literacy
levels were determined as Level 3 used some ideas related to the mean in the
interpretation question regarding the computation of average in Qlb. However, it
was observed that some of those students provided only ideas related to addition
and division as in the definition of the mean algorithm but did not relate it to the
given context. S62 in Figure 4.12 answered the question of how the average
income in the given news was calculated as first of all, all of the numbers were
added, and then they are divided. The similarity between the average definition of

S64 in Q1d in Figure 4.11 and that of S62 in Q1b is explicit.

b) Yukaridaki haberde gegen ortalama maas nasil hesaplanmistir? Cevabinizi agik bir sekilde
belirtiniz.

Soglart betsi toplanmishe. Sonra 68180MdsHd

Figure 4.12 Interpretation of average by a Level 3-4 student in Q1b

Moreover, it was noticed that some students whose statistical literacy levels were
determined as Level 3 and used some ideas related to the mean in the interpretation
question regarding the computation of average in Q1b could not correctly mention
the mean algorithm. For instance, the student in Figure 4.13 showed the calculation
of the average in the given news by reversing the algorithm; in other words, by
dividing the number of personnel by the income. Furthermore, the student did not
state that whether the income is the total income of the all personnel or the total
income of some personnel.

b) Yukaridaki haberde gecen ortalamam

B aag nasil hesaplanmistir? Cevabinizi acik bir sekilde

Qn((z$ao tn‘ﬁf 9& S{iive maaﬂ:l(\ +o Flon

ML‘ cb;(&();/
noos ‘

Figure 4.13 Interpretation of average by a Level 3-4 student in Q1b
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On the other hand, the overall analysis of students’ answers in four sub-questions
in Q1 revealed that 78 students (46.8%) performed at Level 4 in Q1. Different from
the students whose statistical literacy levels were determined as Level 3, students
whose levels were determined to be at Level 4 used ideas related to measures of
central tendency in at least two sub-questions in Q1. For instance, S57 in Figure
4.14 gave the signals of the mean in both interpretation questions in QI. She
interpreted the meaning of the concept of average as division of the sum of all of
the given income by the number of people in Qla. In Q1b, she said that the average
in the given news was calculated through the mean; they divided the total money
by the number of people. However, S57 could not define the average concept in

Q1d; hence, the statistical literacy level of this student was determined as Level 4.

; ?
a) Yukaridaki haberde gecen ortalama kelimesinden ne anliyorsunuiz:

Joni heckase veflen doplam mooTA
kigr {oyx,’ma b(')‘/v")nf@/’

|
<

b) Yukaridaki haberde gecen ortalama maas nasil hesaplanmistir? Cevabinizi agik bir sekilde
belirtiniz.

Bence aritmett octolomo. Ve esaplonmi.-
©plam poroy bic soursiaax belmzsles.

Figure 4.14 Interpretations of average by a Level 3-4 student in Qla and Q1b

Table 4.3 below presents the definitions of the concept of average of Level 4

students in Q1d and their interpretations related to it in Qla and Q1b.
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Table 4.3 The distribution of students at Level 4 in terms of their definitions and

interpretations of the concept of average in Q1

Definition of

average

Interpretation
regarding the

meaning of average

Interpretation
regarding the
computation of

average

Students
at Level

4

Total

Ideas related to
representativeness
3
(1.8%)

Ideas related to
measures of central
tendency
-Mean: 46

(27.6%)
-Median: 6

(3.6%)
-Mode: 3

(1.8%)

Multiple definitions
3
(1.8%)

Single Ideas
2
(1.2%)

Irrelevant Responses
0
(0.0%)

No Answer
15
(9.0%)

78
(46.8%)

Ideas related to
representativeness
4
(2.4%)

Ideas related to
measures of central
tendency
-Mean: 41

(24.6%)
-Median: 9

(5.4%)
-Mode: 7

(4.2%)

Multiple
interpretations
2
(1.2%)

Single Ideas
6
(3.0%)

Irrelevant Responses
6
(3.6%)

No Answer
3
(1.8%)

78
(46.8%)

Ideas related to
representativeness
0
(0.0%)

Ideas related to
measures of central
tendency
-Mean: 72
(43.2%)

-Median: 1

(0.6%)
-Mode: 1

(0.6%)

Multiple interpretations
2
(1.2%)

Single Ideas
0
(0.0%)

Irrelevant Responses
3
(1.8%)

No Answer
1
(0.6%)

78
(46.8%)
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Table 4.3 revealed that 55 students out of 78 (33.0%) used ideas related to
measures of central tendency in defining the concept of average in Q1d. Mean was
the most preferred measure in defining the concept of average. While 9.0% of the
students could not define the concept of average, 3 (1.8%) of them presented some
ideas related to the representative nature of average while defining the concept of
average in Qld. On the other hand, in defining the concept of average in Q1d, 2
students (1.2%) still used some single ideas and 1.8% of the students used more
than one idea. Ideas related to three measures of central tendency were most
popular among the answers of Level 4 students in interpreting the meaning of the
average in the given news in Qla. Similar to the definition question, mean was the
most preferred idea (24.6%) in interpreting the meaning of the concept of average.
It was realized that 3.0% of the students provided either some single ideas or
irrelevant responses in interpreting the meaning of the concept of average in Qla.
Similar to the definition question, 2.4 % of the students presented some ideas
related to the representative nature of the concept of average in interpreting its
meaning in the given news. While 3 students (1.8%) could not interpret the
meaning of the concept of average in Qla, 2 of them (1.2%) provided multiple
interpretations. Lastly, when the students’ answers were analyzed in the
interpretation question related to the computation of the average in the given news
in Q1b, it was noticed that again students chose ideas related to three measures of
central tendency. However, almost no other measure than mean was encountered in
the students’ interpretation of the calculation of the average in Q1b. 43.2% of the
students used the idea of mean when interpreting the calculation of the average.
The remaining 4 students (2.4%) either could not interpret the average concept or
presented some irrelevant responses in interpreting the computation of the average
in Q1b. In further sections, definitions and interpretations of Level 4 students are

examined in detail by providing examples from students’ answers.

It can be inferred from Table 4.3 that mean was the most preferred measure of

central tendency by Level 4 students in defining the concept of average in QI.
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Interestingly, 15 students (9.0%) whose levels were determined as Level 4 could
not present any definition in Q1ld. The number is much higher than it is in the
previous level, Level 3. However, it was observed that 9 of those 15 students that
did not define the concept in Qld provided some examples that showed the
application of the mean algorithm in a different context, just as the student in
Figure 4.15.

d) Matematikte kullandiginiz “Ortalama” kelimesini kendi ciimleleriniz ile tanimlayiniz. Ortalama
kavrami ile ilgili bir 6rnek veriniz.

Hesela e -okvl  ortelamarm hegaploale 140 0

leullndigim go‘. drnc})in 6 verim va,

4,2, 3,4 olgvn bunlyy  taplrim 42434446
@y sver boge  baleim 16163

Figure 4.15 Example of average by a Level 3-4 student in Q1d

S160 whose statistical literacy level was determined as Level 4 in Figure 4.15 tried
to define the concept of average in Qld by presenting an example related to her
average grade point. In other words, this student needed a context to show his/her

understanding of the concept of average.

On the other hand, students whose statistical literacy levels were determined to be
at Level 4 used some ideas related to other measures of central tendencies in
defining the concept of average. However, the number was much less when it was
compared with the number of students who used the idea of mean in defining the
concept of average. For instance, the student in Figure 4.16 defined it as the middle
value in the data set in Qld. He said that average is the middle of anything.
Although he did not use the word median explicitly, he explained his idea clearly

by providing an example, which can be examined in Figure 4.16.
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d) Matematikte kullandiginiz “Ortalama” kelimesini kendi ciimleleriniz ile tanimlayn
kavrami ile ilgili bir rnek veriniz.
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Figure 4.16 Definition of average by a Level 3-4 student in Q1d

Similarly, students whose statistical literacy levels were determined as Level 4 did
not use the exact word of mode but they used some words which referred to the
idea of mode, such as generally or majority in defining the concept of average in
Q1d. Only 3 students (1.8%) presented the idea of mode in defining the concept of
average. Furthermore, it was observed that 1.8% of the definitions made by Level 4
students reflected the representative nature of the concept of average. A sample

answer of such a student is shown in the following figure.

d) Matematikte kullandiginiz “Ortalama” kelimesini kendi ciimleleriniz ile tanimlayiniz. Ortalama
kavrami ile ilgili bir drnek veriniz.
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Figure 4.17 Definition of average by a Level 3-4 student in Q1d

S95 in Figure 4.17 stated that average is something about calculation and finding a
common value for a data set. Although this student did not mention
representativeness explicitly in her definition, it was thought that this student is
aware that average is a measure related to all of the data in the given data set. It

was also noticed that there were a few Level 4 students who presented multiple
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definitions in Q1d, just as the student in Figure 4.18.

Figure 4.18 Definition of average by a Level 3-4 student in Q1d

S41 in Figure 4.18 defined the concept of average in Qld using three words:
uncertain, quite likely and generally. S41 believes that average does not give a
certain value but it reflects the general situation. To state it differently, this student
defined the concept by using both a single idea, uncertain, and the idea of mode by
using the word generally. Different from S41, 2 students (1.2%) defined the
concept by using two measures of central tendency. Figure 4.19 displays the

definition of these students.

Figure 4.19 Definition of average by two Level 3-4 students in Q1d

S34 in Figure 4.19 said that the average was the division of the sum of certain data
by the number of data, that is, she continues, finding the middle number. In other
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words, S34 defined the concept of average by using the ideas of mean and median
in Q1d. On the other hand, S89 defined it by using the ideas of mode, using the
word majority, and median. Moreover, although S34 believed that with the
application of mean, the median of the data set is obtained, it can be observed from
her example in Figure 4.19 that she did not realize that 60 is not the middle value in

her data set.

When the answers of the students whose statistical literacy level was determined as
Level 4 to the interpretation question in Q1 were examined, it was realized that
mean was the most preferred measure of central tendency, as in the definition of
the concept of average in Q1d. As at Level 3, the usage of mean increased much
more, reaching 44.4%, in the interpretation question regarding the computation of
average in Qlb. Even though some students defined or interpreted the concept of
average as median or mode in the definition question in Q1d or in the interpretation
of the meaning of the concept of average in Qla, they used the idea of mean in
their interpretation of the calculation of the given average in the given news in
Q1b. For example, S89 in Figure 4.19 above defined the concept by using the ideas
of median and mode. Moreover, he interpreted the concept of average again as
majority in the interpretation question which asked for the meaning of the average
in the given news in Qla, which can be seen in Figure 4.20. However, as can be
observed in Figure 4.20, he stated that to obtain the majority, the sum of all could
be divided by the number of data in Q1b.

a) Yukandaki haberde gecen ortalama kelimesinden ne anliyorsunuz?

G@n\u\g

b) Yukaridaki haberde gegen ortalama maas nasil hesaplanmistir? Cevabinizi agik bir sekilde
belirtiniz.

Hapdit ‘l’ob\hqu W\ Seyqtyina 1:?3\“:'5 o‘m\d'\"’\"r

Figure 4.20 Interpretations of average by a Level 3-4 student in Qla and Q1b
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3.0% of the students whose statistical literacy levels were determined as Level 4
used some single ideas in interpreting the meaning of the concept of average in
Qla. However, it was realized that these students defined the concept of average by
using the idea of mean in Q1d. For instance, S44 in Figure 4.21 defined it in Q1d
as dividing the sum of something by something else. However, she interpreted the
meaning of the average income in the given news in Qla as about. Since S44
interpreted the calculation of the concept of average in the given news in Qlb
through the mean of the given data, she was placed at Level 4, but the differences
between the definition and interpretation provided by S44 reveals the gap between
the student’s own understanding of the concept of average and what she had learnt

in the school.

d) Matematikte kullandiginiz “Ortalama” kelimesini kendi cimleleriniz ile tanimlayiniz. Ortalama
kavrami ile ilgili bir drnek veriniz.
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a) Yukaridaki haberde gegen ortalama kelimesinden ne anliyorsunuz?

Orjolomo. 2 Yoklosie  ©lorod -

Figure 4.21 Definition and interpretation of average by a Level 3-4 student in Q1d

and Qla, respectively

The interpretation of the meaning of the average concept of one of the Level 4
students exemplifies the above situation once more. The interpretation of the
student in Qla could be observed in Figure 4.22. S96 in Figure 4.22 provided two
interpretations related to the meaning of the concept of average in Qla, one for the

context of mathematics and the other as used in the public. While she interpreted
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the meaning of the concept of average as the mean in mathematics, she stated that

average is used to mean general in the daily language of the public.

a) Yukaridaki haberde gegen ortalama kelimesinden ne anliyorsunuz? l
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Figure 4.22 Interpretations of average by a Level 3-4 student in Qla

Furthermore, it was realized that although 43.2% of the students whose statistical
literacy levels were determined to be at Level 4 used the idea of mean in the
interpretation question related to computation of average in Q1b, most of them did
not state or apply the algorithm correctly as the students whose statistical literacy
levels were determined as Level 3. For example, the student in Figure 4.23 below
thought of using the mean algorithm to find the average income in the company.
However, instead of dividing the sum of incomes with the total number of
personnel in the company, he suggested to dividing it by 5, which is the number of
departments in the company. To put it differently, S32 did not consider computing
the weighted mean in Q1b.

b) Yukardaki haberde gecen ortalama maas nasil hesaplanmistir? Cevabinizi agik bir sekilde

belirtiniz.
3 /;4;7@0\ N L 7,600 moo /\5@00
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Figure 4.23 Interpretation of average by a Level 3-4 student in Q1b

Only 2 students (1.2%) among the other Level 4 students in Q1b suggested finding

the weighted mean to find the given average as the student in Figure 4.24, but none
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of them found the average by applying their suggestion. This was expected of
Level 4 students since, in the framework, it was stated that students could not apply
the algorithm in complex situations, such as in the calculation of the weighted

mean.

b) Yukaridaki haberde gegen ortalama maag nasil hesaplanmistir? Cevabinizi acik bir sekilde
belirtiniz.
Personel Sox\sigla verilea meodlata epilmig Soncade pecsonel
Sayrbinos bo'leam agdin

Figure 4.24 Interpretation of average by a Level 3-4 student in Q1b

Different from the above students, some students whose levels were determined as
Level 4 mentioned finding the mean by reversing the algorithm in the interpretation
question related to the calculation of the average in the given news in Q1b. To state
it differently, these students, as the student in Figure 4.13, suggested finding the
mean by dividing the total number of data by the sum obtained from adding all the

numbers in the data.

b) Yukaridakihaberde gegen ortalama maag nasil-hesaplanmistir? Cevabinizt-acik-bir-sekilde
—belirtiniz.
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Figure 4.26 Interpretation of average by a Level 3-4 student in Q1b

On the other hand, the overall analysis of the students’ answers in the four sub-
questions in QI revealed that 10 students (6.1%) could reach Level 5-6 in Q1. In
the modified version of the framework, it was asserted that in addition to defining

and interpreting the average concept correctly, students critically evaluate the
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claims regarding the concept of average observed in social or scientific contexts at
Level 5-6. It is stated that at Level 6, students recognize the effect of outliers in the
calculation of mean and, therefore, suggest the median as the appropriate measure
of central tendency. At Level 5, students do not realize the effect of an outlier, but
can focus on the mode of the given data and state that if most agree, it will be the
average. Findings of the present study showed that none of the students recognized
the outlier in the data set given in Q1; therefore, no students performed at Level 6.
However, it was observed that some students evaluated the given average focusing
on the mode of the given data set and on the uncertainty of the departments in Q1.
Therefore, these students were placed at Level 5. Table 4.4 below displays the
definitions, interpretations and evaluations of the concept of average of the students

whose statistical literacy levels were determined to be at Level 5.

Table 4.4 indicates that most of the students (5.4%) at Level 5 generally used ideas
related to measures of central tendency in defining the concept of average in Q1d.
Ideas related to the representative nature of the concept of average was also used
by one of the students in defining it in Q1d. When the interpretations of Level 5
students related to the meaning of the concept of average in Qla were examined, it
was realized that students interpreted its meaning by using ideas related to
measures of central tendency. The only emerging measure was the mean.
Furthermore, only 1 student (0.6%) presented multiple interpretations related to the
meaning of the concept of average in Qla. Similarly, all of the students (6.1%)
used the idea of mean in their interpretation related to the computation of the
average in the given news. Lastly, it was observed that 8 students (4.8%) used ideas
related to the mode of the given data set when making their evaluations of the claim
related to the average in the given news in Qlc. The remaining 2 students (1.2%)
mentioned ideas related to wuncertainty of departments when making their
evaluations in Qlc. As can be easily realized, the only difference between Level 4
and Level 5 students were their evaluations of the claim related to the concept of

average in Qlc. Level 5 students used similar ideas with those of Level 4 students
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in defining the average in Qld and interpreting the average in Qla and Qlb.

Therefore, further sections do not present definitions and interpretations of students

whose statistical literacy levels were determined as Level 5. Only evaluations of

Level 5 students regarding the claim related to the given average in the given news

in Qlc are provided with supporting examples from students’ answers.

Table 4.4 The distribution of students at Level 5 in terms of their definition,

interpretation and evaluation of the concept of average in Q1

Definition of

the average

Interpretation
regarding the
meaning of the

average

Interpretation
regarding the
computation of

the average

Evaluation of

the average

Students
at Level

5

Total

Ideas related to
representativeness

1
(0.6%)

Ideas related to

measures of

central tendency

- Mean: 7
(4.2%)

- Median: 2
(1.2%)

-Mode: 0

(0.0%)

Multiple
Definitions
0
(0.0%)

10
(6.1%)

Ideas related to
representativeness
0
(0.0%)

Ideas related to

measures of

central tendency

- Mean: 9
(5.4%)

- Median: 0

(0.0%)

-Mode: 0

(0.0%)

Multiple
Interpretations
1
(0.6%)

10
(6.1%)

Ideas related to
representativeness
0
(0.0%)

Ideas related to
measures of
central tendency
- Mean: 10
(6.1%)

- Median: 0

(0.0%)-
Mode: 0

(0.0%)

Multiple
Interpretations
0
(0.0%)

10
(6.1%)

Ideas related to
representativeness
0
(0.0%)

Ideas related to

measures of

central tendency

-Mode: 8
(4.8%)

- Median: 0

(0.0%)

-Mode: 0

(0.0%)

Ideas related to
uncertainty of
department
2
(1.2%)

10
(6.1%)

It was previously stated that many of the students (4.8%) whose statistical literacy

levels were determined as Level 5 evaluated the claim related to the given average
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in the news in Qlc by using the idea of mode. In other words, these students used
the income of the maximum number of personnel in the company to evaluate the
given average. For example, S70 in Figure 4.27 asserted that department A has the
maximum number of personnel, and the amount of income in that department is
2400 TL; therefore, she decided not to give up her current work, where she gets
2900 TL. To state it differently, although S70 did not clearly mention it, she
believed that the income of most of the personnel would be the average income in

the company; that is 2400 TL.

¢) Suan 2900 TL maas ald)j
birime yerlestirilecek o
birakip bu is yerinde galis

C e e |

Figure 4.27 Evaluation of average by a Level 5-6 student in Qlc

Some Level 5 students, such as in Figure 4.28, also considered the number of
personnel in department D together with the number of personnel in department A
while presenting her evaluation of the claim related to the concept of average in
Qlc. S43 in Figure 4.28 states that the average income in the news is higher than
her income; however, if she takes into consideration that the sum of the personnel
in departments A and D is high and their income is less than hers, she does not

want to change his/her work.

It can be understood from the evaluation of S43 that these students still do not
suspect the given average in the news. Nevertheless, it was believed that they were
beginning to realize that the higher the number of personnel, the more effect it will

have on the average income; therefore, these students were placed at Level 5.
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€ $uan 2900 Tt maas aldig
birime yerlestiri
birakip bu is yerinde

Figure 4.28 Evaluation of average by a Level 5-6 student in Qlc

Moreover, similar to the above students, 2 students (1.2%) made their evaluations
using ideas related to the uncertainty of departments. Figure 4.29 displays the
answer of such a student. S79 in the figure below said that it was logical to work in
the company mentioned in the question when the average income was taken into
account, but as it was not certain in which department he would be placed in, he
thought it was better to take no risk. Similar the students whose statistical literacy
levels were determined as Level 5 and who used the idea of mode in their
evaluations in Qlc, these students still do not suspect the given average in the
news. However, since these students focused on the critical features in the given
news and since it was believed that these opinions could be the beginning for the

recognition of the outlier, these students were placed at Level 5.

Figure 4.29 Evaluation of average by a Level 5-6 student in Qlc
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4.1.2 The Concept of Average on Bar Graphs in Question 5

Question 5 (Q5) had similar purposes with Q1, but the contexts were different. In
Q5, students were given an interview in which they were provided with a bar graph
displaying the number of customers in terms of different package types in the hotel.
In the interview, the average was calculated using the weighted mean and found
that the average number of days that customers preferred was 5 days. However, the
data presented in the interview was categorical; hence, the mean is not an
appropriate measure of average type. Students were expected to realize the
categorical data and suggest the use of the mode of the given data as the
appropriate type of average. Q5 involved 2 sub-questions. In the first sub-question,
Q5a, the students were asked how the average in the interview was calculated. In
this way, their interpretation of the concept of average in the given context was
examined. In the second sub-question, Q5b, students were required to evaluate the
given average asking the question of whether or not they agreed with the decision
of the director regarding the organizing packages of a maximum of 5 days by

taking into account the bar graph given.

The statistical literacy levels of students were determined by the overall analysis of
the students’ answers to the two sub-questions in Q5 and their average definitions
in Qld. As Table 4.1 indicated, just as in Q1, most of the students (41.5%)
performed at Level 3-4 in Q5. The percentage of students at Level 1-2 and Level 5-
6 in Q5 were 31.1% and 27.4%, respectively. These percentages are higher than the
those of students performing at Level 1-2 and Level 3-4 in Q1. Since the
frequencies of students’ definitions of average at all levels were almost the same in
Q1, further sections explain the students’ interpretations related to the computation
of the average in Q5a and their evaluations of the claim related to the given average
in the interview in Q5b. The findings for Level 1-2, Level 3-4 and Level 5-6
students are presented in the following paragraphs by providing examples from

students’ answers.
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First of all, 51 students (31.1%) performed at Level 1-2 in Q5. The students’
interpretations and evaluations at Level 1-2 regarding the average concept showed
similar characteristics with those of Level 1-2 students in Ql. To state it
differently, at Level 1, students could not interpret the given average in the
interview. They either left the interpretation question blank or provided irrelevant
responses as the student in Figure 4.30. S36 in Figure 4.30 explained that Mr.
Metin thought about how both he and his customers would be profitable. She did
not mention any idea regarding the computation of the average with the given data;

therefore, this student was placed into Level 1.

a) Sizce Metin Bey réportajda gegens
80z Online alarak nasil hesaplamist
ediniz.

%ﬁnlﬁk ortalamayi grafikteki verileri
r? Cevabinizi agik bir sekilde ifade

s b{” Goatdicsnh v de. Vatanda$in  Nasi)  Lar)
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Figure 4.30 Interpretation of average of a Level 1-2 student in Q5a

On the other hand, it was observed that students whose statistical literacy levels
were determined as Level 2 in Q5 still have difficulties in interpreting the
calculation of the average in Q5a. These students were placed at Level 2 because

they have used some single ideas, like about in defining the concept of average in

Qld.

When the evaluations of Level 1-2 students in Q5 related to the given average in
the interview was examined, evaluations similar to those in Q1 were encountered.
In other words, these students could not evaluate the given average in the interview
in Q5b, but either accepted the given average directly or presented idiosyncratic
responses, just as S114 in Figure 4.31. S114 agreed with the decision given

because she stated that Mr. Metin thought that people’s annual holiday was one
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week.

) Verilen grafigi géz dniine alarak Metin Bey’in 5 giinliik paketleri en fazla
yapma kararina katiliyor musunuz?

Hayir

o Bu sonuca nasil ulastiniz? Cevabinizi acik bir sekilde belirtiniz.

YV wsanbls | TARE SLO NI .lr.......La.,Q:h
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Figure 4.31 Evaluation of average by a Level 1-2 student in Q5b

Different from Q1, some students at Level 1-2 in Q5b depended on the given graph
in making their evaluations related to the average given in the interview, but they
only read the given data or mentioned the variation in the data. For instance, S141
in Figure 4.32 explained that she agreed with the decision of the director since the
number of customers and packages were decreasing slowly. However, S141 did not

explain how she used variation in making her evaluations in Q5b.

b) Verilen grafigi g6z dnline alarak Metin Bey’in 5 giinliik paketleri en fazla
yapma kararina katiliyor musunuz?

@Haylr

o Bu sonuca nasil ulas

tin1z? Cevabinizi acik bir sekilde belirtiniz.

Figure 4.32 Evaluation of average by a Level 1-2 student in Q5b

On the other hand, the overall analysis of students’ interpretations and evaluations
of the average concept in Q5 and their definitions of the average concept in Q1d
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indicated that almost half of the students (41.5%) performed at Level 3-4 in Q5.
Since the characteristics observed at Level 3 and Level 4 were specified clearly in
the framework, the students’ levels could be determined as Level 3 and Level 4
separately in Q5. More specifically, while 22.2% of the students performed at
Level 3 in Q5, 16.8 % of the students performed at Level 4. As previously
mentioned, the frequencies of the definitions made by Level 3 and Level 4 students
related to the concept of average was almost the same in Q1. Furthermore, as stated
in the framework, critical questioning of the concept of average was still not
observed at Level 3 and Level 4. It was revealed in the current study that Level 3-4
students made their evaluations related to the concept of average in the interview in
Q5b, just as the students at Level 1-2 in Q5. Thus, the following table displays only
the interpretations of students whose statistical literacy levels were determined to
be at Level 3 and Level 4 in Q5 regarding the computation of the average in the

given interview in Q5a.

Table 4.5 indicates that 22.2% of the students performed at Level 3 in Q5. Most of
these students (7.8%) interpreted the computation of the given average in the
interview using ideas related to the measure of central tendency in Q5a. Just as in
Ql1, the idea of the mean was the most preferred one (7.8%). While 12 students
(7.2%) provided an irrelevant response in interpreting the computation of the
average, 4.2% of the students could not present any interpretation in Q5a. These
students were placed at Level 3 in Q5 because they used some ideas related to the
measure of central tendency in defining the concept of average in Qld. On the
other hand, 16.8% of the students’ statistical literacy levels were determined as
Level 4 in Q5. Different from the students whose statistical literacy levels were
determined as Level 3, students whose levels were determined as Level 4 used
ideas related to measures of central tendency in both interpreting the concept of
average in Q5a and defining the average in Q1d. It was observed that all of the
Level 4 students (16.8%) in Q5 interpreted the calculation of the average in the

given interview by using ideas related to the measure of central tendency. Only 2 of
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28 (1.2%) students used some ideas related to the mode of the given data while
interpreting the calculation of the average in Q5a. The remaining students (15.6%)

used the idea of the mean in their interpretations.

Table 4.5 The distribution of Level 3 and Level 4 students in terms of their

interpretations regarding the computation of average in Q5

Students at Level 3 Students at Level 4
Ideas related to measures of Ideas related to measures of
central tendency central tendency
- Mean: 13 - Mean: 26
(7.8%) (15.6%)
-Median: 0 -Median: 0
Interpretation (0.0%) (0.0%)
regarding the -Mode: 5 -Mode: 2
(3.0%) (1.2%)
computation of
Irrelevant Responses Irrelevant Responses
average 12 0
(7.2%) (0.0%)
No Answer No Answer
7 0
(4,2%) (0.0%)
Total 37 28
(22.2%) (16.8%)

Not much difference is observed when Table 4.5 is compared with Table 4.2 and
Table 4.3, which display the definitions and interpretations of Level 3 and Level 4
students in Q1. In other words, students at both Level 3 and Level 4 generally
interpreted the calculation of the average by using the ideas of the mean in Q1b and
Q5b. However, the number of students using the idea of the mean at Level 4 in
Q5b (15.6%) was a little higher than the number of students using the idea of the
mean at Level 4 in Q1b. For example, S9 in Figure 4.33 found the mean of the data
by dividing the total number of customers by 5, which is the number of different
packages in the hotel. However, the answer of 90 did not bother the student. As this
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example reveals, although the idea of the mean was the most mentioned measure of
central tendency in the calculation of the average, the students seemed to

experience some difficulties in the application of the mean as in Q1.

a) Sizce Metin Bey roportajda gecen 5 giinliik ortalamayi grafikteki verileri
g0z onuine alarak nasil hesaplamistir? Cevabinizi agik bir sekilde ifade
ediniz.

yels
P go
Figure 4.33 Interpretation of average by a Level 3-4 student in Q5a

It was realized that different from QI, the idea of the mode was used more
frequently while interpreting the calculation of the average in Q5a by both Level 3
and Level 4 students. For instance, S59 in Figure 4.34, whose statistical literacy
level was determined as Level 4 in Q5, stated that the average was calculated by
taking into account the day selected by many of the customers. However, this

student did not feel the necessity of checking out her opinion from the data given.

a) Sizce Metin Bey roportajda gecen 5 giinliik ortalamay: grafikteki verileri
goz onune alarak nasil hesaplamistir? Cevabinizi acik bir sekilde ifade
ediniz.

MHin bey misterilesin en Gok  Sectigi
\ v y \
UaU gbe bplnk  Qlarck  hesoplornish .

Figure 4.34 Interpretation of average by a Level 3-4 student in Q5a

It was noticed that only one Level 4 student in Q5, who interpreted the calculation

of the average in the given interview as the mode, checked out his opinion from the
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given data. S30 in Figure 4.35 stated that 140 customers preferred 5-day packages
and based on this, a maximum of 3-day packages were used. In Q5b, which
required the evaluation of the average in the interview, he reached the conclusion
that 3-day packages should be used since they were the most preferred ones by the

customers. The answer of the student can be examined in Figure 4.35.

Figure 4.35 Interpretation of average by a Level 3-4 student in Q5a

On the other hand, the overall analysis of the students’ answers in the two sub-
questions in Q5 and their definitions of average in Q1d revealed that 45 students
(27.4%) could reach Level 5-6 in Q5. The number of students performing at Level
5-6 in Q5 was much more when compared to Q1. It was noticed that Level 5-6
students in Q5 realized that the average mentioned in the interview was not
appropriate and expressed that 3-day packages should be used instead of 5-day
packages. These students were placed into Level 5, not Level 6, since they had
some deficiencies in either defining the concept of average in Q1d or interpreting
the calculation of the average in Q5a. For instance, as previously stated, S30 in
Figure 4.35 used the idea of the mode in both the interpretation and evaluation part
of the fifth question. However, he could not present any definition for the concept
of average in Q1d. As aforementioned, the frequencies of the definitions made by
Level 5 students related to the concept of average almost the same as those in Q1.

Therefore, the following table only displays the interpretations and evaluations of
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the students whose statistical literacy levels were determined as Level 5 in Q5.

Table 4.6 The distribution of Level 5 students in terms of their definitions,

interpretations and evaluations of the concept of average in Q5

Interpretation regarding
Evaluation of the average
computation of the average

Ideas related to measures of Ideas related to measures of
central tendency central tendency
- Mean: 24 -Mean: 1
(14.6%) (0.6%)
- Median: 2 -Middle:1
(1.2%) (0.6%)
-Mode: 1 -Mode: 43
Students at (0.6%) (26.2%)
Level 5 Irrelevant Responses
14
(8.5%)
No Answer
4
(2.4%)
45 45
Total (27.4%) (27.4%)

Table 4.6 indicated that most students (16.4%) used ideas related to the measure of
central tendency in interpreting the computation of the average in Q5a. Similar to
Q1, the idea of the mean was preferred by most of the students (14.6%) in making
their interpretations related to the calculation of the average in the given interview.
There were only 3 students who used ideas of the median and mode during their
interpretation of the calculation of the average in Q5a. While 14 students (8.5%)
presented some irrelevant responses, 2.4% of the students could not provide any

interpretation related to the computation of the average in Q5a. Besides, when the
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evaluations of Level 5 students regarding the average number of days in the
interview were examined, similar to QI1, it was noticed that almost all of them
(26.2%) used ideas of the mode in evaluating the average in Q5b. There were 2
students (1.2%) who evaluated the given average in the interview by using the
ideas of the median and mean. When Table 4.5 and Table 4.6 were compared, it
was realized that Level 5 students used ideas similar to those of Level 4 students
while interpreting the calculation of the average in QS5a. It seems that the only
difference between Level 4 and Level 5 students were their evaluations of the claim
related to the concept of average in Q5b. Therefore, the following sections do not
present interpretations of students whose statistical literacy levels were determined
as Level 5. Only the evaluations of Level 5 students regarding the claim related to
the given average in the interview in Q5b are provided with supporting examples

from students’ answers.

As Table 4.6 indicated, 26.2% of the students used the idea of the mode in the
evaluation of the concept of average in Q5b. These students did not use the word
mode explicitly, but they stated that they did not agree with the decision of the
director since 3-day packages were preferred by most of the customers. Figure 4.36
displays the answer of such a student. S43 said that the number of 3-day packages

should be more since there are more people that stay 3 days in the hotel.

b) Verilen grafigi g6z niine alarak Metin Bey'in 5 giinliik paketleri en fazla

yapma kararina katiliyor musunuz?

o Bu sonuca nasil ulastiniz? Cevabinizi agik bir sekilde belirtiniz.

S Qumlﬂk PQ#??‘&QymdomF;%lm

GO s B O NE e S
&:’JSJ ............. m&lﬁ A

Figure 4.36 Evaluation of average by a Level 5-6 student in Q5b
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It was realized that 2 students (1.2%) in Q5b evaluated the given average in the
interview by using the ideas of the median and mode. Nevertheless, both students
could not correctly apply the measure they had chosen. For example, S81 in Figure
4.37 tried to calculate the mean of the given data in the interview. However, the
student did not divide the total number of days by the total number of customers,
but divided the total number of customers, 550, by the total number of days in the
packages, 40. Since the average found, 13.7, is not 5, he did not agree with the
decision given. Since it was believed that these students suspect the given average
and tried to evaluate the concept by focusing on critical features, these students

were placed into Level 5.

Figure 4.37 Evaluation of average by a Level 5-6 student in Q5b

4.1.3 The Concept of Average on Bar Graphs in Question 6

The last question, which was related to the concept of average on bar graphs was
the first part of question 6 (Q6a). In this question, students were given a double bar
graph which displayed the speed of the wind in the regions of Amasra and
Bandirma throughout the seven months. The question requested the students to find
the average wind speed of both regions. By not asking the students the computation
of the mean directly, but the average, students’ interpretation of the concept of

average was investigated.
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The statistical literacy levels of the students were determined by the overall
analysis of the students’ answers in Q6a and their definitions of average in Qld.
Table 4.1 indicated that most of the students (65.2%) performed at Level 3-4 in
Q6a. While 34.8% of the students performed at Level 1-2, there were no students
performing at Level 5-6. This was an expected result for Q6a since it was a
question related only to interpretation of the concept of average; hence, students
were expected to be at either Level 1-2 or Level 3-4. Since the frequencies of
students’ definitions of average at all levels were almost the same as those in Q1,
the following sections explain the interpretations of students related to the concept
of average in Q6a. The findings for Level 1-2 and Level 3-4 students are presented

with examples from students’ answers.

Firstly, 57 students (34.8%) performed at Level 1-2 in Q6a. Students at these levels
could not interpret the concept of average as the students at Level 1-2 in Q1 and
Q5. At Level 1, most of the students could not present any answer. The remaining
students either read all of the data in the given graph, as S29 in Figure 4.38, or they

presented any value in the graph for both of the regions.

Amasra Bolgesinin ortalama riizgar hizi:
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Figure 4.38 Interpretation of average by a Level 1-2 student in Q6a

On the other hand, different from Q1 and QS5, the sum of the given data was
frequently preferred (11.6%) by Level 2 students to interpret the concept of average
in Q6a. Figure 4.39 displays the answer of such a student. S53 added all of the
given data for both regions to find the average wind speed. Furthermore, she made

a calculation error in finding the sum for the Bandirma region.
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Figure 4.39 Interpretation of average by a Level 1-2 student in Q6a

On the other hand, the analysis of the students’ interpretations of the concept of
average in Q6a and their definitions of the average concept in Qld as a whole
indicated that more than half of the students (65.2%) performed at Level 3-4 in
Q6a. Since the characteristics observed at Level 3 and Level 4 were specified
clearly in the framework, the levels of the students could be determined as Level 3
and Level 4 separately in Q6a. More specifically, while 28.8% of the students
performed at Level 3 in Q6a, 37.2 % of the students performed at Level 4. The
percentages were higher when compared to those in Q5. As previously mentioned,
the frequencies of the definitions made by Level 3 and Level 4 students related to
the concept of average was almost the same in Q1. To state it differently, single
ideas were used frequently at Level 3 in defining the concept but some ideas
related to measures of central tendency began to emerge. However, at Level 4,
students generally defined the concept using the ideas of measures of central
tendency. As there is no question in Q6a related to the critical questioning of the
average concept, the following table only displays the interpretations of students
whose statistical literacy levels were determined as Level 3 and Level 4 regarding

the calculation of the average in Q6a.
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Table 4.7 The distribution of Level 3 and Level 4 students in terms of their

interpretations in Q6a

Students at Level 3

Students at Level 4

Interpretation
regarding the
computation

of the average

Total

Ideas related to measures of
central tendency
- Mean: 30
(18.3%)
- Median: 2
(2.4%)
-Mode: 1
(0.6%)

Ideas related to the sum of the
given data
5
(3.0%)

Ideas related to the place of the
average
2
(1.2%)

Irrelevant Responses
3
(1.8%)

No Answer
3
(1.8%)

48
(28.8%)

Ideas related to measures of
central tendency
- Mean: 61
(37.2%)
- Median: 0
(0.0%)
-Mode: 0
(0.0%)

Ideas related to the sum of
the given data
0
(0.0%)

Ideas related to the place of
the average
0
(0.0%)

Irrelevant Responses
0
(0.0%)

No Answer
0
(0.0%)

61
(37.2%)

Table 4.7 indicated that 28.8% of the students performed at Level 3 in Q6a. Most
of these students (21.3%) interpreted the computation of the average by using ideas
related to the measure of central tendency in Q6a. The idea of the mean was the
most preferred (18.3%), just as in Q1 and Q5. Different from Q1 and QS5, there

were 5 students (3.0%) who found the sum of the given data as the average. While
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3 students (1.8%) provided an irrelevant response in interpreting the computation
of the average, 1.8% of the students could not present any interpretation in Q6a.
These students were placed at Level 3 in Q6a because they used some ideas related
to the measure of central tendency in defining the concept of average in QIld.
Lastly, 2 students (1.2%) presented some ideas related to the place of the average
to interpret the calculation of the average in Q6a. On the other hand, 37.2 % of the
students’ statistical literacy levels were determined as Level 4 in Q6a. Different
from students whose statistical literacy levels were determined as Level 3, Level 4
students used ideas related to measures of central tendency in both interpreting the
concept of average in Q6a and defining the average in Q1d. It was observed that all
of the Level 4 students (37.2%) in Q6a interpreted the calculation of the average by
using ideas related to the measure of central tendency, and all of them used the idea

of the mean in their interpretations.

Some differences are observed when Table 4.7 is compared with Tables 4.2, 4.3
and 4.5. As in QI and QS5, the mean was the most preferred measure of central
tendency at Level 3 and Level 4; however, the usage of the mean was observed
frequently especially by Level 3 students in Q6a. For example, the student whose
statistical literacy level was determined as Level 3 in Q6a in Figure 4.40
interpreted the average as the mean of the given data and could correctly apply the

algorithm.
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Figure 4.40 Interpretation of average by a Level 3-4 student in Q6a
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However, it was observed that calculation errors were very common in finding the
mean. For instance, while S103 in Figure 4.41 found the mean for the Bandirma
region to be approximately 29 km/h, he found the mean for the Amasra region to
be approximately 2011 km/h, and it seems that this student did not care much about

the results he found.

Figure 4.41 Interpretation of average by a Level 3-4 student in Q6a

In addition to interpreting the average as the mean and sum of the given data, 1.2%
of the students whose statistical literacy levels were determined as Level 3 in Q6a
mentioned some ideas related to the place of the average. For example, S15 in
Figure 4.42 stated that the average for the Amasra region would be between 18 and
37, and the average for the Bandirma region would be between 23 and 28. The
values presented by the student were the maximum and minimum values for both
of the regions. Since it was believed that these students could at least consider that
the average could not be less than the minimum value and more than the maximum

value, they were placed into Level 3.
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Figure 4.42 Interpretation of average by a Level 3-4 student in Q6a

On the other hand, the overall analysis of the students’ answers in Q6a and their
average definitions in Q1d revealed that 61 students (37.2%) could reach Level 4 in
Q6a. The number of students performing at Level 4 in Q6a was more than the
number of students performing at Level 4 in Q5, but less in Q1. As Table 4.7
indicated, different from the students whose statistical literacy levels were
determined as Level 4 in Q1 and Q5, no ideas other than the mean was encountered
by Level 4 students in Q6a. To state it differently, when there was a need to
calculate the average, the only idea that Level 4 students came up with was the

mean algorithm.

Table 4.8 in below summarizes the findings of the present study related to the
concept of average on bar graphs. The findings of the present study revealed that in
general, the statistical literacy levels of the students in the questions related to the
concept of average on bar graphs were determined as Level 3-4. There were not
many students reaching Level 5-6 in all of the questions. To put it differently,
while students could interpret the average concept on bar graphs, most of them
could not evaluate the presented average in the questions critically. Lastly, the
mean was the most preferred measure of central tendency in interpreting the

concept of average on bar graphs.
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Table 4.8 The distribution of students across the six levels in the framework in the

questions related to concept of average on bar graphs

The Concept of Average on Bar Statistical Literacy Level
Graphs
Level 1-2 Level 3-4 Level 5-6
Question Skill Focus
Definition 44 110 10
Q1 Interpretation Median (26.8%) (62.1%) (6.1%)
Evaluation
05 Interpretation Mode 51 68 450
Evaluation GLI%)  (41.5%) (27.4%)
57 107 0
Q6 Interpretation  Calculation (34.8%) (65.2%) (0.0%)

In this section, findings related to the average concepts on bar graphs were
presented. The other aim of this study was first of all to determine statistical
literacy levels of seventh grade students regarding the concept average on line
graphs and then to examine how students at different statistical literacy levels
define, interpret and evaluate the average concept on line graphs related to the data
obtained from social or scientific contexts. Hence, in the next section, the findings

of the present study related to the concept of average on line graphs are presented.
4.2 The Concept of Average on Line Graphs

To examine students’ statistical literacy about the concept of average on line
graphs, two questions were prepared similar to the ones in Section 4.1. Those
questions were the first part of question 2 (Q2a) and question 4 (Q4). In Q2a,
students were requested to calculate the average number of baskets of two players
whose numbers of baskets in the last ten years were given on a line graph. By not
directly asking for the mean, but for the average of the number of baskets, the

interpretation of the concept of average was investigated. On the other hand, Q4
146



was related to the success of a course about which information in the last 5 years
was provided through a brochure. In this question, an outlier, the number of
students in 2015, was provided, but the average in the brochure was calculated by
means of the mean, which is not an appropriate measure of average when there is
an outlier. It was examined whether students critically questioned the average
number of students for the course. Furthermore, asking students the meaning of the
average in the brochure and how the average in the brochure was calculated,

students’ interpretation of the concept of average was investigated.

To determine students’ levels for each question, the modified version of the
framework of Watson and Callingham (2003) was used. The students’ statistical
literacy levels were determined by the overall analysis of each question. In other
words, the students’ statistical literacy levels were determined by taking into
account their definitions and interpretations regarding the concept of average and
their evaluations regarding the claims related to the concept of average in each
question. The distribution of students across six levels for Q2a, and Q4 are

displayed in Table 4.9.

Table 4.9 The distribution of students across the six levels in the framework for

Q2a and Q4

Questions related to the Average on Line Graphs

Levels Question 2a Question 4
48 54
1-2
(29.3%) (32.9%)
3-4
(70.7%) (67.1%)
0 0
5-6
(0.0%) (0.0%)
164 164
Total
(100.0%) (100.0%)

147



Table 4.9 revealed that when students’ definitions, interpretations and evaluations
of the concept of average were analyzed as a whole in Q2a, most of the students
(70.7%) performed at Level 3-4. On the other hand, while 29.3% of the students
were at Level 1-2 in Q2a, there were no students performing at Level 5-6. This was
an expected result for Q2a since it was a question related only to the interpretation
of the concept of average; hence, students were expected to be at either Level 1-2
or Level 3-4. The findings of the study were not different for Q4. To state it
differently, most of the students (67.1%) performed at Level 3-4. The number of
students observed at Level 1-2 was 32.9%. Lastly, Table 4.8 indicates that any
student could reach Level 5-6 in Q4 although it consisted of an evaluation of the

concept of average.

In the following sections, to respond to the sub-question of the present study, the
answers of students at different statistical literacy levels will be explained in detail
for Q2a and Q4 by providing examples from students’ answers. To put it
differently, how seventh grade students at different statistical literacy levels define,
interpret and evaluate the concept of average on line graphs is explained for Q2a

and Q4.

4.2.1 The Concept of Average on Line Graphs in Question 2a

The first question, which was related to the concept of average on line graphs was
the first part of question 2 (Q2a). This question was similar to Q6a. In this
question, students were provided with a double line graph, which displayed the
number of baskets of two basketball players in the final game of the last ten years.
The question requested students to find the average number of baskets of the two
players in the last ten years. By not directly asking students for the computation of
mean, but the average, students’ interpretation of the concept of average was

investigated.
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Students’ statistical literacy levels were determined by an overall analysis of
students’ answers in Q2a and their definition of average in Q1d, the only definition
question related to the average concept in SLT. As revealed in Table 4.9, most of
the students (70.7%) performed at Level 3-4 in Q2a. The percentage was higher
than the that of students performing at Level 3-4 in Q6a. While 29.3% of the
students were performed at Level 1-2, there were no students performing at Level
5-6. This was an expected result for Q2a since it was a question related only to the
interpretation of the concept of average; hence, students were expected to be at
either Level 1-2 or Level 3-4. Therefore, the following sections explain the
definitions made by students in Q1d and their interpretations in Q6a. The findings
are presented for Level 1-2 and Level 3-4 students by providing examples from

students’ answers.

In the modified version of the framework of Watson and Callingham (2003), it was
stated that any idea related to the concept of average are observed by Level 1
students in their definitions and interpretations of the concept of average. On the
other hand, students at Level 2 express some single ideas about the concept of
average, such as normal or the same as others in defining and interpreting the
concept of average. Critical evaluation of the claims related to the concept of
average in a social or scientific context is not an expected skill for Level 1-2
students since they cannot define or interpret the concept at this level. Since Q2a
did not require students to evaluate the average concept, the definitions and

interpretations of Level 1-2 students in Q2a are presented in further sections.

The findings of the present study showed that 12.8% of the students could not
present any idea in defining the concept of average in Q1d or interpreting it in Q2a;
therefore, these students were placed at Level 1. Even though these students tried to
make some interpretations to find the average number of baskets of the two
players, they either read all of the data given to them, such as the student in Figure
4.43, or presented any value from the given data as the average of the players. S63

stated that average number of baskets of Elif, one of the players, was 4 in 2008 and
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2009, 5 in 2012, 6 in 2013, 5 in 2014 and 4 in 2015, 2016 and 2017, that is, the
score of Elif was the same in the years 2008, 2009, 2015, 2016 and 2017 and was
the same in the years 2010, 2011, 2013 and 2014. For the average number of
baskets for Naz, the other player, S63 stated that her score was the same in the
years 2008 and 2011; and her other scores were different. Such a finding was also

obtained in Q6a.
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Figure 4.43 Interpretation of average by a Level 1-2 student in Q2a

However, some single ideas started to be used in defining the concept of average
by 16.5% of the students; hence, these students were placed at Level 2. Most of the
Level 2 students preferred the sum of the given data in their interpretation of the
concept of average in Q2a, just as Level 2 students in Q6a. To state it differently,
these students added all the given values in the given graph to find the average of
the baskets of the two players. Figure 4.44 presents a sample answer. S56 in the
following figure added the 6 and 9 values from the given graph instead of adding
the 10 values given in the graph to find the average of the baskets of the two

players, which implies that students have problems in reading data.
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Figure 4.44 Interpretation of average by a Level 1-2 student in Q2a

On the other hand, the analysis of students’ interpretations of the average concept
in Q2a and their definitions of the average concept in Q1d as a whole indicated that
more than half of the students (70.7%) performed at Level 3-4 in Q2a. According
to the modified version of the framework, students still use single ideas at Level 3
in defining or interpreting the concept of average. However, students begin to use
ideas related to measures of central tendency in either defining or interpreting the
concept of average, especially in questions requiring the interpretation of the
computation of average. Besides, at Level 4, students generally use some ideas
related to measures of central tendency in defining and interpreting the concept of
average. Some ideas related to the representative nature of the average concept also
begin at Level 4 while defining and interpreting it. It was stated in the framework
that although students at Level 4 could compute the mean of a small data set, they
could not compute its weighted mean. Critical questioning of the concept of
average in social or scientific contexts is still not observed at Level 3-4. As
previously stated, the findings of the present study showed that 70.7% of the
students performed at Level 3-4 in Q2a. Tables 4.9 and 4.10 below present the
definitions and interpretations of students whose levels were determined as 3-4 in
Q2a. Since the characteristics observed at Level 3 and Level 4 are specified clearly
in the framework, the levels of students could be determined as Level 3 and Level

4 seperately. More specifically, while 33.5% of the students performed at Level 3
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in Q2a, 37.2% of the students performed at Level 4. The percentages were higher
when compared to the number of students who performed at Level 3 and Level 4 in
Qo6a. The definitions and interpretations of the students who were determined to be
at Level 3 and Level 4 are presented in different tables below. Moreover, since
critical questioning of the concept of average was not an expected skill in Q2a, the

tables do not include an evaluation part.

Table 4.10 The distribution of Level 3 students in terms of their definition and

interpretation of the concept of average in Q1d and Q2a, respectively

Definition of average

Interpretation regarding the

computation of average

Ideas related to measures of

Ideas related to measures of central

central tendency tendency
-Mean: 8 - Mean: 38
(4.9%) (22.8%)
-Median: 4 -Median: 4
(2.4%) (2.4%)
-Mode: 0 -Mode: 4
(0.0%) (2.4%)
Ideas related to the sum of the Ideas related to the sum of the
given data given data
Students 0 0
at Level (0.0%) (0.0%)
3 Single Ideas Single Ideas
15 0
(9.1%) (0.0%)
Irrelevant Responses Irrelevant Responses
3 0
(1.8%) (0.0%)
No Answer No Answer
25 3
(15.2%) (1.8%)
55 55
Total (33.5%) (33.5%)
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Table 4.10 indicated that 55 students (33.5%) performed at Level 3 in Q2a. When
the definitions of Level 3 students were examined, it was observed that 15.2% of
the students could not present any definition related to the concept of average in
Q1d. While 9.1% of the students used some single ideas in defining the concept of
average, 7.3% of the students used ideas related to measures of central tendency in
defining the average concept. There were also 3 students (1.8%) who provided
some irrelevant responses while defining the average in Qld. As can be
remembered, Q2a, related to the interpretation of the concept of average, asked for
the average number of baskets of the two basketball players. Table 4.10 shows that
most of the the students who performed at Level 3 (25.2%) interpreted the
computation of the average in Q2a by using ideas related to the measure of central
tendency. The most preferred idea observed (22.8%) was the mean, the percentage
of which was higher when compared to the other questions. As in Q6a, there were
10 students (6.1%) who found the sum of the given data as the average. Three
students (1.8%) provided an irrelevant response in interpreting the computation of
the concept of average, but these students were placed at Level 3 in Q2a because
they used some ideas related to the measure of central tendency in defining the

concept of average in Q1d.

It was realized that in Q2a, as previously mentioned, although 15.2% of Level 3
students could not define the concept of average in Qld and 9.1% of them
presented some single ideas in defining it, most of them (22.8%) could compute the
average number of baskets of the two players with ideas related to measures of
central tendency, particularly by means of the mean. For example, S90 in Figure
4.45 could not define the average in Q1d, but she could find the mean number of

baskets correctly for both players.
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Figure 4.45 Interpretation of average by a Level 3-4 student in Q2a

Interestingly, it was noticed that even though students whose statistical literacy
levels were determined as Level 3 in Q2a defined the concept of average by using
ideas related to measures of central tendency in Q1d, they could use the sum of the
given data to find the average number of baskets of the two players as in Q6a. For
instance, S118 in Figure 4.46 defines the average in Q1d as the mean of the given
data set; however, as can be examined in the figure, he found the sum of the
number of baskets of the two players to find the average number of baskets. This

student also seemed to experience difficulties in reading data as S56 in Figure 4.44.

Figure 4.46 Interpretation of average by a Level 3-4 student in Q2a

On the other hand, the overall analysis of students’ answers in Q2a and their

definitions of average in Q1d revealed that 61 students (37.2%) could reach Level
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4 in Q2a. The number of students performing at Level 4 in Q2a was the same as the
number of students performing at Level 4 in Q6a. Different from the students
whose statistical literacy levels were determined as Level 3, students whose levels
were determined as Level 4 used ideas related to measures of central tendency in
both defining and interpreting the concept of average in Q1d and Q2a, respectively.
Table 4.11 below presents Level 4 students’ definitions and interpretations of the

concept of average in Q1d and Q2a, respectively.

Table 4.11 The distribution of Level 4 students in terms of their definitions and

interpretations of the concept of average in Q1d and Q2a, respectively

Interpretations regarding the
Definitions of average
computation of average

Ideas related to representativeness Ideas related to representativeness

4 0
(2.4%) (0.0%)
Ideas related to measures of Ideas related to measures of central
central tendency tendency
Students -Mean: 44 -Mean: 59
(26.8%) (36.0%)
at Level -Median: 6 -Median: 2
4 (3.6%) (1.2%)
-Mode: 3 -Mode: 0
(1.8%) (0.0%)
Multiple definitions Multiple interpretations
0 0
(0.0%) (0.0%)
61 61
Total
o (37.2%) (37.2%)

Table 4.11 revealed that 53 students out of 61 (32.2%) used ideas related to
measures of central tendency in defining the concept of average in Q1d. The mean
was the most preferred measure in defining the concept of average. While 4

students (2.4%) presented some ideas related to the representative nature of the
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average in defining the average in Q1d, 2.4% of the students used more than one
idea in defining the concept of average. Similarly, ideas related to three measures
of central tendency were the most frequent answers among Level 4 students in
interpreting the computation of the average in Q2a. Similar to the definition
question, the mean was the most preferred idea in interpreting the average concept
with 36.0% in Q2a. Only 2 students (1.2%) used the idea of the median in finding
the average number of baskets of the two players. Since the ideas that emerged in
the responses of Level 4 students while defining and interpreting the concept of
average in Qld and Q2a, respectively, were previously supported with many
examples (see Figure 4.14, Figure 4.17 and Figure 4.45), the following sections do
not present Level 4 students’ definitions and interpretations for Q2a once more.
However, it was realized that, as indicated in Table 4.10, almost no ideas other than
the mean was encountered among the responses provided by Level 4 students in
Q2a, just as in Q6a. To state it differently, when there is a need to calculate the

average, the only idea that Level 4 students put forward was the mean algorithm.

4.2.2 The Concept of Average on Line Graphs in Question 4

In Question 4 (Q4), the students were provided with a brochure regarding the
average number of students in a course. In the question, the number of students
who got the maximum point in a foreign language exam in the last 5 years was
presented on a line graph, and the average was calculated as 42 by using the mean
algorithm. However, the number of students receiving the maximum point in the
foreign language exam in 2015 was much higher than it was in the other years. To
state it differently, there was an outlier in the given data and students were
expected to realize this outlier. Q4 included three sub-questions. In the first sub-
question, Q4a, students were asked what they understood from the given average in
the brochure. In this way, their interpretation of the concept of average in the given
context was examined. In the second sub-question, Q4b, students’ interpretation of

the concept of average was investigated once more with a different question. Q4b
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asked students how the average in the brochure was calculated. On the other hand,
the third sub-question, Q4c, was about students’ evaluations of the claim in the
article, the average number of students. The students were asked the question of
whether or not they would give up their current course in which the average
number of students getting the maximum point in a year was 30 by taking into

account the graph and the average number of students in the brochure.

The students’ statistical literacy levels were determined by an overall analysis of
the students’ answers in three sub-questions in Q4 and their definitions of average
in Q1d. As indicated in Table 4.9, most of the students (67.1%) performed at Level
3-4 in Q4. 32.9% of the students were at Level 1-2, but there were no students
performing at Level 5-6 although Q4c required students to evaluate the average in
the brochure. Since the frequencies of the definitions of average made by the
students at Level 1-2 and Level 3-4 were almost the same as those reported in the
previous section, the following sections explain the interpretations of students
related to the concept of average in Q4a and Q4b and their evaluations of the claim
related to the given average in the brochure in Q4c. The findings are presented for
Level 1-2 and Level 3-4 by providing examples from students’ answers.
Furthermore, this question was very similar to QI in Section 4.1.1. The only
difference was that the data were displayed on a line graph in Q4; therefore, the

findings are presented in line with the findings of Q1.

The findings of the present study showed that 32.9% of the student performed at
Level 1-2 in Q4. The percentage was higher when compared to that of students at
Level 1-2 in Q1. When the students’ answers to the interpretation questions in Q4
were examined, it was observed that some of them either did not interpret the
average concept in the brochure or presented some irrelevant responses. For
example, S60 in Figure 4.47 answered the interpretation question related to the
computation of average in Q4b as the maximum number of students. S60
interpreted the meaning of average in Q4a as the maximum number in the given

data; however, she did not mention any idea regarding the calculation of the
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average in Q4b.

b) Sizce brogirde belirtilen ortalama &grenci sayisi nasil hesaplanmistir? Cevabi
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Figure 4.47 Interpretation of average by a Level 1-2 student in Q4b

It was observed that some of the students interpreted the meaning of the concept of
average in Q4a by using the same single ideas that they have used in their
interpretation of the concept in Qla; thus, these students were placed at Level 2 in
Q4. As in Q1, the word about was the most preferred (5.0%) single idea. However,
it was noticed that the students could not show the same performance in the
interpretation question regarding the computation of average in Q4b. It was found
that most of the students at Level 2 could answer the question but they presented
some irrelevant responses as the student in Figure 4.48. S58 in Figure 4.48
interpreted the meaning of average in Q4a by explaining that the number of
successful students in the last 5 years was about 42; therefore, this student was
placed at Level 2. However, as can be seen in Figure 4.48, she could not interpret
the computation of the average in the given brochure in Q4b; instead, she
responded to the question with another question: “Can it be according to the

average of success?”

The same finding as the above one was also obtained in QI. Hence, it can be
concluded that even though students could define or interpret the meaning of the
concept of average in a given context, they seemed to possess some difficulties in

interpreting the computation of the average concept.
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Figure 4.48 Interpretations of average by a Level 1-2 student in Q4a and Q4b

The findings of the present study indicated that none of the students whose
statistical literacy levels were determined as Level 1-2 could evaluate the given
average in the brochure critically in Q4c. As can be remembered, Q4c required
students to evaluate the given average with the question asking whether or not
students would give up their current course where the average number of students
receiving the maximum point in a year was 30. It was noticed that while 6.7% of
the Level 1-2 students directly accepted the average number of students in the
brochure, some of them presented idiosyncratic responses to justify their decisions
in Q4c. For example, S58 in Figure 4.49 decided to give up her current course with
the justification that the education of the course mentioned in the brochure was
better as there were 42 students in a year in course mentioned in the brochure,
while her course had 30 students in a year. As can easily be understood from the
answer of S58, these students did not show any signs of doubt about the given

average number in the brochure.

159



Figure 4.49 Evaluation of average by a Level 1-2 student in Q4c

Figure 4.50 below shows the idiosyncratic response of S24 in Q4c. S24 did not
consider giving up his current course since he stated that he did not like foreign
language. As S24, 17.6% of the students tried to evaluate the news but did not

focus on the critical features given in the brochure.

Figure 4.50 Evaluation of average by a Level 1-2 student in Q4c

Different from the students in Figure 4.49 and Figure 4.50, some students whose
levels were determined as Level 1-2 in Q4 made their evaluations focusing on only
single or some values in the given data. They did evaluate the given brochure in

Q4c, but did not question the average in the brochure and did not take into account
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the effect of all the data in the reported average. For instance, S72 in Figure 4.51
gave his response as 102 students in the year 2015 by concentrating solely on the
outlier in the given data. He decided to attend the course mentioned in the brochure
because 102 students got maximum points in that course. It was concluded that
these students could actually realize the outlier in the given data; however, they did

not consider its effect on the average number of students.

¢) Su anki kursunuzda yilda ortalama 30 6grencinin en ylksek puani alqlélnl
biliyorsunuz. Her iki kurstan da belirtilen yillarda esit sayida 6grencinin sinava
katildigini biliyorsaniz, brosiiri géz énline alarak simdiki kursunuzdan ayrilip bu
kursa kayit olmayi diigiinir mustniiz?
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Figure 4.51 Evaluation of average by a Level 1-2 student in Q4c

On the other hand, the overall analysis of students’ interpretations and evaluations
of the concept of average in Q4 and their definitions of the concept of average in
Q1d indicated that more than half of the students (67.1%) performed at Level 3-4
in Q4. Since the characteristics observed at Level 3 and Level 4 were clearly
specified in the framework, the levels of students could be determined as Level 3
and Level 4 separately in Q4. More specifically, while 21.6% of the students
performed at Level 3 in Q4, 45.1% of the students performed at Level 4. As
aforementioned, the frequencies of the definitions made by Level 3 and Level 4
students of the concept of average were almost the same as those in Q2a.
Moreover, as stated in the framework, critical questioning of the average concept
was still not observed at Level 3 and Level 4. It was revealed in the current study

that Level 3-4 students made their evaluations related to the concept of average in
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the brochure in Q4c just as the students at Level 1-2 in Q4. Thus, the following
tables display only interpretations of students whose statistical literacy levels were
determined as Level 3 and Level 4 in Q4 regarding the meaning of the average

concept in Q4a and the computation of the average in the given brochure in Q4b.

Table 4.12 The distribution of Level 3 students in terms of their interpretations of

the meaning of the average concept in Q4a and its computation in Q4b

Interpretation Interpretation regarding the

regarding the meaning of average computation of average

Ideas related to measures of central Ideas related to measures of

tendency central tendency
-Mean: 1 - Mean: 22
(0.6%) (13.2%)
-Median: 0 -Median: 0
(0.0%) (0.0%)
-Mode: 1 -Mode: 0
(0.6%) (0.0%)
Single Ideas .
Students 9 Single IdeOas
at Level (5.4%) (5.4%)
3 Multiple interpretations Multiple interpretations
2 0
(1.2%) (1.2%)
Irrelevant Responses Irrelevant Responses
23 9
(13.8%) (5.4%)
No Answer No Answer
5 5
(3.0%) (3.0%)
36 36
Total (21.6%) (21.6%)

Table 4.12 indicated that 36 students (21.6%) performed at Level 3 in Q4. As can

be remembered, there were two questions related to the interpretation of the
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concept of average in Q4. While Q4a was related to the interpretation of the
meaning of the given average in the brochure, Q4b was related to the interpretation
of the computation of the average in the brochure. Table 4.12 shows that most
students (13.8%) at Level 3 in Q4a interpreted the meaning of the average concept
in the given brochure by providing some irrelevant responses. The percentage is
higher when compared to Q1, which can be an indication of the role of context.
While 5.4% of the students presented some single ideas in interpreting the meaning
of the average concept in Q4a, 1.2% of the students interpreted the concept of
average by using ideas related to three measures of central tendency. There were
also 2 students who provided multiple interpretations regarding the meaning of the
average concept in Q4a. On the other hand, most students who performed at Level
3 (13.2%) interpreted the computation of the average in the given brochure by
using ideas related to the measure of central tendency, but the sole idea observed
was the mean, just as in Q1. While 9 (5.4%) students presented some irrelevant
responses in interpreting the computation of the average in the given news in Q4b,

3.0% of the students could not provide any answer at all.

It was realized that although most students at Level 3 continued to use single ideas
or presented irrelevant responses in interpreting the meaning of the average concept
in Q4a, they stated that the average in the brochure was calculated through the
mean of the given data; therefore, these students were placed at Level 3.
Furthermore, it was observed that some of them applied the algorithm correctly and
reached the average in the brochure. For example, S132 in Figure 4.52 stated
almost the same wording in the brochure to interpret the meaning of the average
concept in Q4a: the average number of students in 2013, 2014, 2015, 2016 and
2017. However, S132 interpreted the computation of the average as the mean of the
given data set and he could correctly apply the mean algorithm as can be seen in

Figure 4.52.

163



Figure 4.52 Interpretations of average by a Level 3-4 student in Q4a and Q4b

respectively

Moreover, as observed in Q1, some students whose statistical literacy levels were
determined as Level 3 interpreted the meaning of the average as the sum of the
given data set. However, they did not find the sum of the given values to calculate
the average in Q4b but they used the mean algorithm to reach the average number
of students. Figure 4.53 shows a sample answer. Although S61 interpreted the
meaning of the average concept in Q4a as the sum of the students in all the years,
she could correctly reach the average number of students in Q4b by using the mean

algorithm.

Figure 4.53 Interpretations of average by a Level 3-4 student in Q4a and Q4b
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On the other hand, the overall analysis of the students’ answers to the three sub-
questions in Q4 and their definitions of average in Q1d revealed that 74 students
(45.1%) performed at Level 4 in Q4. The percentage was almost the same as that of
Level 4 students in Q1. Different from the students whose statistical literacy levels
were determined as Level 3, students whose levels were determined as Level 4
used ideas related to measures of central tendency in at least two of the four parts
examined for Q4. For instance, S5 in Figure 4.54 gave the signals of the mean in
both interpretation questions in Q4. She interpreted the meaning of the concept of
average in Q4a as the division of the sum of the years 2013, 2014, 2015, 2016 and
2017 by 5. In Q4b, she stated that the average in the given brochure was calculated
by means of the mean; she divided the total number of students by the total number
of years and obtained 42. However, S5 could not define the concept of average in

Q1d; hence, the statistical literacy level of this student was determined as Level 4.

i

Figure 4.54 Interpretations of average by a Level 3-4 student in Q4a and Q4b

Table 4.13 below presents the interpretations of the concept of average of Level 4

students in Q4a and Q4b.
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Table 4.13 The distributions of Level 4 students in Q4 in terms of their

interpretations in Q4a and Q4b

Interpretation Interpretation regarding the

regarding the meaning of average computation of average

Ideas related to representativeness  Ideas related to

1 representativeness
(0.6%) 1
(0.6%)
Ideas related to measures of central ~ Ideas related to measures of
tendency central tendency
-Mean: 37 -Mean: 72
(22.6%) (43.9%)
-Median: 5 -Median: 0
(3.0%) (0.0%)
-Mode: 9 -Mode: 0
(5.4%) (0.0%)
Students
Multiple interpretations Multiple interpretations
at Level 0 0
4 (0.0%) (0.0%)
Single Ideas Single Ideas
4 4
(2.4%) (2.4%)
Irrelevant Responses Irrelevant Responses
16 2
(9.8%) (1.2%)
No Answer No Answer
1 1
(0.6%) (0.6%)
Total 74 74
ota (45.1%) (45.1%)

Table 4.13 revealed that ideas related to the three measures of central tendency
were the most frequent answers among Level 4 students in interpreting the
meaning of the average in the given brochure in Q4a. Similar to Q1, the mean was

the most preferred idea (22.6%) in interpreting the meaning of the concept of
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average. It was realized that 9.8% of the students provided some irrelevant
responses to exhibit their interpretation in Q4a. There were no Level 4 students in
Q1 interpreting the meaning of the average concept through irrelevant responses.
This reveals once more that students experienced more difficulties in the context of
Q4. Moreover, 4 students (2.4%) presented some single ideas in interpreting the
meaning of the average concept in Q4a. There was one student who presented
some ideas related to the representative nature of the average concept, provided
multiple interpretations, and could not interpret the meaning of the average concept
in the given brochure. Lastly, when the students’ answers were analyzed in the
interpretation question related to the computation of the average concept in the
given brochure, it was noticed that students once again chose ideas related to three
measures of central tendency. However, almost no other measure than the mean
was encountered in the students’ responses of interpreting the calculation of the
average concept in Q4b. 43.9% of the students used the idea of the mean when
interpreting the calculation of the average concept. The remaining 2 students
(1.2%) presented some irrelevant responses in interpreting the computation of the
average in Q4b. Since the ideas that emerged among the responses of Level 4
students in interpreting the concept of average in Q4a and Q4b were supported with
many examples previously, (see Figure 4.54, Figure 4.20 and Figure 4.23), the
following sections do not present interpretations of the students whose statistical
literacy levels were determined as Level 4 in Q4 once more. Nevertheless, as
observed in QI, it was noticed that although some students mentioned other
measures of central tendency in the interpretation question asking for the meaning
of the average in the brochure in Q4a, they did not use this understanding in the
interpretation question regarding the computation of the average. In the question
requiring the interpretation of the computation of the given average, they stated that
the average was calculated through the mean. For example, S112 in Figure 4.55
stated that for him average means the middle of all, but he did not find the average
by searching for the middle value. Instead, he stated that to find the average, he

needed to add all the numbers and divide the sum by the number of years there
167



WCEre.

' a) Brosiirde gegen ortalama kelimesinden nf(anllyorsunuz?

¥ a s
Heps)m" i ;

AN

A

Figure 4.55 Interpretations of average by a Level 3-4 student in Q4a and Q4b

Table 4.14 in below summarizes the findings related to the concept of average on
line graphs. The findings of the present study revealed that in general, the students’
statistical literacy levels in the questions related to the concept of average on line
graphs were determined as Level 3-4. There were no students reaching Level 5-6 in
the line graph questions related to the average. To put it differently, while students
could interpret the average concept on line graphs, not all of them could critically
evaluate the presented average in the questions. Lastly, the mean was the most
preferred measure of central tendency in interpreting the concept of average on line
graphs as students used it frequently in interpreting the average concept on bar

graphs.

In this section, findings related to the average concepts on bar and line graphs were
presented. The other concept that this study focused was variation. In other words,
the current study analyzed statistical literacy of seventh grade students about the
concept of variation on bar and line graphs related to the data obtained from social
or scientific contexts. Hence, the next two sections dwell on the findings of the

current study related to the variation concept on line and bar graphs, respectively.
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Table 4.14 The distribution of students across the six levels in the framework in

the questions related to concept of average on line graphs

The Concept of Average on Line Statistical Literacy Level
Graphs
Level 1-2 Level 3-4 Level 5-6
Question Skill Focus

48 116 0

Q2 Interpretation ~ Calculation (29.3%) (70.7%) (0.0%)
04 Interpretation Med 54 110 0
edian 0

Evaluation (32.9%) (67.1%) (0.0%)

4.3 The Concept of Variation on Line Graphs

One of the purposes of the study was to analyze students’ statistical literacy
regarding the concept of variation on line graphs. Three questions, namely the
second part of question 2 (Q2b), question 3 (Q3) and question 7 (Q7) were
prepared with this aim. Q2 was related to the selection of a basketball player for the
final game of the year. In this question, the students were provided with the number
of baskets of two players in the final games of the last ten years on a line graph.
While there was a high variation in the scores of one of the players, the others’
scores were more consistent. However, the average scores of the players were
almost the same. Of the two basketball players, the trainer of the players chose the
one with varying scores. The students were requested to evaluate the decision of
the trainer. By means of this question, whether or not students could critically
evaluate the variation in the scores of the players was measured. On the other hand,
Q3 aimed to measure students’ interpretation of the variation concept. In this
question, the students were provided with information regarding the average
temperature of Ankara in the month of April, and they were requested to draw a
line graph. In this way, students’ interpretations of variation with a given average

were examined. Furthermore, the aim of requesting the definition of range in Q3
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was to examine students’ knowledge related to the definition of variation. Lastly,
students’ ability to critically evaluate the variation concept, different from the
comparison situation in Q2b, was examined through Q7. Q7 presented students the
decision of the chamber of drivers about the speed of a service vehicle, the speed of
which varied considerably. Whether or not students could critically evaluate the

variation in the speed of the service was looked into.

To determine the levels of students for each question, the adapted and modified
version of the framework of Watson and Callingham (2003) was used similar to the
questions related to the the concept of average. In other words, the statistical
literacy levels of students were determined by taking into consideration their
definitions of range, and their interpretations and evaluations regarding the concept
of variation in each question. The distribution of the students across six levels for

Q2b, Q3 and Q7 are displayed in Table 4.15 below.

Table 4.15 The distribution of students across the six levels in the framework for

Q2, Q3 and Q7

Questions related to Variation on Line Graphs

Levels Question 2b Question 3 Question 7
o 44 119 136
(26.8%) (72.5%) (71.0%)
97 45 26
3-4
(59.1%) (27.4%) (27.9%)
23 0 2
5-6
(14.0%) (0.0%) (1.2%)
164 164 164
Total
(100.0%) (100.0%) (100.0%)

As presented in Table 4.15, when the students’ definitions, interpretations and

evaluations of the variation concept were analyzed as a whole in Q2b, it was
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revealed that most of the students (59.1%) performed at Level 3-4. On the other
hand, while 26.8% of the students were at Level 1-2 in Q2b, only 14.0% of the
students performed at Level 5-6. As indicated in Table 4.15, in Q3, 72.5% of the
students were found to be at Level 1-2. The remaining 27.4% of the students
performed at Level 3-4, and there were no students performing at Level 5-6. This
was an expected result for Q3 since it was a question related solely to the
interpretation of the variation concept; hence, the students were expected to be at
either Level 1-2 or Level 3-4. The findings were not different for Q7. To put it
differently, it was found that most students (71.0%) performed at Level 1-2. While
27.9% of the students performed at Level 3-4, only 2 students (1.2%) were found to
be at Level 5-6 in Q7.

To respond to the sub-question of the research question in the present study, the
following sections present detailed explanations on the answers of the students at
different statistical literacy levels for Q2b, Q3 and Q7 by providing examples from
students’ answers. In other words, how seventh grade students at different
statistical literacy levels define, interpret and evaluate the variation concept on line

graphs is explained for Q2b, Q3 and Q7.

4.3.1 The Concept of Variation on Line Graphs in Question 2b

Q2 was related to the selection of a basketball player for the final game of the year.
In the question, the trainer of the basketball players needed to make a decision
between the two players whose number of baskets in the final games of the last ten
years were displayed on a double line graph. Although the average number of
baskets of each of the two players was almost same, the variation in the number of
baskets of the two players was different. While there was a wide variation among
the scores of one of the players, Naz, the scores of the other player, Elif, remained
more consistent throughout the ten years. As previously mentioned in Section
4.2.1, in the first part of Q2 (Q2a), students were requested to find the average

number of baskets for the two players. On the other hand, in the second part of Q2
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(Q2b), the students were given the information that the trainer decided to select
Naz, who was the player with a wide variation in scores. The students were asked
to evaluate the decision of the trainer. In this way, whether or not the students
could critically evaluate the variation in the scores of the two players after they

realized that their average scores were the same was examined.

The statistical literacy levels of the students were determined by an overall analysis
of the students’ evaluations of variation in Q2b and their definitions of range in Q3
since there was no question related to the definition of variation in Q2. However, in
the analysis, it was noticed that even though some students could not define the
concept of range in Q3, they could evaluate the variation in the scores of the
players in Q2b. For example, S79 in Figure 4.56 could not present any definition
for the concept of range. However, she could evaluate the variation in the scores of
the two players stating that while the scores of Elif were almost the same in each
year, there was a fluctuation in the scores of Naz in every year. Therefore, to
determine statistical literacy levels of students in this question, the students’
definitions of range in Q3 were not taken into consideration; only their evaluations
related to the concept of variation were taken into account in Q2b. However, the
frequencies of students who could define and could not define the concept of range
were determined for each level. As presented in Table 4.15, the study revealed that
most students (59.1%) performed at Level 3-4 in Q2b. While 26.8% of the students
performed at Level 1-2, 14.0% of the students performed at Level 5-6 in Q2b. The
sections that follow explain the students’ evaluations related to the concept of
variation in Q2b. The findings are presented for Level 1-2, Level 3-4 and Level 5-6
students by providing examples from students’ answers. Moreover, the number of
students who could and could not define the concept of range at each level is

presented at the end of each level.
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Figure 4.56 Evaluation of variation by a Level 5-6 student in Q2b

As can be observed in Table 4.15, 26.8% of the students performed at Level 1-2 in
Q2b. In the modified version of the framework of Watson and Callingham (2003),
it was stated that critical evaluation of the variation concept in a comparison
situation was not an expected skill for Level 1-2 students. It was stated that while
students depend on idiosyncratic beliefs in making comparisons at Level 1,
students at Level 2 make their comparisons concentrating on only a single value in
the given data sets. Since the characteristics observed at Level 1 and Level 2 are
specified clearly in the framework, the levels of students could be determined as
Level 1 and Level 2 separately. More specifically, while 12.8% of the students
performed at Level 1 in Q2b, 14.0 % of the students performed at Level 2. In the
following sections, initially, evaluations of variation made by Level 1 and Level 2
students in Q2b are presented by providing examples from students’ answers.
Subsequently, the number of Level 1-2 students who could and could not define the

concept of range in Q3 is provided.

The findings of the present study revealed that 12.8% of the students either could
not answer Q2b or provided some idiosyncratic responses. Therefore, these
students were placed at Level 1. For example, S48 in Figure 4.57 agreed with the
decision of the trainer. S48 stated that Naz was successful, smart and she made use
of tactics in the game. She also mentioned some personality traits of Naz. This
student evaluated the decision somehow, but her focus was not on the given data
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but on the personal traits of the player.

Figure 4.57 Evaluation of variation by a Level 1-2 student in Q2b

Moreover, it was observed that 14.0 % of the students used some single values
when comparing the scores of the players; therefore, they were placed at Level 2.
Figure 4.58 displays the answer of such a student. S16 in the below figure stated
that while the minimum score of Elif was 4, the minimum score of Naz could be 1.
Thus, he did not agree with the decision of the trainer. To state it differently, when
making their decisions, these students did not concentrate on all the data, but only

some specific values in the given data.

Figure 4.58 Evaluation of variation by a Level 1-2 student in Q2b

Surprisingly, S16 in Figure 4.58 above interpreted the average as the mean of the
data in Q2a. In other words, he computed the mean scores of each player in Q2a.

Because the total score he found for Naz was wrong, the mean score of Elif turned
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out to be greater than mean score of Naz. However, he did not use this information
in making his evaluation. Instead, he concentrated on some values in the given
data. It was realized that 13 of 23 (7.9%) students at Level 2 could calculate an

average value in Q2a, but did not use that value in making their evaluations.

Besides, when Level 1 and Level 2 students’ definitions of range were examined in
Q3, it was observed that most students could not define the concept of range or
presented some irrelevant responses: 9.1% and 11.6% of Level 1 and Level 2
students, respectively. Only 3 students at Level 1-2 could define the range as the
difference between the maximum and minimum value in a data set. It was also
realized that a few students presented some ideas regarding the difference, but
could not present a complete definition. For example, the student in Figure 4.59
explained the range as the difference between one number and another and showed
the gap between the numbers 10 and 99 as the range; however, she did not explain
which numbers the difference should be applied to. Whether those numbers were in

the data set or not was also left unexplained by the student.

c) Matematikte kullandiginiz “agiklik” kelimesini tanimlayiniz. Taniminiza uygun bir érnek veriniz.
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Figure 4.59 Definition of range by a Level 1-2 student in Q3

On the other hand, the analysis of students’ evaluations of the variation concept in
Q2b indicated that more than half of the students (59.1%) performed at Level 3-4
in Q2b. As aforementioned, in Q2b, only the evaluations of variations made by the
students were taken into account to determine their statistical literacy levels since it
was observed that although the students could evaluate the variation in the scores

of the players, they could not define the range concept in Q3. In the modified
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version of the framework of Watson and Callingham (2003), it was stated that
instead of only depending on single values in their comparisons, they make their
comparisons by concentrating on more than one value in the given data sets at
Level 3. However, at Level 4, students use numerical strategies to compare two
data sets. To state it differently, they make their comparisons by either computing
the sum or a measure of central tendency of the two data sets. Since the
characteristics observed at Level 3 and Level 4 are specified clearly in the
framework, the levels of the students could be determined as Level 3 and Level 4
separately; however, it was observed that none of the students performed at Level
3. More specifically, 59.1% of the students used a numerical strategy to compare
the scores of the two players. It was realized that these students did not consider the
variation in the scores of the players. While 37.8% of the students used the mean of
the scores of the players to evaluate the decision of the trainer, 18.9% of the players
used the sum of the scores in making their comparisons. There were also a few
students calculating the median or mode of the given data sets and used them in
their comparisons. In the sections that follow, first of all, variation evaluations of
Level 4 students in Q2b are presented by providing examples from students’
answers. Subsequently, the number of Level 4 students who could and could not

define the concept of range in Q3 is provided.

As it was stated, 59.1% of the students’ levels were determined as Level 4 since
they used a numerical strategy to compare the two data sets. To state it differently,
to evaluate the decision of the trainer, most students used the average score of the
two players that they had computed in Q2a. For example, S74 in Figure 4.60
calculated the mean score of each player correctly in Q2a and found the scores of
4.7 and 4.6 for the players Naz and Elif, respectively. Furthermore, S74 stated that
the score of Naz was greater when the sum of the data was divided by the number
of data. It can be concluded that even a 0.1 difference in the mean scores was very

important for this student.
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Figure 4.60 Evaluation of variation by a Level 3-4 student in Q2b

Moreover, it was observed that some Level 4 students in Q2b computed the mean
scores of the two players, but found them equal because of calculation errors.
However, these students, such as S154 in Figure 4.61, stated that they did not agree
with the decision of the trainer since the mean scores of the two players were equal;

they did not mention any further idea regarding which players to select.

Figure 4.61 Evaluation of variation by a Level 3-4 student in Q2b

Besides, as mentioned previously, about 20.0% of the students whose statistical
literacy levels were determined as Level 4 used the sum of the players in making
their decision. Interestingly, it was realized that although some students calculated
the mean scores of the two players in Q2a, which asked for the average of the two
players, they calculated the sum of the players again to compare the players. To
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state it differently, they did not use the mean that they had calculated in Q2a.

When the definitions of range made by the students whose statistical literacy levels
were determined as Level 4 in Q2b were examined, it was observed that more
students (19.5%) could define the concept of range when compared to the number
of students whose statistical literacy levels were determined as Level 1 and Level
2. However, there were still 47 students (28.7%) who could not provide any
definition of range. Furthermore, 6.1% of the students stated that range is a concept

related to the difference, but could not provide a complete definition.

Lastly, the analysis of students’ evaluations of the variation concept in Q2b
indicated that 14.0% of the students performed at Level 5-6. In the framework, it is
stated that a critical evaluation of the variation concept in a situation of comparison
was an expected skill for Level 5-6 students. It is stated that while students make
their comparisons using visual strategies including the variation concept at Level 5,
at Level 6, they use numerical strategies and visual strategies including the
variation concept together to make their comparisons. Since the characteristics
observed at Level 5 and Level 6 were specified clearly in the framework, the levels
of the students could be determined as Level 5 and Level 6 separately. More
specifically, while 12.1% of the students performed at Level 5, only 3 students
(1.8%) performed at Level 6 in Q2b. In the following sections, firstly, evaluations
of variation made by students whose statistical literacy levels were determined as
Level 5 and Level 6 in Q2b are presented by providing examples from students’
answers. Then the frequencies of Level 5-6 students who could and could not

define the concept of range in Q3 will be provided.

The findings of the present study indicated that 12.1% of the students only used
some visual strategies, implying appreciation of variation in the scores of the
players to make their decision related to the decision of the trainer. Therefore, these
students were placed at Level 5. For instance, S79 in Figure 4.62 stated that she did

not agree with the decision of the trainer since while the scores of Elif were almost
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the same in each year, the scores of Naz fluctuated in every year. Even though S79
did not use the exact word of variation, it was clear that she realized that there was
a higher variation in the scores of Naz than there was in the scores of Elif by
examining scores of the two players in the given graph. Furthermore, it was
observed that even though S79 had computed average score of the two players in
Q2a, she did not make use of those averages in making her comparison but only
depended on the variation in the scores of the players. It was observed that 19 of 23

Level 5 students (11.7%) did not use the averages that they had calculated in Q2a.
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Figure 4.62 Evaluation of variation by a Level 5-6 student in Q2b

On the other hand, only 3 students (1.8%) used both a numerical strategy and a
visual strategy, implying the appreciation of variation in the scores of the players,
to make their comparisons in Q2b. Thus, these students were placed at Level 6. For
example, S84 in Figure 4.63 calculated the mean scores of the two players in Q2a,
and in the evaluation of the decision of the trainer in Q2b, S84 stated that although
the average of Naz’s scores was greater than that of Elif’s, there were some

dramatic drops in Naz’s scores; therefore, to prefer Elif was more reliable.
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Figure 4.63 Interpretation of average and evaluation of variation by a Level 5-6

student in Q2a and Q2b, respectively

Likewise, S45 in Figure 4.64, whose statistical literacy level was determined as
Level 6, calculated the sum of the scores of the two players, but she found the sum
of Elif’s scores to be more than the sum of Naz’s scores in Q2a, which asked for
the average of the two players. In the evaluation of the decision of the trainer in
Q2b, S45 stated that the score of Elif was higher than that of Naz; moreover,
considering the graph, it can be observed that there are fluctuations in the scores of
Naz. She continued stating that Naz had high scores in one year, while she had low
scores in another year, but no difference was observed among the scores of Elif. To
state it differently, S45 tried to explain that while the scores of Elif was consistent,
the scores of Naz was inconsistent, which implies that she took into consideration
the variation in the scores of the two players. Furthermore, since she expressed that
Elif’s score was higher than that of Naz, she also used a numerical strategy to make

her comparison.
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Figure 4.64 Interpretation of average and evaluation of variation by a Level 5-6

student in Q2a and Q2b, respectively

Moreover, when the definitions of range made by students whose statistical literacy
levels were determined as Level 5-6 in Q2b were analyzed, similar results were
obtained from the responses of Level 1-2 and Level 3-4 students. It was observed
that 9 of 23 (5.4%) Level 5-6 students could not present any definition. Only 2
students (1.2%) among 23 students whose statistical literacy levels were
determined as Level 5-6 could define the concept of range as the difference

between the maximum and minimum value in a data set.

4.3.2 The Concept of Variation on Line Graphs in Question 3

Question 3 (Q3) was another question which was asked to investigate the statistical
literacy of students related to the variation concept. In the first part of Q3 (Q3a),

the students were provided with information regarding the average temperature of
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Ankara in the month of April, and they were requested to draw a line graph which
reflected the given average temperature. In the second part of Q3 (Q3b), the
students were asked to interpret their graph by taking into account the given
average temperature. In this way, students’ interpretation of the variation concept
to a given average could be analyzed. The last part of Q3 (Q3c) requested students
to define the concept of range, which is a measure related to the concept of
variation. In other words, the definition of the variation concept was examined

indirectly by asking the definition of range.

The statistical literacy levels of the students were determined by an overall analysis
of the graph which the students had drawn in Q3a, their interpretations in Q3b and
their definitions of range in Q3c. However, in the analysis, it was noticed that even
though some students could not define the concept of range in Q3c, they could
present a graph that reflected an appropriate variation as in Q2b above. For
example, S74 in Figure 4.65 could not present any definition for the concept of
range; however, as can be examined in the figure, she reflected the appropriate
variation through her graph: Her graph included temperatures between 4 and 30°C.
S74 stated that to construct her graph, she computed the average of each of the two
data as 17 'C. Thus, to determine statistical literacy levels of students in this
question, their definitions of range in Q3c were not taken into consideration; only
their graphs and interpretations related to the concept of variation were taken into
account in Q3a and Q3b. However, the frequencies of the students who could and
could not define the concept of range in Q3¢ were determined for each level. As
indicated in Table 4.15, most students (72.5%) performed at Level 1-2 in Q3. The
percentage was much higher when compared with that of Level 1-2 students in Q2b
mentioned above. While 27.4% of the students performed at Level 3-4, there were
no students performing at Level 5-6 in Q3. This was an expected result for Q3
since it was a question related only to the interpretation of the variation concept;
hence, the students were expected to be at either Level 1-2 or Level 3-4. The

following sections display students’ graphs and their interpretations related to the
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concept of variation. The findings are presented for Level 1-2 and Level 3-4
students by providing examples from students’ answers. Moreover, the number of
students who could and could not define the concept of range at each level is

presented at the end of each level.
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Figure 4.65 Graph of a Level 3-4 student in Q3a and her interpretation of the graph
in Q3b

The findings of the current study revealed that different from the result obtained for
Q2b, most students (72.5%) performed at Level 1-2 in Q3. In the framework, it is
asserted that while students cannot draw a graph reflecting variation at Level 1, at
Level 2, they begin to produce a graph with variation, but this variation is not
appropriate for the task given. Since the characteristics observed at Level 1 and
Level 2 are specified clearly in the framework, the students’ levels could be
determined as Level 1 and Level 2 separately. More specifically, while 51.8% of
the students performed at Level 1 in Q3, 20.7 % of the students performed at Level
2. In the sections that follow, initially, the graphs and interpretations produced by
Level 1 and Level 2 students in Q2b are presented by providing examples from

their answers. Then, the number of Level 1-2 students who could and could not
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define the concept of range in Q3c is provided.

As aforementioned, more than half of the students (51.8%) performed at Level 1 in
Q3. These students were placed at Level 1 since most of them (36.6%) had not
drawn any graph. Furthermore, 9.8% of the students either only interpreted the
given average temperature but did not draw any graph or drew a graph but only
showed the temperature of a single day as 17 °C. These students were also placed
at Level 1. For example, S5 in Figure 4.66 did not draw any graph in Q3a and
stated that the temperature increased up to 17 °C in 30 days. From her explanation,
it can be understood that she thought the maximum temperature in the month of
April was 17°C. However, since she did not mention the temperatures of any of the
other days, her interpretation of variation could not be understood, so this student

was placed at Level 1.
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Figure 4.66 Interpretation of the graph by a Level 1-2 student in Q3b

On the other hand, it was realized that some students did not draw a complete
graph, but only showed the temperature of a single day as the average temperature.
In other words, for these students, for the average to be 17 °C, the temperature of
one of the days being 17 °C is sufficient. These students did not consider the
temperatures of the other days; that is, they did not think of the variation in the
temperature. Therefore, these students were placed at Level 1. Figure 4.67 displays

the answer of such a student.
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Figure 4.67 Graph of a Level 1-2 student in Q3a

Level 1 also included students that did not consider the variation in the weather and
believed that the temperatures of all the days would be the same, i.e. 17 °C. For
example, Figure 4.68 displays the graph of such a student. S12 stated that the
temperature was 17 °C throughout the month and did not include any temperature

other than 17 °C in her graph.
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Figure 4.68 Graph of a Level 1-2 student in Q3a and her interpretation of the graph
in Q3b

On the other hand, the findings of the present study revealed that 20.7% of the
students started to include variation in their graphs; however, these were

determined as inappropriate since the graphs of the students did not reflect the real-
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world situation. However, since variation was included, students were placed at
Level 2, not Level 1. It was observed that these students either included too wide or
too small variations in their graphs or their graphs were similar to the that of linear
equations. For instance, S78 in Figure 4.69 drew his graph using the idea of the
mode. He showed the temperatures of most days as 17 °C. He also stated that the
temperature remained constant during the 26™ and 27" day of the month and the
mode was 17 °C. S78 could also use the mean algorithm since he multiplied 18 by
8 in his graph as can be observed in the figure. Nevertheless, his graph did not
include any temperature other than 16, 17 and 18 °C, which actually did not reflect

the real-world situation; hence, this student was placed at Level 2.
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Figure 4.69 Graph of a Level 1-2 student in Q3a and his interpretation of the graph
in Q3b

Likewise, S90 in Figure 4.70 stated that, in general, temperatures were between 10
and 20 °C; however, her graph included a day whose temperature was 50°. In other
words, she produced a graph with a highly broad variation. Therefore, this student

was placed at Level 2, just as the student in Figure 4.69.
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Figure 4.70 Graph of a Level 1-2 student in Q3a and his interpretation of the graph
in Q3b

Furthermore, the graph of some Level 2 students were like that of linear equations.
Figure 4.71 displays such a graph. S21 asserted that the temperature increased 1° C
every day and then remained at 17°C. Since such a consistent increase and stability
is not expected in the weather in the month of April, the graphs of these students

were regarded as including inappropriate variation, so these students were placed at
Level 2.
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Figure 4.71 Graph of a Level 1-2 student in Q3a and his interpretation of the graph

in Q3b
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Besides, when the definitions of range made by students whose statistical literacy
levels were determined as Level 1-2 in Q3 were examined, it was revealed that the
findings were not different from the definitions of both Level 1 and Level 2
students in Q2b. Particularly, most students could not define the concept of range
or presented some irrelevant responses: 36.6% and 11.4% of Level 1 and Level 2
students, respectively. It was observed that the number of students defining the
concept of range correctly was higher when compared to Q2b: 11.0% and 6.1% of
Level 1 and Level 2 students, respectively. There were also some students who
presented some ideas regarding the difference, but could not present a complete

definition.

It was realized that the definition of variation had no impact on students’
interpretation of variation at all levels; therefore, students’ range definitions were
not taken into account in determining their statistical literacy levels. For example,
S12 in Figure 4.68 whose statistical literacy level was determined as Level 1 could
define the concept correctly; however, as previously stated, her graph did not
include any variation; she showed the temperature of all the days as 17 °C . To
state it differently, this student could not use her information related to the range

concept in interpretation of the concept of variation.

On the other hand, the analysis of students’ graphs in Q3a and their interpretations
related to the concept of variation in Q3b indicated that 27.4% of the students
performed at Level 3-4 in Q3. The percentage was much lower when compared to
the that of students at Level 3-4 in Q2b. As aforementioned, in Q3, only the graphs
and interpretations related to the concept of variation of the students were taken
into account to determine their statistical literacy levels since it was observed that
although the students could interpret the variation in the temperature, they could
not define the range concept in Q3c. In the modified version of the framework of
Watson and Callingham (2003), it is stated that students at these levels can produce

graphs reflecting an appropriate variation. In other words, students at Level 3-4 can
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interpret the variation in the temperature. The difference between the two levels is
that while students cannot draw a complete graph at Level 3, at Level 4, students
reflect the temperature of all the days to show the given average and to interpret the
variation in the temperature. In other words, Level 4 students believe that the
temperature of all the days is important to determine the average temperature of the
month. Since the characteristics observed at Level 3 and Level 4 are specified
clearly in the framework, the levels of the students could be determined as Level 3
and Level 4 separately in the current study. More specifically, while 8.5% of the
students performed at Level 3 in Q3, 18.9% of the students performed at Level 4.
In the following sections, first of all, graphs and interpretations of Level 3 and
Level 4 students in Q3 are presented by providing examples from students’
answers. Then, the number of Level 3-4 students’ who could and could not define

the concept of range in Q3c is provided.

The findings of the present study revealed that the graphs of 8.5% of the students
included an appropriate variation, but they did not complete their graphs. For
example, S131 in Figure 4.72 showed only the temperature of 9 days. The
temperatures of the days varied between 10 and 24. Since such a range in the
temperature is expected in the month of April, the graphs of these students were
identified as including an appropriate variation, but since the graph was not

completed, these students were placed at Level 3.

Furthermore, 18.9% of the students did draw a complete graph and also included an
appropriate variation in their graphs; hence, the levels of these students were
determined as Level 4. For example, S74 in Figure 4.73 included temperatures
between 4 and 30°C. S74 also stated while interpreting her graph in Q3b that the
average of each two data was 17 ‘C. As can clearly be understood, this student
initially determined different pairs of temperatures whose mean was 17 ‘C, such as
18 and 16 'C or 28 and 6 'C. Then, placed these data into her graph. Since S74 did

not determine only one pair but included various different pairs in her graph, S74
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was believed to have provided an appropriate variation. Furthermore, she showed
the temperatures of all the days; therefore, she was placed at Level 4, the maximum

level expected in Q3 since there was no question related to the evaluation of the

variation concept.
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Figure 4.72 Graph of a Level 3-4 student in Q3a
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Figure 4.73 Graph of a Level 3-4 student in Q3a and her interpretation of graph in
Q3b

Similarly, another student in Figure 4.74 drew his graph taking into account every

fifth day of the month. Similar to the above student, graph of S24 in the Figure
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included five different temperatures whose mean is 17 ‘C; therefore, placed at

Level 4.
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Figure 4.74 Graph of a Level 3-4 student in Q3a

Lastly, the definitions of range made by the students whose statistical literacy
levels were determined as Level 3-4 in Q3 were examined. The findings were not
different from the definitions of both Level 3-4 students in Q2b and of Level 1-2
students in Q3. Particularly, most students could not define the concept of range or
presented some irrelevant responses: 7.9% and 7.3% of Level 3 and Level 4
students, respectively. It was observed that the percentage of students defining the
concept of range correctly was lower when compared to Q2b: 1.2% and 7.9% of
Level 3 and Level 4 students, respectively. There were 3 (1.8%) Level 4 students
who presented some ideas regarding the difference, but could not present a

complete definition.

4.3.3 The Concept of Variation on Line Graphs in Question 7

The last question related with the variation concept on line graphs was Question 7
(Q7). Q7 provided students with a line graph which displayed the speed of a
factory service at specific times in a day. In the context, there was a wide variation

in the speed of the service throughout the day, and its average speed was higher
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than the speed limit, 70 km/h. However, the Chamber of Drivers did not impose
any fines to the driver of the service. The students were requested to evaluate the
Chamber in related to the service driver. By means of this question, whether or not
students could critically evaluate the variation in the speed of the service was

examined.

The statistical literacy levels of the students were determined by an overall analysis
of students’ evaluations of variation in Q7 and their definitions of range in Q3¢
since there was no question related to the definition of variation in Q7. However, in
the analysis, no effect of the definition of range on students’ evaluation of variation
was observed as in Q2b and Q3. To state it differently, even though some students
could not define the concept of range in Q3c, they could evaluate the variation in
the speed of the service in Q7. Therefore, to determine the statistical literacy levels
of students in this question, their definitions of range in Q3¢ were not taken into
consideration as in Q2b and Q3; only their evaluations related to the concept of
variation in Q7 were taken into account. However, the frequencies of the students
who could and could not define the concept of range were determined for each
level. Table 4.15 revealed that while most students (71.0%) performed at Level 1-2
as in Q3, 27.9% of the students performed at Level 3-4 in Q7. Q7 required the
evaluation of the variation concept so most students were expected to be at Level
5-6. However, only 2 students (1.2%) performed at Level 5-6 in Q7. The following
sections explain students’ evaluations related to the concept of variation in Q7. The
findings are presented for Level 1-2, Level 3-4 and Level 5-6 students by providing
examples from students’ answers. Nevertheless, the percentage of students who
could and could not define the concept of range at each level are not presented at
the end of each level for Q7 because the frequencies obtained for each level were
very similar to the ones obtained in Q2b and Q3. Furthermore, this question was
similar to Q2b in Section 4.3.1. Both questions examined whether or not the
students could critically evaluate the variation concept; therefore, the findings will

be presented in line with the findings of Q2b.
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The findings of the present study revealed that 71.0% of the students performed at
Level 1-2 in Q7 which is a similar result obtained in Q3. As stated previously, the
framework asserts that if students make their evaluations based on any explanation
or idiosyncratic responses, they are placed at Level 1. On the other hand, if they
use only a single value in their evaluations, their levels are determined as Level 2.
In the current study, 36.2 % of the students either did not provide any answer or
provided some idiosyncratic responses; therefore, their statistical literacy levels
were determined as Level 1 for Q7. For instance, S21 in Figure 4.75 stated that if
he went at 70 km/h, it lasted 2 days to reach a place; however, if he went at 120
km/h, it lasted 1 day. Since S21 used his own opinion regarding the speed of the
service, but not the given graph, the answer of this student was determined as

idiosyncratic and his statistical literacy level for Q7 was determined as Level 1.

s?ft:)rler odasi bu grafige dayanarak servisin hizi konusunda bir sorun olmadigini
digtinerek sofére herhangi bir cezai islem uygulamamigtir. Dernegin aldig
karara katiliyor musunuz?
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o Bu sonuca nasil ulastiniz? Cevabinizi agik bir sekilde belirtiniz.

Figure 4.75 Evaluation of variation by a Level 1-2 student in Q7

Moreover, it was observed that 34.8% of the students depended on only a single
value in the given graph and compared that value with the average speed, 70 km/h,
to make their evaluations. Therefore, these students were placed at Level 2. It was
observed that the students generally focused on the maximum speed that the
service reached at 12:00, 108 km/h. For example, S5 in Figure 4.76 said that in the
graph, the driver reached the speed of 108 km/h; therefore, the fine should have

been imposed. Since S5 concentrated on only one value but not all the given values
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in the graph, this student was placed at Level 2.

Soférler odasi bu grafige dayanarak servisin hizi konusunda bir sorun olmadigini
diisinerek sofore herhangi bir cezai islem uygulamamistir. Dernegin aldig
karara katiliyor musunuz?
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Figure 4.76 Evaluation of variation by a Level 1-2 student in Q7

On the other hand, the analysis of students’ evaluations of the variation concept in
Q7 indicated that 27.9% of the students performed at Level 3-4 in Q7. In the
modified version of the framework of Watson and Callingham (2003), it is stated
that at Level 3, students not only depend only a single value in their comparisons
but also concentrate on more than one value in the given data sets. However, at
Level 4, students use numerical strategies while comparing two data sets. To state
it differently, they make their comparisons by either computing the sum or a
measure of the central tendency of the two data sets. Since the characteristics
observed at Level 3 and Level 4 are specified clearly in the framework, the levels
of the students could be determined as Level 3 and Level 4 seperately. More
specifically, while 12.0% of the students performed at Level 3, 15.9% of the
students used a numerical strategy to make their evaluations; therefore, they were
placed at Level 4. It was realized that these students did not consider the variation
in the speed of the service. In the following sections, the evaluations of variation
made by Level 3 and Level 4 students in Q7 are presented by providing examples

from students’ answers.
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As mentioned previously, different from Q2b, 12.0% of the students’ levels were
determined as Level 3 since they had used more than one value in the given graph
to make their evaluations in Q7. For instance, S22 in Figure 4.77 did not only focus
on 108 km/h as S5 in Figure 4.76. Instead, S22 drew a line for the average speed
and stated that the driver exceeded the speed limit 6 times; therefore, fines should
be imposed. In other words, this student concentrated on almost all the values in
the given data but did not calculate an average value; hence, he was placed at Level

3in Q7.
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Figure 4.77 Evaluation of variation by a Level 3-4 student in Q7

On the other hand, 15.9% of the students used a numerical strategy to evaluate the
decision of the Chamber of the Drivers. Different from Q2b, no student calculated
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the sum of the speeds in Q7, but all of them computed the mean of the speed of the
service and made their evaluations accordingly. Since these students used a
numerical strategy as in Q2b and thus have taken into account all the given values,
these students were placed at Level 4. Figure 4.78 displays the answer of such a
student. S34 in the figure calculated the mean of the given data as 81 km/h, and
since it is higher than the average speed, she did not agree with the decision of the
Chamber. However, it was realized that S34 also stated that the speed of the service
was very high at specific times of the day. In other words, even though this student
could calculate the mean of the given data set considering all of the given values,

she still depended on some single values in making her evaluation.
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Figure 4.78 Evaluation of variation by a Level 3-4 student in Q7

Lastly, the analysis of students’ evaluations of the variation concept in Q7
indicated that only 2 students (1.2 %) performed at Level 5-6. In the framework, it
is stated that critical evaluation of the variation concept is an expected skill for
Level 5-6 students. It is explained that while students make their evaluations using
visual strategies including the variation concept at Level 5, at Level 6, they use
numerical strategies and visual strategies including the variation concept together
to make their evaluations. It was observed that 2 students reaching the Level 5-6
used only visual strategies including the variation concept; hence, these students
were placed at Level 5. A sample answer of one of these students is provided in the

section that follows.
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One of the students using a visual strategy appreciating the variation in the speed of
the service was S42. As can be observed in Figure 4.79, S42 stated that that speed
of the service should be 70 km/h; however, the speed of this driver increased and
decreased from 70 km/h at every hour. She maintained that the speed of the service
showed some variation and exceeded the speed limit. This student stated the
variation in the speed of the service explicitly but did not calculate an average
value; therefore, the statistical literacy level of the student was determined as Level

5.

softrler odasi bu grafige dayanarak servisin hizi konusunda bir sorun olmadigini
dugunerek sofére herhangi bir cezai islem uygulamamistir. Dernegin aldigi
karara katiliyor musunuz?
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Figure 4.79 Evaluation of variation by a Level 5-6 student in Q7

Table 4.16 in below summarizes the findings related to the concept of variation on
line graphs. The findings of the present study revealed that in general, the statistical
literacy levels of the students in the questions related to the variation concept on
line graphs were determined as Level 1-2. There were not many students reaching
Level 5-6 in all of the questions. To put it differently, most students could neither
interpret the variation concept on line graphs nor evaluate the variation in the
questions critically. Generally, they could not answer the questions or depended on

idiosyncratic responses.
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Table 4.16 The distribution of students across the six levels in the framework in

the questions related to concept of variation on line graphs

The Concept of Variation on Line Statistical Literacy Level
Graphs
Level 1-2 Level 3-4 Level 5-6
Question Skill
44 97 23
Q2 Evaluation
(26.8%) (59.1%) (14.0%)
119 45 0
Q3 Interpretation
(72.5%) (27.4%) (0.0%)
136 26 2
Q7 Evaluation
(71.0%) (27.9%) (1.2%)

In this section, findings related to the variation concept on line graphs were
presented The other aim of this study was first of all to examine statistical literacy
of seventh grade students regarding the concept variation on bar graphs related to
the data obtained from social or scientific contexts. Hence, in the next section, the
findings of the present study related to the concept of variation concept on bar

graphs are presented.
4.4 The Concept of Variation on Bar Graphs

To measure statistical literacy levels of students regarding the concept of variation
on bar graphs, one more question was prepared, similar to Q2b in section 4.3. The
question was the second part of question 6 (Q6b). In the question, the students were
given a double bar graph displaying the wind speed of two regions, Amasra and
Bandirma, throughout seven months. Although the average wind speed of the two
regions were equal, the variation in the speed of the wind in the Amasra region was
greater. While the wind speed of the Amasra region varied substantially, the wind

speed of the Bandirma region remained more consistent throughout the seven
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months. In the first part of Q6 (Q6a), the students were requested to find the
average wind speeds of the two regions. On the other hand, in the second part of
Q6 (Q6b), the students were told that the company had decided to select the
Amasra region where the speed of the wind varied substantially, and the students
were asked to evaluate the decision of the company. By means of this question,
whether or not students could critically evaluate the variation in the speeds of the
winds, after they realized that their average speeds were the same, was examined.
Different from Q2b, the importance of variation was also expressed in Q6b by

stating that a fluctuation in wind speed increases maintenance cost.

To determine the levels of the students for each question, the modified version of
the framework of Watson and Callingham (2003) was used, just as in the other
variation questions explained above. In other words, the statistical literacy levels of
the students were determined by taking into consideration their definitions of range
in Q3 and their evaluations regarding the concept of variation in Q6b. The

distribution of students across six levels for Q6b are displayed in Table 4.17 below.

Table 4.17 The distribution of students across the six levels in the framework for

Q6b

Question related to Variation on Bar Graphs

Levels Question 6b
68
1-2
(41.4%)
61
3-4
(37.2%)
35
5-6
(21.3%)
164
Total
(100.0%)
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As indicated in Table 4.17, when students’ definitions, and evaluations of the
variation concept were analyzed as a whole in Q6b, it was revealed that, different
from Q2b, while almost half of the students (41.4%) performed at Level 1-2 in
Q6b, 37.2% of the students performed at Level 3-4. Moreover, 21.3% of the
students performed at Level 5-6 in Q6b. The percentage was higher when

compared to the number of students who performed at Level 5-6 in Q2b.

To address the sub-question related to the research question of the present study,
the following sections dwell on detailed explanations of the answers of the students
at different statistical literacy levels for Q6b with examples from students’ answers.
In other words, how seventh grade students at different statistical literacy levels

define and evaluate the variation concept on bar graphs is explained for Q6b.

As aforementioned, the statistical literacy levels of the students were determined by
an overall analysis of students’ evaluations of variation in Q6b and their definition
of range in Q3 since there was no question related to the definition of variation in
Q6 and there was no interpretation question related to the concept of variation in
Q6. However, in the analysis, it was noticed that even though some students could
not define the concept of range in Q3, they could evaluate the variation in the wind
speeds in Q6b, just as in the other variation questions. Therefore, to determine the
statistical literacy levels of the students in this question, their definitions of range in
Q3 were not taken into consideration; only their evaluations related to the concept
of variation in Q6b were taken into account. However, the frequencies of the
students who could and could not define the concept of range was determined for
each level. As indicated in the Table 4.17 above, almost half of the students
(41.4%) performed at Level 1-2 in Q6b. While 37.2% of the students performed at
Level 3-4, 21.3% of the students performed at Level 5-6 in Q6b. The following
sections explain students’ evaluations related to the concept of variation in Q2b.
The findings are presented for Level 1-2, Level 3-4 and Level 5-6 students by
providing examples from students’ answers. Nevertheless, the number of students

who could and could not define the concept of range at each level is not presented
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at the end of each level for Q6b as in Q7 because the frequencies obtained for each
level were very similar to the ones obtained in Q2b and Q3. Furthermore, this
question was similar to Q2b in Section 4.3.1. Both questions examined the ability
to critically evaluate the variation concept in a comparison situation; therefore, the

findings are presented in line with the findings of Q2b.

Although most students were expected to be at Level 5-6 in Q6b since it was a
question related to the evaluation of the variation concept, as can be observed in
Table 4.17, most students (41.4%) performed at Level 1-2 in Q6b. The percentage
was much higher when compared to that of students performing at Level 1-2 in
Q2b. In the modified version of the framework of Watson and Callingham (2003),
it is stated that critically evaluating the variation concept in a comparison situation
was not an expected skill for Level 1-2 students. It is stated that while students
depend on idiosyncratic beliefs in making comparisons at Level 1, students at
Level 2 make their comparisons concentrating on only a single value in the given
data sets. Since the characteristics observed at Level 1 and Level 2 are specified
clearly in the framework, the levels of students could be determined as Level 1 and
Level 2 seperately. More specifically, while 28.0% of the students performed at
Level 1 in Q2b, 13.4% of the students performed at Level 2. In the following
sections, initially, the evaluations of variation made by Level 1 and Level 2

students in Q6b are presented by providing examples from students’ answers.

The findings of the present study showed that 28.0% of the students either could
not answer Q2b or provided some idiosyncratic responses. Therefore, these
students were placed at Level 1. For example, S104 in Figure 4.80 explained that it
is a discrimination to set up wind turbines only in the Amasra and Bandirma
regions. This student evaluated the decision somehow but his focus was not on the

given data but on his own opinion.
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Figure 4.80 Evaluation of variation by a Level 1-2 student in Q6b

Furthermore, it was realized that 13.4% of the students used some single values
when comparing the wind speeds of the two regions; therefore, they were placed at
Level 2. Figure 4.81 displays the answer of such a student. S141 in the figure
below calculated the average of the two regions as being equal by using the mean
of the given wind speeds in Q6a. However, when making her evaluation, she stated
that although they were equal, the Amasra region had higher wind speeds. It is
believed that this student is most probably concentrating on the 37 km/h wind
speed that the Amasra region had in the month of August. Similar to Q2b, although
S141 calculated the average wind speed of the two regions as being equal, she did
not direct her attention to the variation in the wind speeds, but only to the high

values.

Figure 4.81 Evaluation of variation by a Level 1-2 student in Q6b
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On the other hand, the analysis of the students’ evaluations of the variation concept
in Q6b indicated that 37.2% of the students performed at Level 3-4 in Q6b. As
aforementioned, in Q2b, only the evaluations of variation of the students were
taken into account to determine their statistical literacy levels since it was observed
that although the students could evaluate the variation in the scores of the players,
they could not define the range concept in Q3. In the modified version of the
framework of Watson and Callingham (2003), it is stated that instead of only
depending on single values in their comparisons, students at Level 3 make their
comparisons by concentrating on more than one value in the given data sets.
However, at Level 4, students use numerical strategies in comparison of two data
sets. To state it differently, they make their comparisons by either computing the
sum or a measure of central tendency of the two data sets. Since the characteristics
observed at Level 3 and Level 4 are specified clearly in the framework, the levels
of the students could be determined as Level 3 and Level 4 separately, but it was
observed that none of the students performed at Level 3 as in Q2b. More
specifically, 37.2% of the students used a numerical strategy to compare the wind
speeds of the two regions. It was realized that these students did not consider the
variation in the wind speeds of the two regions. While 26.2% of the students used
the mean of the wind speeds to evaluate the decision of the company, 10.4% of the
students used the sum of the wind speeds of the two regions in making their
comparisons. The percentage was lower when compared to that of the students
using the mean and the sum in Q2b. There were also a few students calculating the
median or mode of the given data sets and used them in their comparisons. In the
following sections, the evaluations of variation made by Level 4 students in Q6b

are presented by providing examples from students’ answers.

As it was stated, 37.2% of the students’ levels were determined as Level 4 since
they used a numerical strategy while comparing two data sets. To state it
differently, to evaluate the decision of the company, most students used the average

wind speeds of the two regions that they had computed in Q6a. For example, S140
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in Figure 4.82 calculated the sum of the wind speeds of the two regions but found
the wind speed of the Amasra region to be greater because of calculation errors.
Furthermore, S140 stated that she agrees with the decision of the company since

the average of wind speed in the Amasra region is higher.

a) Her iki bdlgenin belirtile
n aylarda ald v
abysdy iy B! rizgar hizlarinin ortalamasini bulunuz. Her iki blge

Amasra Bdlgesinin ortalama rlzgar hizi:
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Bandirma Bolgesinin ortalama riizgar hizi:

= > Bl enre.

b) Sirket ydneticileri Amasra bélgesine santral kurma karari almistir. Eger rizgar hizinin dalgal
olmasinin bakim maliyetlerini artirdig bilgisi gdz &niine alinirsa sizce sirketin aldigi karar uyg
mudur?
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Figure 4.82 Interpretation of average by a Level 3-4 student in Q6a and her

evaluation of variation in Q6b

Moreover, it was observed that some Level 4 students in Q6b computed the mean
scores of the two regions and correctly found them to be equal. However, these
students stated that both regions are suitable since the mean of the wind speeds of
the two regions are equal or, just as in Q2b, they stated no further idea regarding in
which places to set up the wind turbines. Figure 4.83 displays answer of such a

student. S96 stated that both of them is appropriate since both are the same.
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Figure 4.83 Evaluation of variation by a Level 3-4 student in Q6b

Besides, as mentioned previously, about 10.4% of the students whose statistical
literacy levels were determined as Level 4 used the sum of the given wind speeds
in making their decision. Interestingly, it was realized that although some students
calculated the mean wind speed of the two regions in Q6a, which asked for the
average wind speeds of the two regions, they used the sum of the wind speeds of
the two regions to compare the two regions. To state it differently, they did not use
the mean that they had calculated in Q6a. However, the percentage was lower than
that of the students calculating the mean in Q2a, but not using it to compare the two

players in Q2b.

Lastly, the analysis of the students’ evaluations of the variation concept in Q6b
indicated that 21.3% of the students performed at Level 5-6. The percentage was
higher when compared to that of Level 5-6 students in Q2b. In the framework, it is
stated that the ability to critically evaluate the variation concept in a comparison
situation was an expected skill of Level 5-6 students. It was stated that while
students make their comparisons using visual strategies including the variation
concept at Level 5, at Level 6, they use numerical strategies and visual strategies
including the variation concept together to make their comparisons. Since the
characteristics observed at Level 5 and Level 6 are specified clearly in the

framework, the students could be determined to be at Level 5 and Level 6
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separately. Particularly, 17.7% of the students performed at Level 5, while 6
students (3.6%) performed at Level 6 in Q6b. In the following sections, the
evaluations of wvariation of students whose statistical literacy levels were
determined as Level 5 and Level 6 in Q6b are presented by providing examples

from students’ answers.

The findings of the present study indicated that 17.7% of the students used only
some visual strategies, implying the appreciation of variation in the wind speeds of
the two regions in making their decisions related to the decision of the company.
Therefore, these students were placed at Level 5. For instance, S72 in Figure 4.84
stated that she did not agree with the decision of the company since the variation in
the wind speeds in the Amasra region is so irregular. S72 explicitly mentioned the
variation in the wind speeds of the Amasra region. Furthermore, it was observed
that even though S72 computed the average wind speed of the two regions in Q6a,
she did not use those averages in making her comparison, but only depended on the
variation in the wind speeds of the two regions. It was observed that 18 of 29 Level

5 students (11%) did not use the averages that they had calculated in Q6a.

Figure 4.84 Evaluation of variation by a Level 5-6 student in Q6b

On the other hand, only 6 students (3.6%) used both a numerical strategy and a
visual strategy implying an appreciation of variation in the wind speeds of the two

regions to make their comparisons in Q6b. According to the modified version of
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the framework in Table 3.7, the statistical literacy level of these students is Level 6.
The percentage was higher when compared to that of Level 6 students in Q2b. For
example, S12 in Figure 4.85 calculated the mean of the wind speeds of the two
regions in Q6a as being equal, and in the evaluation of the decision of the company
in Q6b, S12 stated that the average wind speeds of the two regions were the same,
but that the wind fluctuated considerably in the Amasra region. Therefore, the
maintenance cost would increase. Even though S12 did not use the exact word of
variation as S72 in Figure 4.84 above, it was clear that she had realized the
variation in the wind speeds of the Amasra region by addressing the statement in

the question, ‘fluctuated wind speed increases maintenance cost’.
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Figure 4.85 Evaluation of variation by a Level 5-6 student in Q6b

Furthermore, only 1 student (0.6%) mentioned range, a measure of variation, in
addition to the average he had calculated in Q6a to evaluate the decision of the
company. As can be examined in Figure 4.86, S68 explained that although the
average of the two regions was same, there was a much narrower range in the
Amasra region. Although S68 calculated range of the two regions wrongly, he was

aware that a narrow range was better for them.
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Figure 4.86 Evaluation of variation by a Level 5-6 student in Q6b

It was also realized that some students whose statistical literacy levels were
determined as Level 5 and thus used visual strategies taking into account variation
believed that, opposite to the opinion of S68 in Figure 4.86, it was better to have
greater variation. For instance, S101 in Figure 4.87 agreed with the decision of the
company and he explained that since the graph displayed fluctuations, more
electricity would be produced. As can be understood from the answer of the
student, even though he mentioned the variation in the wind speed of the Amasra
region implicitly, he believed that it would enable the company to produce more

electricity.

b) Sirket yéneticileri Amasra bolgesine santral kurma karari almistir. Eger riizgar hizinin dalgali
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Figure 4.87 Evaluation of variation by a Level 5-6 student in Q6b
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Table 4.18 in below summarizes the findings related to the concept of variation on
bar graphs. The findings of the present study revealed that in general, the statistical
literacy levels of the students in the questions related to the variation concept on
bar graphs were determined as Level 1-2, just as it turned out to be for the variation
questions on line graphs. However, more students reached the Level 5-6 in Q6b
when compared to the percentage of students reaching Level 5-6 in the questions

related to the variation concept on line graphs.

Table 4.18 The distribution of students across the six levels in the framework in

the questions related to concept of variation on bar graphs

The Concept of Variation on Line Statistical Literacy Level
Graphs
Level 1-2 Level 3-4 Level 5-6
Question Skill
68 61 35
Q6 Evaluation
(41.4%) (37.2%) (21.3%)

4.5 Summary of the Findings

The purpose of the current study was to analyze seventh grade students’ statistical
literacy related to the concepts of average and variation on bar and line graphs
related to the data obtained from social or scientific contexts. More specifically,
initially, this study tried to determine the statistical literacy levels of seventh grade
students regarding the concepts of “average” and “variation” on bar and line graphs
related to the data obtained from social or scientific contexts. Then, it investigated
how seventh grade students at different statistical literacy levels define, interpret
and evaluate “average” and “variation” concepts on bar and line graphs related to
the data obtained from social or scientific contexts. The findings of the present
study revealed that the statistical literacy levels related to the concept of average of

most seventh grade students was Level 3-4 for both bar and line graphs. There were
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not many students reaching Level 5-6 in average questions on both bar and line
graphs. In other words, while the students could interpret the concept of average on
bar and line graphs related to the data from social or scientific contexts, most of
them experienced difficulty in critically evaluating the concept of average on bar
and line graphs, particularly on line graphs. Moreover, the mean was the most
preferred measure of central tendency in interpreting the concept of average on bar
and line graphs. On the other hand, it can be concluded that the statistical literacy
levels of most of the seventh grade students related to the variation concept were
determined as Level 1-2 for both bar and line graphs. Only in one of the questions
related to line graphs, most of the students could reach Level 3-4. There were not
many students reaching Level 5-6 in variation questions on both bar and line
graphs; but the percentage of Level 5-6 students was higher in the questions related
to the bar graphs. In other words, most of the seventh grade students experienced
difficulty in interpreting and critically evaluating the variation concept on bar and
line graphs related to the data obtained from social or scientific contexts. It was
found that students generally could not answer the questions related to the variation

concept or they presented some idiosyncratic responses.
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CHAPTER 5

DISCUSSION, IMPLICATIONS AND RECOMMENDATIONS

The aim of this study was to analyze seventh grade students’ statistical literacy in
terms of the concepts of “average” and “variation” on bar and line graphs related to
the data obtained from social or scientific contexts. With this aim, a qualitative
survey research design was implemented to determine the statistical literacy levels
of seventh grade students and to analyze how students at different statistical
literacy levels define, interpret and evaluate the average and variation concepts on
bar and line graphs related to the data obtained from social or scientific contexts. In
this chapter, findings of the current study are discussed and compared with
previous research studies. First of all, the findings regarding the statistical literacy
of students in terms of the concept of average on bar and line graphs related to the
data obtained from social or scientific contexts are discussed. Then, the findings
regarding the statistical literacy of students in terms of the concept of variation on
bar and line graphs related to the data obtained from social or scientific contexts
are summarized. Lastly, the implications of the present study and recommendations

for further research studies are provided.
5.1 Students’ Statistical Literacy in terms of The Concept of Average

One of the aims of the present study was to analyze the statistical literacy of
seventh grade students regarding the concept of average. In this respect, the
students were asked five different questions related to the concept of average, Q1,
Q2, Q4, Q5 and Q6. First of all, the statistical literacy levels of the students were
determined by an overall analysis of each question. The findings of the present

study revealed that in general, the statistical literacy levels of the students in the
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questions related to the concept of average on bar and line graphs were Level 3-4.
Although Chick and Pierce (2011) stated that schools aim to raise individuals
whose statistical literacy level is critical mathematical; i.e., the highest level in the
framework, there were not many students reaching this level in all of the questions
including bar and line graphs. To state it differently, while students could interpret
the average concept on bar and line graphs, most of them could not critically
evaluate the average presented to them in almost all of the questions. Furthermore,
almost all the students did not mention the representative nature of the concept of

average while defining the concept.

This finding was consistent with that reported by several research studies in the
literature indicating that more difficulties were observed in the definition and
evaluation of the statistical concepts when compared to the interpretation of them
among the students at different grade levels (Watson, 2006; Watson & Callingham,
2003; Yolcu, 2012). There might be several reasons underlying such a finding. One
of the reasons can be that the Turkish curriculum does not focus on the critical
evaluation of statistical concepts as much as it does on their interpretation. In other
words, since students becomes familiar with the interpretation of the concepts but
not with their critical evaluations in social or scientific contexts, they could have
difficulties in the critical evaluation of the concept of average in different social or

scientific contexts.

Another reason could be the teachers of the students. In her study with pre-service
teachers, Ozen (2013) concluded that pre-service teachers could not evaluate
several statistical claims critically. Furthermore, several researchers stated that
teachers have a huge role in students’ success related to the critical evaluation of
the given data (Chick &Pierce, 2011; Watson, 2006). Researchers asserted that if
teachers do not have a critical attitude towards the given data, their students will
not attain such an attitude either. Thus, teachers’ attitudes towards the statistical
messages that they have encountered in the real life could be the reason underlying

students’ inadequacy in critical evaluation of the average concept in the present
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study.

On the other hand, teachers’ inappropriate use of mathematical language in
defining the concept of average might be the reason why students experience
difficulties in the definition of the concept of average (Yolcu, 2012). Indeed,
Yesildere (2010) observed that pre-service teachers do not use mathematical
language correctly, and Miller (1993) stated that mathematics teachers generally
use daily language in their teaching instead of using the accurate terminology.
Hence, the findings in the current study is not surprising if teachers of the students
participating in the current study do not use the appropriate language in the

teaching of the concept of the average.

In the present study, after the students’ statistical literacy levels were determined
for each question, their answers to the definition, interpretation and evaluation
questions related to the concept of average were analyzed in detail to address the
sub question related to the research question of the study. The following sections
initially present discussions related to the students’ definitions and interpretations
related to the concept of average. In the analysis of the answers of the students, the
definitions of the students were generally compared with their interpretations
related to the concept of average. Hence, in the following sections, the definitions
and interpretations of the students are generally discussed together. Moreover,
when the students’ interpretations of the concept of average on bar and line graphs
related to the data obtained from social or scientific contexts were examined in
detail, not much difference was observed in students’ interpretations of the concept
of average on bar and line graphs. Therefore, students’ interpretations related to the
concept of average are not discussed separately for each question, instead, the
findings that are common in all the questions are discussed. Subsequently, since
students’ evaluations related to the concept of average varied in different questions,
each question which required the evaluation of the concept of average was

discussed separately following the definition and interpretation of the concept.
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When the students’ definitions and interpretations were analyzed, it was observed
that some students defined and interpreted the concept of average using single
ideas such as normal or okay. However, many students generally defined the
concept of average or interpreted its meaning in the given social or scientific
contexts through the use of three measures of central tendency and the most used
measure of central tendency was the mean. This was a consistent finding with those
reported by many other research studies in the literature (Brown & Silver, 1989;
Enisoglu, 2014; Ucar &Akdogan, 2009; Watson, 2006; Yolcu, 2012). On the other
hand, it was observed that the median and the mode, which are other two measures
of central tendency, were used by a few students. This finding could be attributed
to the fact that teachers focus solely on the mean algorithm in teaching the concept
of average since the mean is the most common idea related to the concept of
average among teachers as stated by Leavy and O’Loughlin (2006). Yolcu (2012)
also expressed the same opinion based on their findings. Furthermore, another
reason underlying such a finding could be the similarity between the words mean
and average in the Turkish language (Enisoglu, 2014). In the Turkish language,
mean is named as “arithmetic average” and so the first opinion that emerges in
students’ mind when they hear the word average is arithmetic average; i.e, mean.
As an alternative point of view, this finding could also be attributed to the
curriculum and textbooks in Turkey. In one of the objectives in the Turkish
curriculum, it is stated that “Students should be able to find and interpret average,
median and mode of a data set” (MoNE, 2018, p. 70). It is also stated that the
effectiveness of these three concepts should be discussed in different real life
contexts (MoNE, 2018). In other words, the concept of average is used in the
curriculum instead of the concept of mean, which indicates the possible reason
underlying some findings obtained in the current study. Furthermore, when some
textbooks in Turkey were analyzed, it was observed that some of them use the term
average when students are requested to find the mean of a data set. Thus, it is not
surprising for the students in this study to think of the concept of mean directly

when they hear the word average.
214



Although the concept of mean is preferred much by seventh grade students in
defining or interpreting the concept of average, the findings of the current study
indicated that students seemed to have a procedural, not a conceptual,
understanding regarding the concept of mean. One of those findings was the
incorrect application of the mean algorithm, which is a consistent finding with
those reported by many studies in the literature (Cai, 2000; Maverach, 1983;
Pollatsek et al. 1981; Watson & Moritz, 1999). It was observed in this study that
some students used the reversed version of the algorithm; i.e. they divided the
number of data by the sum of the given data, or they had difficulty in the
computation of the weighted mean, which is a consistent finding with that reported
by the study of Watson and Moritz (2000). These findings observed in the present
study clearly reflected that conceptual understanding of the students in this study
regarding the concept of mean was inadequate since if students had a conceptual
understanding related to any concept, they would apply an algorithm related to this
concept correctly in every situation they encountered (Kilpatrick, Swafford &
Findell, 2001). However, the students in the current study did not apply the mean
algorithm in different situations, and they added some numbers and divided the
sum by another number, but it was clear that they did not know which numbers
they needed to add and divide. This is a clear indication of procedural
understanding about the mean concept (Cai, 2000); hence, it can be inferred that
the students in this study had a procedural understanding related to the concept of

mean.

Another finding of this study showing that students had procedural understanding
regarding the mean concept was the inconsistency between students’ definitions
and interpretations. For instance, some students defined the concept of average and
interpreted its meaning in the given social or scientific contexts with the use of
single ideas such as about or more or less but most of these students stated that
average in the given contexts was calculated using the mean or sum of the data set.

However, students in the present study did not care whether their opinion regarding
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the calculation of the average concept was consistent with their definition or
interpretation of the concept, which is a finding parallel to that reported in the study
of Mokros and Russell (1995). There were also students in this study who could
define average as the mean concept but could not transfer their definitions to the
interpretation of the average concept in the given social or scientific contexts. In
other words, they could not use the idea of mean in interpreting the concept of
average in different contexts. The underlying reason could be students having only
procedural understanding related to the concept of average. To state it differently,
they only know the addition and division algorithm but do not know what the
obtained value represents (Konold & Higgins, 2003; Mokros & Russell, 1995).
Therefore, the students in the present study either could not interpret the concept in
a given context using the idea of mean or they used their own understandings to

interpret the concept of average.

Different from the students who defined or interpreted the concept of average as
the mean of a data set, when students’ answers to the interpretation questions were
analyzed to be able to answer the sub-question of the current study, it was observed
that some students interpreted the concept of average as the maximum value in the
given data sets. In other words, these students believed that any data greater than
the average value did not exist in the given data. This finding was parallel to that
reported in a study of Enisoglu (2014) and also of Hobden (2014), who realized
that some teachers interpreted the median value as the maximum value in the given
data set. The reason of such a finding could be due to students’ and teachers’ lack
of conceptual understanding related to the concept of average (Cai, 2000; Hobden,
2014). If students in the current study could interpret average as balance point in a
data set, they had the information that there were also smaller values than the

average in the given data set.

Findings of the present study indicated that there are many students who had
procedural understanding regarding the mean and average concept since they do

not know what the obtained value represent when they do addition and division or
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they could interpret the average concept as the maximum value in a data set.
Nevertheless, it was observed that some students in this study did not calculate an
average value in the questions which required to calculate an average but gave
information regarding the place of the average. These students stated that average
should be between the minimum and maximum value in the given data. This was a
different finding obtained from the studies in the literature. Since these students
thought that average cannot be smaller than the minimum value and larger than the
maximum value but should be in between them, it was believed that these students
have conceptual understanding related to the concept of average. This study
contribute to the literature in this sense since the ideas of these students could be
used in teaching the place of the average in a data which in turn can help students
to interpret average as balance point in a data set. Discussions about the questions
such as “When do you think the average will be close to the minimum value or in

the middle of the data?” can be useful in reaching this aim.

As previously mentioned, when students’ definitions and interpretations related to
the concept of average were analyzed, it was found that there is an inconsistency
between definitions and interpretations of the students which indicated that
students in this study had a procedural understanding regarding the concept of
mean. Another conclusion that can be made in relation to this finding is that there
is a gap between students’ own understanding of the average concept and what they
have learnt in school. Kilpatrick et al. (2001) stated that if students do not have a
conceptual understanding about the concept, this gap is inevitable. This conclusion
was clearly observed in the answer of some students in the current study. For
instance, a student expressed two different meanings for the concept of average:
one for public language and the other for mathematics. While the student expressed
that average means generally in the public language, he mentioned add and divide
algorithm for the meaning of the average concept in mathematics. On the other
hand, another student in the present study interpreted the average concept as

median but stated that average was calculated with the mean algorithm. To state it
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differently, that student did not regard the median as a calculation related to the
concept of average and believed that mean algorithm is essential to find the median
of the given data. These findings implied that teaching of the average concept in
the schools do not follow the students’ own understanding and students only learn
procedural knowledge regarding the concept of average and cannot link their own
understanding of the average concept with what they have learnt in the school.
Also, these findings support the idea of Mokros and Russell (1995) who indicated
that students lose their ideas of representativeness related to the average concept
when they learn the mean algorithm in the schools. Researchers suggested that
lessons should be designed so that students can connect new knowledge with their
informal ideas of representativeness and Watson and Moritz (2000) believed that
students’ ideas of middle and most about average could be a good starting point for

classroom discussions.

When students’ definitions and interpretations related to the concept of average
was examined to be able to answer the sub-question of the present study, it was
also observed that some contexts were useful for students in interpretation of the
concept of average. Even in the higher levels of statistical literacy, there were
students that had difficulties in defining the concept of average. However, it was
observed that even though these students could not define the concept, they could
interpret its meaning in the given social or scientific contexts or they presented
some contextual examples to define the concept. This interesting finding arising
from the study confirms the study of Watson and Moritz (2000) in terms of the fact
that contexts help students in interpretation of the concept of average. Nevertheless,
benefit of the contexts was not observed in the interpretation questions regarding
the computation of the average concept. In other words, it was observed that some
students, mostly performed at Level 2, could both define the concept of average
and interpret its meaning in the given social or scientific contexts through single
ideas but they could not answer the question of how the average in the given

context was calculated. Parallel with the study of Watson and Moritz (2000), in the
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present study, students had difficulties in the questions related to the computation

of the average concept.

On the other hand, it was observed in the current study that some contexts were not
as useful as the others in helping the students to interpret the meaning of the
concept of average in the given social or scientific contexts. For instance, a higher
number of students could not interpret the meaning of the concept of average in the
given brochure or provided some irrelevant responses in Q4. The reason underlying
such a finding could be the context of Q4 since Gal (2002) and Watson (2006)
stated that interpretation of a statistical concept could not be expected from
students if they did not understand the context of the given question. On the other
hand, in Q5, where students were provided with a bar graph displaying the
preferences of the customers in a hotel, the number of students interpreting the
concept of average through the idea of mode was higher when compared to the
other interpretation questions. This finding indicates the usefulness of the context

of Q5 in interpreting the concept of average as the mode of the given data.

To address the sub question of the present study related to the critical evaluation of
the concept of average in different social or scientific contexts, three questions, Q1,
Q4 and Q5, were analyzed in detail. A general observation in these three questions
was that most of the students could not evaluate the claims related to the concept of
average in social or scientific contexts. Moreover, most of them did not display any
doubt about the given average and either accepted the given average directly or
provided some idiosyncratic responses, which is a finding parallel to that reported
in the study of Ozen (2013), who found that even pre-service teachers could not
evaluate the popular media texts, but either accepted the given information directly

or presented their own opinions.

Another common observation among the three evaluation questions was that there
were some students who tried to evaluate the given average but it was observed

that they made their evaluations focusing on only some values in the given data
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sets. To put it differently, the students did not think of the effect of all the data on
the given average since they did not have any information regarding the
representative nature of the concept of average. In this study, it was observed that
only a few students could begin to understand the representative nature of the
concept of average, which is a consistent finding with that reported in the other
research studies in the literature (Enisoglu, 2014; Mokros & Russell, 1995; Watson
& Moritz, 2000; Ucar & Akdogan, 2009; Yolcu, 2012). If students knew that
average is a summary statistics representing all data in the given contexts (Mokros
& Russell, 1995), they would not concentrate on only some values in the given data
set as the students in the current study but on all of the data to make their

evaluations.

Beyond these common observations in the evaluation questions, it was realized that
the contexts of the questions, that the students were provided, led them to make
different evaluations. Hence, each of these questions is discussed separately in the

following sections.

Firstly, the students were asked two questions, Q1 and Q4, which included an
outlier and so necessitated the use of the median as an appropriate type of average.
While data were presented on bar graphs in Q1, data were displayed on a line graph
in Q4. The purpose of these questions was to reveal whether the students could
critically evaluate that mean is not an appropriate type of average when there is an
outlier in the data. It was expected that graphs can be helpful in realizing the outlier
in the data; however, the finding obtained in this study was similar to the ones
obtained by several researchers (Watson & Callingham, 2003; Watson & Moritz,
1999b). That is, even though the data were presented on bar and line graphs,
students in the current study could not realize the outlier in the given data and so
could not critically evaluate the average in the given social or scientific contexts.
The reason underlying such a result could be that students were not exposed to an
instruction where they discussed the effectiveness of the three measures of central

tendency since several researchers stated that without explicit instruction about the
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effectiveness of different measures of central tendency in various contexts, most
students could not realize their effectiveness themselves and so they could not
reach the higher levels of statistical literacy (Hobden, 2014; Watson, 2006; Watson
& Callingham, 2003; Sharma, 2017). Although it is stressed in the Turkish
curriculum that the focus of the activities should be the effectiveness of the three
measures of central tendency in different situations, the findings of the current
study indicated that students might not be engaged in such activities before.
Furthermore, it was believed that the interpretation question related to the
computation of the concept of average could help students in recognizing the effect
of the outlier in the computation of the mean. However, the findings of the present
study showed that although there are many students stating that average was
calculated through the mean of the given data, they did not feel the necessity of
computing the mean in almost all of the questions. Just in Q4, some students found
the average number of students using the mean algorithm but this did not enable
the students to realize the effect of the outlier in the calculation of the mean. Hence,
this finding supports the view of the above researchers once more that which
measures of central tendency is effective in different situations should be discussed

explicitly with students.

On the other hand, although none of the students could critically evaluate the
average presented in QI and Q4 mentioned above, it was observed that in Q4,
some students gave the signals that they could actually recognize the outlier in the
given data sets. In Q4, where the data were presented on line graphs, most of the
students evaluated the given average by using only a single value in the data sets;
however, that single value which the students focused on was the outlier in the
given data sets. To state it differently, some students could actually recognize the
outlier in the data; however, they did not consider the effect of this outlier on the
given average. Although these students did not show any doubt about the given
average and realized the outlier, the idea of these students in Q4 could be a good

beginning for the discussions regarding the effect of the outlier on the given
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average as suggested by many researchers and also observed in the current study

(Hobden, 2014; Watson, 2006; Watson & Callingham, 2003; Sharma, 2017).

Q5 was another question in which students’ critical evaluations related to the
concept of average was examined, but in this case, there were categorical data
displayed on bar graphs; hence, the mode of the data was the appropriate measure
of average. It was realized that the number of students who could critically evaluate
the given average in Q5 was higher when compared to the number of students
providing a critical evaluation in Q1 and Q4. The findings of the present study
indicated that even though the students did not explicitly say that average should be
the mode of the given data, that is, 3-day packages, they did not agree with the
mentioned average in the context and explained that the most preferred packages
by the customers should be used. Therefore, it can be concluded that the context
provided in Q5 was helpful in the evaluation of the concept of the mode, one of the

three types of the average concept.

Lastly, one of the interesting findings of the current study was that some of the
students could make the above evaluations related to the concept of average but
they had difficulties in defining or interpreting the average concept. As can be
remembered, there were also some students in the current study who could interpret
the average in the given contexts but could not provide a definition. Since they
could evaluate the average concept critically in the given social or scientific
contexts, their statistical literacy levels were determined as Level 5-6, which is the
highest level in the framework of Watson and Callingham (2003). Although it was
stated in the framework that the appropriate usage of terminology is observed at
Level 5, some of the students could not define the concept. Even though the
students could define the concept of average, their answers implied that their
definitions were procedural not conceptual. In other words, students interpret
average as the concept of mean and they know that some numbers are added and
divided by the others; however, they do not know what the obtained value

represent. Therefore, they could not use the average concept in making their
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interpretations or evaluations. Instead, with the help of the context of the questions,
they could either interpret or evaluate the average concept. However, in the
framework, any characteristics indicating that definitions should be conceptual
does not exist. In other words, any definition is accepted in the framework
regardless of procedural or conceptual. Hence, it can be concluded that the
framework needs some modifications indicating that interpretations and
evaluations related to the concept of average should be based on the conceptual

understanding of the students in addition to the use of the context.

To summarize, it was observed that some contexts provided to the students were
useful for the interpretation and evaluation of the concept of average. However,
most of the findings related to the average concept in the present study supported
the idea of Shaugnessy (2007), who stated that instead of concentrating on the
conceptual understanding of the statistical concepts, schools mostly focus on

procedures and computations of these concepts.

In this section, findings related to the average concepts on bar and line graphs were
summarized and discussed. The other concept that this study focused on was
variation. In other words, the current study analyzed the statistical literacy of
seventh grade students in terms of the concept of variation on bar and line graphs
related to the data obtained from social or scientific contexts. Hence, in the next
section the findings of the current study related to the variation concept on line and
bar graphs are discussed in order to address the the two research questions of this

study.
5.2 Students’ Statistical Literacy in terms of The Concept of Variation

One of the aims of the present study was to analyze the statistical literacy of
seventh grade students regarding the concept of variation. In this respect, the
students were asked four different questions related to the concept of variation,

namely Q2, Q3, Q6 and Q7. First of all, the statistical literacy levels of the students
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were determined by an overall analysis of each question. The findings of the
present study revealed that in general, the statistical literacy levels of the students
in the questions related to the concept of variation on bar and line graphs were
determined as Level 1-2. Only in one of the questions related to the line graphs,
most students could reach Level 3-4. In all of the questions including bar and line
graphs, there were not many students reaching the maximum level: Level 5-6. In
other words, most of the seventh grade students had difficulty in interpreting and
critically evaluating the variation concept on bar and line graphs related to the data
obtained from social or scientific contexts. Furthermore, most of the students could

not define the concept of range, which is a measure related to variation.

This finding was consistent with those reported in several research studies in the
literature, indicating that more difficulties were observed in the definition and
evaluation of the statistical concepts when compared to their interpretation among
the students at different grade levels (Watson, 2006; Watson & Callingham, 2003;
Yolcu, 2012). However, the current study revealed that seventh grade students also
had difficulties in interpreting the variation concept on bar and line graphs related
to the data obtained from social or scientific contexts. There might be several
reasons underlying such a finding. One of the reasons can be the curriculum in
Turkey. As stated previously, students can be familiar with the interpretation of
statistical concepts since the Turkish curriculum focuses much on the interpretation
of statistical concepts, but not on their critical evaluation in different social or
scientific contexts. Therefore, difficulties that were observed regarding the
evaluation of the variation concept was an expected finding for the current study.
However, it was revealed that students also showed difficulties in the interpretation
of the concept of variation. This finding indicates that the Turkish curriculum does
not focus on the interpretation of the variation concept as much as it does on the
average concept. Indeed, the only objective related to the interpretation of the
variation concept in the Turkish curriculum is the interpretation of the concept of

range, a measure of variation. There is no objective related to the interpretation of
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the variation concept in a natural context or in a probability and sampling
environment. Hence, such a finding related to the interpretation of the variation

concept is not surprising for the present study.

In the present study, after the students’ statistical literacy levels were determined
for each question, the answers of students to the definition, interpretation and
evaluation questions related to the concept of variation were analyzed in detail to
respond to the sub-question related to the research question of the present study.
The following sections provide discussions of those findings related to this analysis
for the definitions, interpretations and critical evaluations of the concept of

variation.

First of all, when the students’ definitions related to the concept of range in the
current study were analyzed, it was observed that many students could not define
the concept of range regardless of their identified statistical literacy level. This is a
consistent result with the findings of Watson and Kelly (2008), which indicates that
students at different grade levels cannot define various statistical concepts
correctly. However, Yolcu (2012) reached a contradictory finding. In her study,
Yolcu (2012) found that students could define the concept of variation by means of
the range concept and they could define the range correctly. From this finding, she
concluded that students have procedural understanding regarding the concept of
variation since the students in the study of Yolcu (2012) described the variation
concept with a procedure but did not mention any idea related to the change.
However, in the current study, most of the students, even in the higher statistical
literacy levels, could not present a definition of the range concept. This finding can
be an indication of the fact that students’ procedural understanding regarding the
concept of variation was inadequate even though one of the objectives in the sixth
grade is related to the range concept in the Turkish curriculum. The reason
underlying such a finding could be the lack of attention to this objective by the
teacher of the students. If teachers only gave the definition of the concept of range

in the sixth grade but did not discuss with the students what the value, which is
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obtained from the difference of the maximum and minimum values, represents or
when it is useful to use the concept, then the inadeaquacy of the seventh grade

students in the current study in the defining the concept of range is inevitable.

On the other hand, when students’ answers to the question related to the
interpretation of the variation concept was examined to be able to answer the sub-
question, it was realized that the findings did not differ much from the those of the
definition question related to the variation concept. To state it differently, most
students could not interpret the variation in the weather context in Q3. In this
question, students were requested to draw a line graph reflecting the average
temperature of Ankara in the month of April but most of the students did not
provide any graph. Therefore, it was believed that these students could not interpret
the variation in the weather. This was a contradictory finding with that reported in
the study of Watson and Kelly (2005), who observed that students’ performance
was better in graphing variation than other variables that they analyzed in their
study, such as explanation of variation. As such, this finding observed in the
current study could be attributed to the students’ difficulties in drawing line graphs,
which was also observed in the study of Capraro et al. (2005). The current study
showed that students experienced some difficulties in drawing line graphs because,
as can be examined in the graphs of students in Section 4.3.2, there were students
who could interpret the variation in the weather but provided either a bar graph or a
picture consisting of only points just like a scatter plot. This finding supports the
findings of several other research studies in the literature in which it was reported
that students confused different graph types (Baker et al., 2002; Boote & Boote,
2017; Memnun, 2013; Whitaker & Jacobbe, 2017). It was also observed that in this
study, a few students were careful about the name of the axes or title of their graph.
The conclusion that can be made from all of these findings is that it seems that
students in the current study did not deal much with drawing their own graphs but

generally presented graphs prepared by someone else.
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One of the interesting findings obtained from Q3, which was a question related to
the interpretation of the variation concept, was that for some students, the
temperature of a single day was sufficient to be considered as the average
temperature, reflecting the average temperature of the month. On the other hand,
for some others, the temperature of all of the days should be 17 °C, which was the
given average temperature of the month. That is, these students either only showed
the temperature of one of the days as 17 °C or the temperature of all of the days as
17 °C. In either case, their graphs did not reflect any variation in the temperature.
One of the reasons of this finding could be that these students either interpreted the
average concept as representing only one value in the given data sets, or they
interpreted the concept as all of the values in the data should be the same value.
The second interpretation was different from the interpretations in the questions
related to the average. However, it was believed that this reason is not so possible
since in the study of Watson and Kelly (2005), students even at the lowest levels,
could either state the temperature of more than one day or answer the question,
“Are the temperature of all days as 17 C?” with a negative response. Another
possible reason could be that these students did not want to produce a graph but

drew such graphs since they were easy for them.

Furthermore, it was realized that in Q3, a higher number of students interpreted the
concept of average as the maximum value in the given data set as it was observed
in the other average questions since they drew a graph where the maximum
temperature was 17 °C. As previously mentioned, the reason of such a finding
could be students’ lack of conceptual understanding related to the concept of
average as also stated by Cai (2000). If students in the current study could interpret
average as the balance point in a data set, they had the information that there were

also higher values than the average in the given data set.

Obtained from the comparative analysis of the students’ definitions of range and

their interpretations of the concept of variation, the findings indicated that some
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students could define the concept of range or could state that range is a concept
related to the difference; however, they did not know which numbers needed to be
subtracted or whether those numbers were in the data set or not. However, these
students could not show the same performance in the interpretation of the concept
of variation. Parallel to the study of Yolcu (2012), these findings indicated that
these students only had procedural understanding regarding the concept of
variation. In other words, these students only knew how to calculate the range of a
data set, by means of the difference of some numbers, but did not have any idea
related to the what the obtained value represented as several researchers observed
for the concept of average (Konold & Higgins 2003; Mokros & Russell, 1995).
These students do not know that range is a measure of variation that can be used in
making their interpretations. The conclusion that can be obtained from this finding
can be that in schools, teachers focus on the computation of the range concept but
not on its interpretation although the interpretation of the concept of range was one

of the objectives in the Turkish curriculum.

To address the sub-question of the present study related to the critical evaluation of
the variation concept in different social or scientific contexts, three questions, Q2,
Q6 and Q7, were analyzed in detail. A general observation in these three questions
was that a higher number of students could evaluate the variation concept in
comparison situations when compared to the number of students who evaluated the
concept of average; however, only a few students could evaluate the variation in
the question which required the evaluation of the variation concept in a context
different from the comparison situation. In other words, parallel to the study of
Shaugnessy and Pffankuch (2002), graphs were helpful to discover the variation in
the data sets given when there were two data sets, but their benefits were not
observed when there was only one data set. The reason of this finding can be
attributed to the fact that comparing the values in the two data sets could direct the
students to the variations within the data sets. In other words, students might

discover the consistency or inconsistency within the data while analyzing the

228



variation between the data sets. Another reason of this finding could be the context
of the question, Q7, which required the evaluation of the variation concept in a
context different from the comparison situation. The critical evaluation of the
variation concept is not expected from the students in the current study if they did

not understand the given context as also stated by Gal (2004) and Watson (2006).

Another common observation realized in all of the three questions related to the
evaluation of the variation concept was that many students used only a single value
or some values in the given data to make their evaluations, which was also
observed in the studies of several other researchers (Gal et al., 1989; Shaugnessy,
2003b; Watson & Moritz, 1999). These students did not concentrate on all the data
to evaluate the question, just as they did not focus on all the data in the evaluation
of the concept of average. However, Watson (2006) stated that using single or
some values is the beginning for evaluating the concept of variation. Hence, it can
be concluded that students in this study might begin to evaluate the variation in the
data critically since they used a single value or some values in making their

evaluations.

Beyond these general observations in the evaluation questions related to the
variation concept, it was realized that some important findings were obtained in the
present study in the questions related to evaluation of the variation concept in the
comparison of two data sets. Therefore, those findings will be discussed in the

followings sections.

First of all, two questions, Q2 and Q6, required students to evaluate the concept of
variation in the comparison of two data sets. While data were displayed on line
graphs in Q2, the students were presented the data through bar graphs in Q6. It was
realized that the number of students evaluating the variation in the data sets was
higher in Q6 than in Q2. One of the reasons of this finding might be the statement
that indicated the importance of the variation concept in Q6. In the question, it was

stated that the fluctuating wind speed increased the maintenance cost. This
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statement may have directed students to the given graphs and to realize the
variation in the wind speeds. Another reason could be the graph type. Capraro et al.
(2005) stated that students are more familiar with bar graphs. Hence, the familiarity
of students with bar graphs in the current study could enable them to be better at
evaluating the variation concept on bar graphs than on the line graphs. Yet another
reason might be an objective found in the sixth grade in the Turkish curriculum. It
is stated in the objective that students should be able to use the concepts of mean
and range in comparing two graphs, and the graph type used in the comparisons are
the bar graphs. Hence, students’ familiarity with such tasks might enable them to
evaluate the variation in the data sets in Q6. However, it was realized that only one
student mentioned the range in the wind speeds in Q6. The remaining students
expressed the variation in the data qualitatively just like in the description
hierarchy of Reading (2004). In other words, students in the present study did not
use the concept of range when making their evaluations of the variation concept
just as they did not use it in interpretation of the variation. This could be because
students only know how to calculate the range of a data set through the difference
of some numbers, but do not have any idea related to the what the obtained value

represents.

Although a higher number of students could evaluate the variation in the given data
sets in Q6, in other words, there were more students whose statistical literacy level
was determined as Level 5-6, most of the students performed at Level 1-2, which
are the first two levels in the framework of Watson and Callingham (2003) in Q6.
However, in Q2, in which students’ were requested to evaluate the variation in the
scores of the two basketball players, most students’ statistical levels were
determined as Level 3-4. Parallel to the thoughts of Mc Gatha et al. (2002), this
finding could be because of the role of the basketball context in Q2, i.e. students’
familiarity with the basketball game might result in fewer number of idiosyncratic

responses in Q2 and, in turn, few number of students at Level 1-2.
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On the other hand, evaluation questions related to the concept of variation in
comparison of two groups also provided some findings for the concept of average.
Different from the studies related to the comparison of two groups in the literature,
in the present study, students were initially asked to calculate the average of the
two data sets since it was shown in the literature that many students do not use the
average while comparing two data sets (Gal et al., 1989; Shaugnessy, 2003b;
Watson & Moritz, 1999). However, it was observed that even though the average
was asked, students did not use it to make their comparisons; most of them
concentrated on single values in the data. This was a consistent finding with those
reported in many studies in the literature (Gal et al., 1989; Konold & Pollatsek,
2002; Shaugnessy, 2003b; Watson & Moritz, 1999). One of the reasons of this
finding could be that students do not feel the need for using the average to compare
the two data sets as also stated by Gal (2005). Furthermore, parallel to the opinions
of Konold and Pollatsek (2002), this finding could be attributed to the fact that
students do not know the representative nature of the average concept. If students
in the present study had the information that average is a summary statistics

representing all the data, they would use it in comparing two groups.

Differently, although fewer in number, there were some students who used the
average they had calculated in making their comparisons. They calculated either
the sum or mean of the given values as average and made their comparisons using
those averages. However, it was observed that even a 0.1 point difference in the
mean scores of the data sets or 1 point difference in the sum of the scores was very
significant for these students; therefore, they did not direct their attention to the
variation in the data sets. Even though they found the average of the data sets to be
equal, most of them did not evaluate the variation in the data sets to make their
comparisons. Thus, it can be concluded that how much difference is necessary to
regard the found difference as significant and what can be done if the difference in
the average scores is not much should be explicitly discussed with the students.

These discussions can help students to direct their attention to the evaluation of
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variation in the data sets in addition to the evaluation of the concept of average.

Lastly, a similar finding with the average questions was also observed in the
questions related to the evaluation of the variation concept. The findings of the
present study indicated that some of the students could make the above evaluations
related to the concept of variation but they had difficulties in defining or
interpreting the variation concept just like the students who could interpret the
variation in the given contexts but could not provide a definition. Since they could
evaluate the variation concept critically in the given social or scientific contexts,
their statistical literacy levels were determined as Level 5-6, which is the highest
level in the framework of Watson and Callingham (2003). Although it was stated in
the framework that the appropriate usage of terminology is observed at Level 5,
most of the students at either Level 5 or Level 6 could not define the concept of
range. Even if students could define the range, their answers implied that their
definitions are procedural not conceptual. In other words, students know that range
1s the difference between the maximum and minimum value in a data set; however,
they do not know what the obtained value represent. Therefore, they could not use
the range concept in making their interpretations or evaluations. Instead, with the
help of the context of the questions and graphs, they could either interpret or
evaluate the variation concept. However, in the framework, any characteristic
indicating that definitions should be conceptual does not exist. In other words, any
definition is accepted in the framework regardless of whether it is procedural or
conceptual. Hence, it can be concluded that the framework needs some
modifications indicating that interpretations and evaluations related to the concept
of variation should be based on the conceptual understanding of the students in

addition to the use of the context.

To summarize, it was observed that the comparison of two groups were useful for
students to evaluate the concept of variation critically in social or scientific
contexts. However, findings related to the variation concept in the present study

supported the idea of Shaughnessy (2007) once more: Schools mostly focus on
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procedures and computations of statistical concepts instead of concentrating on

students’ conceptual understanding of them.

In the next section, some implications for stakeholders are presented based on the

findings of the current study.
5.3 Implications

In the current study, the statistical literacy of seventh grade students in terms of the
concepts of “average” and ‘“variation” on bar and line graphs related to the data
obtained from social or scientific contexts were examined. In this section, some
possible implications for teachers, textbook writers, teacher educators and

curriculum developers are presented based on the findings of this study.

Statistical literacy is an ability that schools are expected to equip students with;
however, this study revealed that there were not many seventh grade students
reaching the higher levels of statistical literacy in the framework of Watson and
Callingam (2003) regarding the concepts of average and variation on bar and line
graphs related to the data obtained from social or scientific contexts. More
specifically, it was observed that students had difficulties in defining, interpreting
and evaluating the concepts of average and variation. Actually, there were students
who could present a definition for both of the two concepts but their definitions
were procedural, not conceptual. In other words, they could provide the definitions
of mean or range; however, they did not know what these measures represent
related to the data presented to them. When such was the case, they could not use
their definitions in the process of interpreting and evaluating the average or
variation concepts in different social or scientific contexts. This could be because
teachers and textbooks merely give the definitions of the concepts and focus solely
on the calculations by giving data sets without any context. Hence, teachers could
focus more on the context and can use and develop tasks like those given in the

current study to enhance the interpretation and evaluation of the average and
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variation concepts in different contexts rather than giving students the definitions
of the average and variation concepts directly. Similarly, textbook writers should
not give the definition of the average and variation concepts directly but include
questions with different contexts where students need to make interpretations and
evaluations of the average and variation concepts. In this way, students’
understanding of definitions of the related concepts will also be improved since as
Watson (2006) stated, students’ understanding of definitions develop as they apply
the definitions in various contexts. In other words, teachers and textbook writers
could use contextual questions to teach definition, interpretation and evaluation of

the average and variation concept together but not separately.

The findings of the present study related to the concept of average revealed that a
higher number of students could evaluate the average concept critically when the
mode is the appropriate type of average; that is, when there is a categorical data.
Hence, teachers can start by making use of the contexts including categorical data
for critical evaluation of the average concept. In this way, students begin to attain a
critical attitude to the statistical messages in the given contexts. They can start to
learn that statistical messages presented to them are not always correct but
sometimes could mislead them (Gal, 2004). Then, teachers can use contexts where
the median is the appropriate type of average in which students have more
difficulties in making critical evaluations, which was shown by several studies
including the current study (Watson & Callingham, 2003; Watson & Moritz,
1999b).

On the other hand, findings related to the variation concept indicated that more
students could critically evaluate the variation in comparing two groups when
compared to the number of students who critically evaluated the concept of average
in different social or scientific contexts. In the question that did not include a
comparison situation, most of the students used a single value or some values,
which implies that students in the present study begin to evaluate the concept of

variation critically as stated by Watson (2006). To state it differently, it was found
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that many seventh grade students began to realize variation in the given data sets
especially in the contexts which are familiar to them such as basketball. Therefore,
teachers could begin their instructions by using the tasks which involve familiar
contexts to the students and which attract students’ attention to the variation in the
given data sets. After students feel the need to calculate a summary statistics in the
enviroment where varying data values exist, which was stated by means of a
context of noisy enviroment by Konold and Pollatsek (2002), teachers could direct
students’ attention to the concept of average. In other words, the teaching of the
mean, mode and median concepts can might be delayed until the concept of
variation is understood completely by students as also suggested by Bakker and

Frederickson (2005).

English (2013) stated that statistical literacy is not an ability that is attained
quickly, but needs a very long time to develop; teaching to raise statistical literate
individuals should start from the early years of schooling. In line with the findings
of the current study and as suggested by English (2013), curricula can be modified
to raise statistically literate individuals. As previously stated, not many objectives
exist regarding the critical evaluation of statistical concepts in the Turkish
curriculum, but rather, interpretation of statistical concepts has a significant place
in the curriculum. So as to make critical evaluation of the statistical concept in the
classrooms more explicit, some objectives can be added to the curriculum, such
that students should be able to critically evaluate the variation in the data sets
which are provided to the students in different real life contexts. Furthermore, only
two objectives related to the concept of variation exist in the middle school
mathematics curriculum in Turkey and they were related to the concept of range.
However, Watson et al. (2009) observed that with the use of appropriate tasks,
even first grade students could realize the variation in the data sets, which is the
reason underlying the calculation of an average (Shaugnessy, 2007). Furthermore,
Watson and Moritz (1999) stated that comparison activities were very motivating

for students and these kinds of activities should begin from the third grade. If
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students become engaged in activities where they can appreciate the variation
beginning from their early years in the school, they might feel that a summary

statistics, an average, is necessary when they get to middle school.

On the other hand, Watson et al. (2014) expressed that curriculum documents play
a significant role in students’ ability to interpret the average concept as the concept
of mean since average is still understood as the concept of mean in many curricula.
The findings reported by Watson et al. (2014) were clearly observed in the Turkish
curriculum since the objective 7.4.1.2 states that “Students should be able to find
and interpret the average, median and mode of a data set.” It was also asserted that
the effectiveness of these three concepts should be discussed in different real life
contexts (MoNE, 2018, p.70). To put it differently, the curriculum did not state the
concepts of mean, median and mode as the three average types but used the
concept of average instead of the concept of mean. This might be the possible
reason underlying some findings obtained in the current study. Hence, this
objective can be modified so that anyone reading the objective should be able to
understand clearly that mean, median and mode are the three different types of the

concept of average.

Lastly, the findings of the present study provide some implications for teacher
educators. With the SLT prepared, pre-service teachers’ statistical literacy related
to the concepts of average and variation can be examined, and similar tasks in the
test can be used in methodology courses. Hence, pre-service teachers attain
familiarity to such tasks and then they might use similar tasks in their classrooms

when they become teachers to raise statistically literate students.

In this section, some implications of the present study for teachers, teacher
educators and curriculum developers were presented. The following section

presents some recommendations for further research studies.
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5.4 Recommendations for Further Research Studies

The present study focused on the seventh grade students’ statistical literacy in
terms of the concepts of “average” and “variation” on bar and line graphs related to
the data obtained from social or scientific contexts. Some recommendations for

further research studies can be suggested grounded on the findings of this study.

To begin with, the participants of the current study were selected by means of the
convenience sampling method, which included 164 7" grade students in two
different public schools in Ankara. Similar studies, in which the random sampling
method is used, could be conducted so as to generalize findings of the study to the
other seventh grade students. Furthermore, it can be useful to conduct longitudinal
studies to examine whether or not the statistical literacy of students in terms of the
concepts of average and variation on bar and line graphs related to the data
obtained from social or scientific contexts develop over time. Moreover, private
school students’ statistical literacy related to the concepts of average and variation
can be examined, which can reveal the role of different school types on statistical

literacy levels of the students.

On the other hand, the findings of the present study were limited with the questions
in SLT. More research could be conducted with some different tests or SLT can be
developed further with the inclusion of different contexts or different graph types.
Moreover, the questions related to the interpretation of the variation concept were
limited in number and many students could not provide a graph. Hence, it can be
advised that SLT can be developed further by inclusion of the interpretation
questions related to the concept of variation as in the study of Watson and Kelly
(2005). In addition, asking for the definition of the concept of variation directly
instead of the definition of range can be suggested. Findings of such a study can
reveal whether or not students have the information that variation is a concept
related to the change in the data sets. It can also show students’ own

understandings, which in turn, can help the teaching of the variation concept.
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Besides, interviews can be useful to make a more in-depth analysis of the thinking
processes of the students. Through interviews, how students interpret and evaluate
the concepts of average and variation can be examined in more detail and the
findings of such a study can reveal the possible factors in students’ inadequacy in
the interpretation and evaluation of the average and variation concepts. Moreover,
in the current study, it was decided that many students could not appreciate
variation to a given average since they did not provide any graph. In the interviews,
students might be requested to try to draw a graph giving more and then students’
interpretation of variation could be examined. Furthermore, in the interviews,
students might be requested to compare their definitions with their interpretations
which in turn could provide students to realize the inconsistency between their

definitions and interpretations.

Finally, some recommendations can be made related to the framework used for
data analysis in the current study. The findings of the present study revealed that
students do not make their interpretations or evaluations using their conceptual
understanding related to definitions of the average and variation concepts. To put it
differently, students just know how to calculate the mean and range of a data set
but they do not know why they calculate these values. Therefore, they could not
use the mean or range concept in making their interpretations or evaluations.
Instead, with the help of the context of the questions, they could either interpret or
evaluate the average and variation concepts. However, in the framework, any
characteristic indicating that definitions should be conceptual does not exist. In
other words, any definition is accepted in the framework regardless of whether it is
procedural or conceptual. Hence, it can be concluded that the framework needs
some modifications indicating that interpretations and evaluations related to the
concepts of average and variation should be based on the conceptual understanding
of the students related to the definitions of the average and variation concepts in

addition to the use of the context.
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C. STATISTICAL LITERACY TEST

ISTATISTIKSEL OKURYAZARLIK TESTI
Soru 1:

_ISDUNYASI

Ortalama Maas 4300 Tiirk Lirasi!

Kisl BASINA Personel Maaglari

DOSEN
OCRET

16200
15600
15000
14400
13800
13200
12600
12000
11400

I nsaat sektérinde

hizmet veren
InsaSAN sirketi
calisanlarina
yandaki veriler
dogrultusunda
ortalama 4300 TL
maas verdiklerini
belirtti.

Birim A B c D Yonetici
Birimde
Calisan
Personel 25 9 10 8 8
Sayisi
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a) Yukaridaki haberde gecen ortalama kelimesinden ne anliyorsunuz?

b) Yukaridaki haberde gecen ortalama maas nasil hesaplanmistir? Cevabinizi
acik bir sekilde belirtiniz.

c) Suan 2900 TL maas aldiginiz bir iste galistiginizi varsayiniz. Haberdeki is
yerinde herhangi bir birime yerlestirilecek olsaniz verilen grafigi ve
ortalama maasi gbz 6niine alarak su anki isinizi birakip bu is yerinde
¢alismak ister misiniz?

Evet / Hayir

o Bukarara nasil ulastiniz? Cevabinizi agik bir sekilde belirtiniz.

d) Matematikte kullandiginiz “Ortalama” kelimesini kendi cimleleriniz ile
tanimlayiniz. Ortalama kavrami ile ilgili bir 6rnek veriniz.
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Soru 2:

Yildiz Milli Kadin Basketbol takimi antrenori final maginda oynayacak
oyunculari se¢gmek icin her bir oyuncunun son 10 vyildaki final
maclarinda takimlari icin attiklari sayilari incelemektedir. Asagidaki
grafik antrendriin segmek de kararsiz kaldigi iki oyuncunun attiklar
sayllari gostermektedir.

Atis Sayis! Oyuncularin Atis Sayilari

oA
8

7

0 >  villar
2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018

—@— Elif —8— Naz
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a) Her iki oyuncunun son 10 yilda final maglarindaki ortalama atis sayilarini
bulunuz. Her iki oyuncu igin nasil buldugunuzu goésteriniz.

Elif'in ortalama atis sayisi :

Naz’in ortalama atis sayisi:

b) Antrendr final magi igin Naz'i segme karari almigtir. Antrenériin bu kararina
katihyor musunuz?

Evet / Hayir

o Busonuca nasil ulastiniz? Cevabinizi agik bir sekilde belirtiniz.
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Soru 3:

“Meteorolojiden alinan verilere gére Nisan ayi ortalama sicakhgl yaklasik 17
derecedir.” Bu haberi mansetinde kullanacak olan bir gazeteci haberini bir grafikle
desteklemek istiyor.

a) Gazetecinin haberinde kullanabilecegi bir ¢izgi grafigi ¢iziniz.

Nisan Nisan

b) Yukarida gizdiginiz grafigi haberde verilen ortalama sicakligi g6z dniinde
bulundurarak yorumlayiniz.

c) Matematikte kullandiginiz “agiklik” kelimesini tanimlayiniz.
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- 102 ogrencimiz Eyliil ayindaki

_ yabanci dil sinavinda en yiiksek
puani aldi. Son 5 yildaki
ortalamamiz 42 6grenci! Siz de
gelin basarin!

2013-2017 Yillari Arasinda Eylul Ayinda En Yiksek

Ogrenci Sayisi
108
104
100
96
92
88
84
80
76
72
68
64
60
56
52
48
44
40
36
32
28 24
24

A

26

Puan Alan Ogrenci Sayilar

102

30
28

20
2012 2013 2014

»  VYillar
2015 2016 2017
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a) Brosirde gecen ortalama kelimesinden ne anliyorsunuz?

b) Sizce brosirde belirtilen ortalama 6grenci sayisi nasil
hesaplanmistir? Cevabinizi agik bir sekilde ifade ediniz.

c) Su anki kursunuzda yilda ortalama 30 68rencinin en yuksek
puani aldigini biliyorsunuz. Her iki kurstan da belirtilen yillarda
esit sayida 6grencinin sinava katildigini biliyorsaniz, brosuri
g0z 6nune alarak simdiki kursunuzdan ayrilip bu kursa kayit
olmayi dislinir mustntz?

Evet / Hayir

o Bukarara nasil ulastiniz? Cevabinizi agik bir sekilde belirtiniz.
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Soru 5:

gbre muSt@rilerimiz ortalama 5 gun tatil yapm

ustur.

lasirken...

i nelerdir? Bu paketlerin igerigini neye gore belirliyorsunuz?

Bu arastirmanin sonuglarina gore
drnegin, bir otelimizin gegen yilin veril

apma kararl aldik.

Paketlere Gore Otelde Konaklayan Miisteri Sayisi

Miisteri Sayisi

- 280
270
260
250
240
230
220
210
200
190
180
170
160
150
140
130
120

>

J I I l L Paketler

3 Gunlik 5 Gunlik 7 Gunlik 10 Gunluk 15 Ginlik
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ini gbsteren bir grafik su an elimde. Bu grafige
u sebepten dolayi bu yil 5 gunluk paketleri- en

inde otellere sahip olan Metin Mutlu ile yapilan

R |\ O



a) Sizce Metin Bey roportajda gecen 5 gilinliik ortalamayi grafikteki
verileri goz 6nline alarak nasil hesaplamistir? Cevabinizi agik bir
sekilde ifade ediniz.

b) Verilen grafigi goz 6niine alarak Metin Bey’in 5 glinlik paketleri
en fazla yapma kararina katiliyor musunuz?

Evet / Hayir

o Busonuca nasil ulastiniz? Cevabinizi agik bir sekilde belirtiniz.
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Soru 6:

| Bandirma ve Amasra Bolgesinin 7 Ay Boyunca Aldigi

Ortalama Riizgar Ortalama Riizgar Hizlan
Hizi(km/sa)
39
38
37
36
35
34

33
32
31
30

29

28
27 W Amasra
26
25
24 M Bandirma
23
\ 22
21
20
19
18
17
16
15
14
13
12
11
10 Aylar

Mart Nisan Mayis Haziran Temmuz Agustos Eylul
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a) Her iki bolgenin belirtilen aylarda aldigi riizgar hizlarinin ortalamasini
bulunuz. Her iki bélge igin nasil buldugunuzu gosteriniz.

Amasra Bolgesinin ortalama riizgar hizi:

Bandirma Bdlgesinin ortalama riizgar hizi:

b) Sirket yoneticileri Amasra bdlgesine santral kurma karari almigtir. Eger
rdzgar hizinin dalgali olmasinin bakim maliyetlerini artirdig bilgisi g6z
online alinirsa sizce sirketin aldigi karar uygun mudur?

Evet / Hayir

o Busonuca nasil ulastiniz? Cevabinizi agik bir sekilde belirtiniz.
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Soru 7:

Ankara Soforler Odasi fabrika servis hizlarinin
saatte ortalama 70 km olmasi gerektigini
belirlemis olup hiz limitine uymayan soférlere
cezai islem uygulanacagini bildirmistir.

Asagidaki grafik bir servisin glinlin belirli saatlerinde 6l¢tlen hizini
gostermektedir.

Servisin Hizi
Hiz(km/sa)

110 4

50 » Zaman
08:00 10:00 12:00 14:00 16:00 18:00 20:00
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Sofdrler odasi bu grafige dayanarak servisin hizi konusunda bir sorun
olmadigini diisiinerek sofore herhangi bir cezai islem uygulamamistir.
Dernegin aldigi karara katiliyor musunuz?

Evet / Hayir

o Busonuca nasil ulastiniz? Cevabinizi agik bir sekilde belirtiniz.
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D. TURKISH SUMMARY/TURKCE OZET

YEDINCI SINIF OGRENCILERININ
ORTALAMA VE DEGISIM KAVRAMLARI iLE ILGILI ISTATISTIKSEL
OKURYAZARLIKLARININ SUTUN VE CiZGi GRAFIGINDE
INCELENMESI

Giris

Istatistik egitimi ile ilgili ilkeler ve dlgme raporu (GAISE,2005), ulasilacak ana
hedefin istatistiksel okuryazarlik oldugunu belirtmistir. Bu rapora gore amag;
ogrencilerin liseden vatandaglik, istihdam, aile gereksinimleri ile basa ¢ikmak ve
saglikli, mutlu ve iiretken bir hayata sahip olmak icin yeterli istatistiksel akil
yiirlitme becerisine sahip olmalarini saglamaktir (GAISE, 2005). Diger bir deyisle,
GAISE (2005) okullarin bir amacmin da istatistiksel okuryazar olan bireyler

yetistirmek olmasi gerektigini dile getirmistir.

Giinlik yasamda bireylerin saglik, egitim, politika gibi bircok alanda karar
vermeleri gerekmektedir (Halpern, 1997). Insanlar bu alanlarda yiizdeler, cesitli
grafik tiirleri, ortalamalar ve olasiliklar ile karsilasmaktadir (Wallman, 1993). Bir
baska deyisle, bireyler giinliik yasamlarinda istatistiksel bilgi ile karsilagirlar ve
bilgili bir vatandasin bu bilgileri anlayip sonrasinda bu bilgiyi kullanarak cesitli
kararlar almas1 gerekmektedir (Towsend, 2006; Wallman, 1993). Fakat giinliik
yasamda veya medyada karsilagilan istatistiksel mesajlar 6n yargi veya oznellik
icerebilir (Gal, 2004). Baz1 istatistiksel bilgiler reklamlara, arglimanlara veya
Onerilere sadece onlar1 biraz daha giivenilir kilmak icin eklenebilir (Ben-Zvi &
Garfield, 2004) ve bu istatistiksel bilgiler genellikle sunulan reklamlarin veya

arglimanlarin sahipleri tarafindan hazirlanir (Shield, 1999). Bu sebeple bireylerin
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sunulan istatistiksel bilgileri anlamasinin yaninda 6n yargi igeren veya yanlis
yonlendiren istatistiksel mesajlar1 elestirel bir sekilde degerlendirebilmeleri

gerekmektedir (Gal, 2004; Watson, 2006).

Rumsey (2002) ise istatiksel okuryazarligin bireylere sunulan bilgileri elestirel bir
sekilde degerlendirebilmek icin gerekli oldugunu belirtmistir. Buna paralel olarak,
Gal (2002) istatistiksel okuryazarligin bilgi toplumunda yasayan bireyler icin kilit
bir beceri oldugunu dile getirmistir. Dahasi, istatistiksel okuryazarlik ¢ocuklarin
21. ylizyilda karar verebilmesi i¢in gereklidir ¢iinkii cocuklar ¢esitli veri temsilleri
ile kolayca yanlis sekilde bilgilendirilebilir (Watson & English, 2015).

Onceden belirtildigi iizere, istatistiksel okuryazarlik okulda elde edinilmesi
beklenen bir beceridir (GAISE, 2005; Gal, 2002; Ben-Zvi & Garfield, 2004).
Dolayistyla farkli tilkelerdeki bir ¢gok 6gretim programu istatistiksel okuryazarligin
onemini vurgulamis, istatistik ve olasilik kavramlarmi 6gretim programlarinin
icerisine dahil etmistir. Ornegin, NCTM (National Council of Teachers of
Mathematics, 2000) ogrencilerin karar vermede Onem arz eden istatistiksel
yontemleri anlamalar1 gerektigini belirterek istatistiksel okuryazarlifin 6nemine
deginmistir. Avustralya Egitim Konseyi (1991) istatistiksel okuryazar olan bireyler
yetistirmek i¢in sansin sosyal hayattaki kullanimini anlama, agiklama ve istatistigin
giinliik yasamimiza olan etkilerini anlama kazanimlarini 6gretim programlarina
eklemistir. Benzer sekilde iilkemizdeki matematik 6gretim programinda yer alan
bes 6grenme alanindan biri veri islemedir. Bu 6grenme alani arastirma sorusu
olusturmak, verilerin temsili, merkezi egilim ve yayilim Oolgiileri gibi temel
konular1 kapsamaktadir. Diger iilkelerdeki 6gretim programlar1 gibi Tiirkiye’deki
matematik Ogretim programi da hesaplanan istatistiksel degerleri gergek hayat
durumlarinda yorumlamaya ve var olan istatistiksel bilgiye gore karar verebilmeye

onem vermistir (MONE, 2018).

Ogretim programlarinin yaninda istatistiksel okuryazarlik yaklasik 20 yildir énemli

bir arastirma konusu haline gelmistir. Alanda 6ncii olan aragtirmacilardan biri olan
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Watson (1997) istatistiksel okuryazarligi iic asamali hiyerarsik bir yapi olarak
tanimlamigtir. Bu asamalarin ilki istatistik ve olasilik alanindaki temel
terminolojiyi anlamaktir. Ikinci asama ise istatistik ve olasilik ile ilgili olan
kavramlar1 anlayip farkli baglamlarda yorumlayabilmeyi igerir. Son asamada ise
istatistiksel okuryazar olan bir birey ger¢ek yasamda karsilagtigr iddialar elestirel
olarak degerlendirebilmelidir. Yani, Watson (1997) i¢in istatistiksel okuryazarlik
bireylerin gercek yasamlarinda karsilastiklar1 istatistiksel mesajlar1 anlayabilme,
yorumlayabilme ve elestirel bir sekilde degerlendirebilme becerisidir. Sonraki
yillarda Watson ve arkadaslar1 tarafindan bu {i¢ asamali yap1 kullanilarak bir¢ok
arastirma yapilmistir (Watson & Moritz, 1999, 2000, 2000b; Watson &
Callingham, 2003). Yapilan calismalarin sonuglarina gére, Watson 2006 yilinda
istatistiksel okuryazarligin ana bilesenlerini gosteren bir model gelistirmistir. Yedi
bolimden meydana gelen bu modeldeki boliimlerden biri veri ve sans konularini
iceren bolimdiir. Bu bolim veri toplama, sans, ortalama ve ¢ikarim gibi alt
bilesenlerden olusur. Bu bilesenin yaninda farkli aragtirmacilar tarafindan da 6nemi
siklikla belirtilen bir bilesen bulunmaktadir (Cobb & Moore, 1997; Ben Zvi, 2004).
Bu, degisim bilesenidir. Cobb and Moore (1997) istatistige ihtiya¢c duyulmasinin
sebebinin bu bilesenin yani degisim bileseninin var olmast olduguna inanmaktadir.
Ayrica Konold ve Higgins (2003) ortalamay1 giiriiltiilii bir ortamda bulunan sinyal
olarak nitelendirmektedir. Giirliltii kelimesi ile ortamda bulunan degisimden
bahsedilmektedir (Konold & Higgins, 2003). Watson (2006)’1n modelinde bulunan
ortalama ve degisim kavramlar1 Tirkiye’de ortaokul matematik &gretim
programinda yer alan iki 6dnemli konudur. Bu sebeple, bu ¢aligmada ortalama ve

degisim kavramlarina odaklanilacaktir.

Literatiirde Ogrencilerin ortalama ve yayilim kavramlarini anlayislari tizerine
yapilan cesitli calismalar bulunmaktadir (Mokros & Russel, 1995; Watson &
Moritz, 2000, Ucar & Akdogan, 2009; Shaugnessy & Ciancetta, 2002; Watson,
Kelly, Callingham & Shaugnessy, 2003). Ortalama kavrami ile ilgili olan

caligmalar, G6grencilerin ortalama kavramini tanimlamada zorluk yasadiklarini
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(Watson & Moritz, 2000), ortalamayi veriyi temsil eden bir deger olarak
goremediklerini (Mokros &Russell, 1995), iki veri grubunu karsilastirmada
kullanamadiklarin1 (Gal, Rotschild & Wagner, 1989; Watson &Moritz,1999)
gostermistir. Degisim kavramu ile ilgili yapilan ¢aligmalarin sonuglari da herhangi
bir farklilik gostermemistir. Cogu 6grencinin degisim kavramini tanimlama ve
yorumlamada zorluk c¢ektigi (Watson & Kelly, 2008), ortalama kavrami gibi
degisim kavramin1 da iki grubu karsilastirirken kullanmadigi goriilmiistiir
(Shaugnessy, 2003b). Ote yandan, Shaugnessy ve Pfannkuch (2002) &grencilerin
tablo halinde sunulan bir verinin grafigini ¢izdiklerinde, verideki degisimi fark
edebildiklerini gozlemlemistir. Benzer sekilde, Bright ve Friel (1998) grafiklerin
ogrencilerin sunulan verileri yorumlayabilmelerinde etkili oldugunu belirtmistir.
Ayrica, grafiklerin ortalama kavraminin yorumlanmas: iizerinde etkisi olabilir
(Enisoglu, 2014). Farkli bir deyisle, grafikler ortalama ve degisim kavramlarinin

yorumlanmasi iizerinde etkili bir role sahip olabilir.

Ayn1 zamanda, Watson, Chick ve Callingham (2014) her gercek yasam baglaminin
ogrencilerin ortalama kavramini anlayislar1 {izerinde ayni etkiyi dogurmadigini
gozlemlemistir. Calismalarinda, hava durumu ile ilgili olan bir baglamda
ogrencilerin ortalamay1 havadaki degisimi de goz Oniine alarak kolayca
yorumlayabilmelerine ragmen ev fiyatlarinin ortalamasini yorumlarken zorluk
yasadiklarin1 gozlemlemislerdir. Benzer sekilde, McGatha, Cobb ve Mc Clain
(2002) ¢ogu 6grencinin hava durumu ile ilgili bir baglamda verideki degisimi fark
ettigini gozlemlerken basketbol ile ilgili bir baglamda 6grencilerden sadece bir
kacinin degisimi fark edebildigini gézlemlemistir. Diger bir deyisle, 6grencilerin
ortalama ve degisim kavramlart ile ilgili anlayislarin1 farkli gercek yasam
durumlarinda incelemek onemlidir ¢iinkii yukaridaki yazarlarin bahsettigi gibi

farkli gercek yasam durumlari farkli sonuglarin bulunmasina olanak saglayabilir.

Yukarida agiklanan sebepler dolayisiyla bu ¢aligmanin amaci ortaokul yedinci sinif

ogrencilerinin  ortalama ve degisim kavramlarn1 ile ilgili istatistiksel
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okuryazarliklarin1 grafik temsilleri ile farkli gercek yasam durumlarinda
incelemektir. Ortaokul matematik Ogretim programinda yer alan iki grubu
karsilastirmada aritmetik ortalama ve ag¢ikligi kullanir kazanimi dogrultusunda
ogrencilerin ortalama ve degisim kavramu ile ilgili istatistiksel okuryazarliklari,

karsilagtirma gereken durumlarda da incelenecektir.

Ogrencilerin yedinci smifa kadar 6grendikleri grafik temsilleri siitun, ¢izgi ve daire
grafikleridir. Siitun ve ¢izgi grafiklerinin iki veri grubunu karsilastirmay1 gerektiren
durumlar i¢in uygun grafik temsilleri olduklar1 disiiniilmesi sebebiyle bu
calismanin amaci yedinci sinif dgrencilerinin ortalama ve degisim kavramlari ile

ilgili istatistiksel okuryazarliklarin siitiin ve ¢izgi grafikleri iizerinde incelemektir.
Calismanin Amaci

Bu caligmanin amaci ortaokul yedinci sinif &grencilerinin ortalama ve degisim
kavramlari ile ilgili istatistiksel okuryazarliklarini siitun ve ¢izgi grafiginde sosyal
veya bilimsel baglamlarda sunulan veriler kullanarak incelemektir. Bu baglamda,
bu calisma yedinci simif 6grencilerinin ortalama ve degisim kavramlart ile ilgili
istatistiksel okuryazarlik seviyelerini siitun ve ¢izgi grafiginde sosyal veya bilimsel
baglamlarda sunulan veriler kullanarak belirlemeyi ve farkli istatistiksel
okuryazarlik seviyelerine sahip 6grencilerin ortalama ve degisim kavramlar ile

ilgili tanimlarini, yorumlarini ve degerlendirmelerini arastirmay1 amaglamaktadir.
Onemli Terimlerin Tanimlari

Ortalama: Ortalama birgok sayiyr temsil eden bir sayr veya Ol¢li olarak

tanimlanmistir (Van de Wall, 2013).

Bu c¢alismada ortalama kavrami siitun ve ¢izgi grafiginde sosyal veya bilimsel

baglamlarda sunulan verileri temsil eden bir dl¢iiyii ifade etmektedir.

Degisim: Degisim kavrami degisimin tasviri veya Olcilisii olarak tanimlanmustir.

(Reading & Shaugnessy, 2004, p.202).
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Bu c¢alismada, degisim kavrami siitun ve c¢izgi grafiginde sosyal veya bilimsel

baglamlarda sunulan verilerdeki degisimi temsil eden Sl¢iiyii ifade etmektedir.

Siitun Grafigi: Degiskenlerin sayisal degerlerinin yiiksekliginin veya uzunlugunun
esit genislige sahip dikdortgenler ile temsil edildigi diyagramdir (Oxford American
Dictionary, 2006, p. 66).

Cizgi Grafigi: Iki siirekli veri arasindaki iliskinin iki noktay1 birlestiren cizgilerle

gosterildigi temsil tiiriidiir.

Sosyal veya Bilimsel Baglam: Sosyal veya bilimsel baglam gazete, arastirma
raporlari, brosiir, dergi gibi glinlik hayatta 6zellikle medyada karsilagilan yazili
kaynaklardir. Bu caligma sosyal baglam olarak genellikle arastirmaci tarafindan
hazirlanan gazeteler, brosiirler ve dergiler icerirken bilimsel baglam olarak yine

arastirmaci tarafindan hazirlanan bazi arastirma sonuglarini igermektedir.
Yontem
Calisma Deseni

Fraenken ve Wallen (2006) bir popiilasyonun beceri veya bilgi gibi belirli
yonlerinin veya Ozelliklerinin betimlenmesinde tarama tipi arastirma ¢alismalarinin
olduk¢a faydali oldugunu belirtmistir. Bu dogrultuda, yedinci simif 6grencilerinin
istatistiksel okuryazarliklarini incelemek amaciyla tarama tipi arastirma deseni
kullanilmistir. Ayrintili olarak bu calisma segilen drneklemden gerekli veriyi tek
seferde toplamayr gerektirdiginden arastirmanin deseni kesitsel tarama olarak
belirlenmistir. Ogrencilerin testteki sorulara sunduklari cevaplar ogrencilerin
ortalama ve degisim kavramlarn ile ilgili tamimlari, yorumlar1 ve

degerlendirmelerini belirlemek amaciyla derinlemesine incelenmistir.
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Katihimcilar

Bu calismada 6rneklem uygun 6rnekleme yontemi kullanilarak belirlenmistir. Bu
baglamda caligmanin orneklemini 2017-2018 &gretim yilinda Ankara’nin Akyurt
ve Cankaya il¢esinde iki devlet okulunda 6grenim goren 164 (82 kiz ve 82 erkek)

7. sinif 6grencisi olugturmaktadir.
Veri Toplama Araci

Calismanin verileri arastirmaci tarafindan hazirlanan Istatistiksel Okuryazarlik

Testi (I0T) ile toplanmistir.
Istatistiksel Okuryazarhk Testi

Yedinci sinif dgrencilerinin ortalama ve degisim kavramalar ile ilgili istatistiksel
okuryazarliklarin1  incelemek amaciyla arastirmaci tarafindan Istatistiksel
Okuryazarhik Testi (IOT) hazirlanmstir. Olgegin maddeleri hazirlanirken Milli
Egitim Bakanligi (MEB) Ortaokul Matematik Dersi Ogretim Programi’nda yer alan
ortalama ve degisim kavramlar1 ve siitun ve ¢izgi grafigi ile ilgili kazanimlar g6z
onlinde bulundurulmustur. Ayrica Watson’in 3 hiyerarsik adimdan olusan
istatistiksel okuryazarlik teorik cergevesi sorularin hazirlanmasinda gbéz Oniine
alinmistir. Bu baglamda, ortalama ve degisim kavramlarinin tanimlanmasi,
yorumlanmasi ve degerlendirilmesi hakkinda sorular hazirlanmistir. Hazirlanan
olgek 46 8. smf Ogrencisiyle yapilan pilot c¢aligma sonucunda tekrar
diizenlenmistir. Son durumda, IOT 7 acik uglu sorudan olusmaktadir. Bu
sorulardan ikisi alan yazinindan adapte edilirken, digerleri arastirmaci tarafindan
hazirlanmistir. Ayrica asil calismanin  katilimcilarindan rastgele secilen 82
ogrencinin cevaplart alaninda uzman iki kisi tarafindan degerlendirilerek
sonuglarin giivenilirligi test edilmistir. Cronbach alpha giivenilirlik katsayis1 .92

olarak bulunmustur.

274



Verilerin Analizi

Bu caligmanin amaci ortaokul yedinci sinif &grencilerinin ortalama ve degisim
kavramlari ile ilgili istatistiksel okuryazarliklarini siitun ve ¢izgi grafiginde sosyal
veya bilimsel baglamlarda sunulan veriler kullanarak incelemektir. Bu baglamda,
bu calisma yedinci siif 6grencilerinin ortalama ve degisim kavramlart ile ilgili
istatistiksel okuryazarlik seviyelerini siitun ve ¢izgi grafiginde sosyal veya bilimsel
baglamlarda sunulan veriler kullanarak belirlemeyi amaglamaktadir. Ogrencilerin
istatistiksel okuryazarlik seviyelerini belirleyebilmek i¢in Watson ve Callingham’in
2003 yilinda Watson (1997)’in i asamali hiyerarsik yapisini genisleterek
olusturduklart 6 seviyeden olusan istatistiksel okuryazarlik teorik c¢ercevesi
kullanilmistir. Bu ¢ergeve Watson’in (2006) modelinde bahsettigi tiim bilesenler ile
ilgilidir. Diger bir deyisle, ¢er¢evedeki her bir seviye, 0grencilerin veri toplama,
veri temsili ve ortalama kavramlar1 ile ilgili sahip olduklar istatistiksel
okuryazarlik 6zelliklerinden bahsetmektedir. Bu calisma sadece ortalama ve
degisim kavramlari ile ilgili oldugundan 6ncelikle 6grencilerin ortalama ve degisim
kavramlar1 ile ilgili sahip oldugu Ozellikler teorik c¢ergeve incelenerek
belirlenmistir. Belirlenen 6zellikler 6grencilerin cevaplarini incelemek icin faydali
olmasina ragmen toplanan verilerin analizi i¢in daha detayli 6zelliklere ihtiyag
duyulmustur. Bu sebeple Watson (2006)’in kitabindaki ortalama, degisim ve
cikarim ile ilgili boliimleri, Watson’in ilgili makaleleri, Shaugnessy’ nin 2003
yilinda yayimladig1 makalesi ve ¢aligmadaki d6grenci cevaplari incelenerek Watson
ve Callingham (2003)’1n ¢ercevesinde degisikliklere gidilmistir. Teorik ¢erceveye
son halinin verilmesinin ardindan 6grencilerin istatistiksel okuryazarlik seviyeleri
her bir soru icin ayri olarak belirlenmistir. Bunun sebebi farkli baglamlarin
ogrencilerin istatistiksel okuryazarlik seviyeleri ilizerindeki roliinii incelemektir.
Ayrica, 0grencilerin istatistiksel okuryazarlik seviyeleri teorik ¢ergevedeki her iki
seviye birlestirilerek, Seviye 1-2 veya Seviye 3-4 gibi sunulmustur. Bunun sebebi
[OT’nin Watson (1997)’nm iic asamali hiyerarsik yapisina gore hazirlanmis

olmasidir. Diger bir deyisle, ortalama ve degisim kavramlarinin tanimlanmasi,
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yorumlanmasi ve degerlendirilmesi hakkinda sorular hazirlanmigtir. Daha 6nceden
bahsedildigi gibi analiz i¢in kullanilan c¢erceve bu hiyerarsik yapinin
detaylandirilmis halidir. Kavramlarin yorumlanmasi 3. Seviyede baglarken 4.
Seviyede devam eder. Ote yandan kavramlarin elestirel bir sekilde
degerlendirilmesi 5 ve 6. Seviyede beklenen bir beceridir. Ornegin, ortalama
kavramini sosyal veya bilimsel bir baglamda elestirel bir sekilde degerlendiren bir
ogrencinin istatistiksel okuryazarlik seviyesi Seviye 5 veya Seviye 6’°dir.
Dolayistyla bu calismada o 6grencinin istatistiksel okuryazarlik seviyesi Seviye 5-6
olarak belirlenmistir. Farkli bir 6rnekte, degisim kavraminin elestirel bir sekilde
degerlendirilmesini iceren bir soruda oOgrencilerin istatistiksel okuryazarlik
seviyesinin teorik ¢erceveye gore Seviye 5-6 olmasi beklenir. Fakat, analizler
ogrenci cevaplarina gore yapildigi igin O6grencilerin istatistiksel okuryazarlik

seviyeleri Seviye 1-2 veya Seviye 3-4 olabilir.
Bulgular ve Tartisma
Ogrencilerin Ortalama Kavramn ile ilgili Istatistiksel Okuryazarhk Seviyeleri

Bu calismanin odaklandigi kavramlardan biri ortalama kavramidir. Bu c¢alisma
ogrencilerin ortalama kavrami ile ilgili istatistiksel okuryazarlik seviyelerini
belirlemeyi ve farkli istatistiksel okuryazarlik seviyelerinde bulunan dgrencilerin
ortalama kavrami ile ilgili tanimlarini, yorumlarmi ve degerlendirmelerini

arastirmay1 amaglamistir.

Toplanan veriler incelendiginde grafik tlirii fark etmeksizin calismaya katilan
yedinci smf Ogrencilerinin ¢ogunlugunun istatistiksel okuryazarlik seviyeleri
Seviye 3-4 olarak belirlenmistir. Okullarin amaci kullanilan teorik ¢ergevedeki en
yiiksek istatistiksel okuryazarlik seviyesine sahip bireyler yetistirmek olmasina
ragmen (Chick & Pierce, 2011) bu ¢alismada ortalama ile ilgili siitun ve ¢izgi
grafigini iceren tiim sorularda bu seviyeye ulasan fazla Ogrenci ile

karsilagilmamistir. Diger bir deyisle, calismaya katilan Ogrencilerin ortalama

276



kavramim siitun veya c¢izgi grafigi lizerinde sosyal veya bilimsel baglamlarda
yorumlayabilirken, ¢ogunun sunulan ortalama kavramini elestirel bir sekilde
degerlendiremedigi sdylenebilir. Ayn1 zamanda, ¢ok az sayida Ogrenci ortalama
kavramimi tanimlarken ortalamanin verileri temsil etme dogasindan bahsetmistir.
Literatiirde bulunan bazi1 g¢alismalar da Ogrencilerin istatistiksel kavramlarin
tanimlanmas1 ve degerlendirilmesinde yorumlanmasina nazaran daha fazla zorluk
yasadiklar1 sonucuna ulasmistir (Watson, 2006; Watson & Callingham, 2003;
Yolcu, 2012). Asagida belirtilen sebepler bdyle bir bulgu edinilmesine yol agmis

olabilir.

Bu sebeplerden ilki Tiirkiye’deki matematik 6gretim programi olabilir. Tiirkiye’de
bulunan matematik Ogretim programinin istatistiksel kavramlarin elestirel bir
sekilde degerlendirmesine, kavramlarin yorumlanmasi kadar onem vermedigi
gozlemlenmistir. Diger bir deyisle, Ogrenciler ortalama kavraminin farkli
baglamlarda  yorumlanmasina aligkin  fakat degerlendirmesine  aliskin
olmadiklarindan dolay1 ortalama kavraminin sunulan sosyal veya bilimsel

baglamlarda elestirel bir sekilde degerlendirilmesinde zorlanmis olabilirler.

Bdyle bir bulguya, calismaya katilan dgrencilerin 6gretmenleri de sebebiyet vermis
olabilir. Ozen (2013) dgretmenlerin sunulan baz istatistiksel iddalar1 elestirel bir
sekilde degerlendiremedigi sonucuna ulagsmistir. Ayn1 zamanda, eger gretmenler
sunulan veri setine karst elestirel bir tutuma sahip degilse, bu Ogretmenlerin
ogrencilerinin de boylesi bir tutuma sahip olmasi beklenemez (Chick &Pierce,
2011; Watson, 2006). Dolayisiyla dgretmenlerin gergek yasam durumlarindaki
istatistiksel mesajlara karst sahip olduklar1 tutumlar, bu calismadaki 6grencilerin
ortalama kavramini elestirel degerlendirmede yasadiklar1 zorluklarin altinda yatan

bir neden olabilir.

Ote yandan &gretmenlerin ortalama kavramini tanimlarken matematiksel dili dogru
bir sekilde kullanmamasi (Yolcu, 2012), bu g¢alismadaki O6grencilerin ortalama

kavramimi tanimlamada zorluk yasamalarina sebebiyet vermis olabilir. Literatiirde

277



ogretmen adaylarinin matematiksel dili dogru bir sekilde kullanmadigi goriilmiis
olup (Yesildere, 2010) matematik Ogretmenlerinin genellikle kavramlarin
ogretiminde uygun terminolojiyi kullanmak yerine giinlik dili kullandiklar:
sonucuna ulagilmistir (Miller, 1993). Bu c¢alismaya katilan &grencilerin
ogretmenleri ortalama kavraminin 6gretiminde uygun matematiksel terminolojiyi

kullanmiyorsa, elde edilen bulgular sasirtic1 degildir.

Bu c¢alismada Ggrencilerin  ortalama  kavrami ile ilgili  istatistiksel
okuryazarliklarinin ~ belirlenmesinin  ardindan  farkli istatistik okuryazarlik
seviyelerinde bulunan o&grencilerin ortalama kavramimi nasil tanimladiklari,
yorumladiklar1 ve degerlendirdikleri detayl bir sekilde incelenmistir. Ilk olarak
ogrencilerin ortalama kavramini tanimlamalar1 ve yorumlamalar1 incelendiginde,
cogu Ogrencinin ortalamayr tanimlamak ve yorumlamak i¢in merkezi egilim
Ol¢iilerini kullandiklar1 fakat en ¢ok kullanilan Sl¢iiniin aritmetik ortalama kavrami
oldugu goriilmistiir. Ortanca ve tepe deger kavramlar1 az sayida 6grenci tarafindan
kullanilmistir. Literatiirde bulunan bir ¢ok ¢alisma da ayni sonuglara ulasmistir
(Brown & Silver, 1989; Enisoglu, 2014; Ucar & Akdogan, 2009; Watson, 2006;
Yolcu, 2012). Bu durum caligmaya katilan 6grencilerin dgretmenlerinin sadece
aritmetik ortalama kavramina odaklanmasindan kaynaklanmis olabilir ¢iinkii Leavy
ve O’Loughlin (2006) 6gretmenler arasinda ortalama kavramu ile ilgili en yaygin
olan fikrin aritmetik ortalama kavrami oldugunu ifade etmistir. Diger bir neden ise
aritmetik ortalama kelimesi ile ortalama kelimesi arasindaki benzerlik olabilir
(Enisoglu, 2014). Alternatif bir bakis agis1 olarak, bu bulgu Tiirkiye’deki
matematik Ogretim programindan da kaynakli olabilir c¢ilinkii yedinci siif
matematik Ogretim programinda bulunan bir kazanim su sekildedir: “Bir veri
grubuna ait ortalama, ortanca ve tepe degeri bulur ve yorumlar.” (MoNE, 2018, p.
70). Diger bir deyisle, Ogretim programi aritmetik ortalama kavrami yerine
ortalama kavramim kullandigindan dolay1 bu calismadaki 6grencilerin ortalama

kavramini duydugunda aklina aritmetik ortalama kavrami gelmis olabilir.
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Aritmetik ortalama kavrami 6grenciler tarafindan ortalama kavramini tanimlama ve
yorumlamada ¢ok fazla tercih edilmesine ragmen, bazi1 bulgular 6grencilerin bu
kavramla ilgili kavramsal bir anlamaya degil islemsel bir anlamaya sahip
olduklarmmi gostermistir. Bu bulgulardan bir tanesi aritmetik ortalama
algoritmasinin yanlis bir sekilde uygulanmasidir. Bu bulgu literatiirdeki bir ¢ok
calisma ile tutarlilik gostermektedir (Cai, 2000; Maverach, 1983; Pollatsek et al.
1981; Watson & Moritz, 1999). Ornegin, bazi dgrenciler aritmetik ortalama
algoritmasinin ters c¢evrilmis halini kullanmistir; yani, veri kiimesindeki veri
sayisinin toplamini veri kiimesindeki verilerin toplamina bdlmiistiir. Cogu 6grenci
ise agirlikli ortalama hesaplamakta zorluk ¢ekmistir. Bu bulgular ¢aligsmaya katilan
ogrencilerin aritmetik ortalama kavramu ile ilgili kavramsal anlamalarin yeterli
olmadigint agik bir sekilde yansitmistir ¢linkii eger dgrenciler herhangi bir kavram
hakkinda kavramsal bir anlamaya sahip olsalardi, o kavram ile ilgili herhangi bir
algoritmay1 karsilastiklar1 her durumda dogru bir sekilde uygulayabilirlerdi
(Kilpatrick, Swafford & Findell, 2001).

Ogrencilerin aritmetik ortalama kavranu ile ilgili islemsel bir anlamaya sahip
oldugunu gosteren diger bir bulgu da 6grencilerin ortalama tanimlar1 ve yorumlari
arasindaki tutarsizhktir. Ornek olarak, ¢alismadaki bazi &grenciler ortalama
kavramimi tanimlamak veya kavramin anlamini verilen sosyal veya bilimsel
baglamlarda yorumlamak i¢in yaklasik veya tahmini kelimelerini kullanirken,
ortalamanin hesaplanmas1 istenildiginde ya verilerin aritmetik ortalamasin
hesaplamig ya da tiim verileri toplamistir. Fakat bu 6grenciler hesaplamalarinin
tanimlar1 veya yorumlar1 ile tutarli olup olmadigina dikkat etmemistir. Bazi
ogrenciler ise ortalama kavramini artimetik ortalama olarak tanimlarken bu
tanimlarin1 ortalama kavramini yorumlamak i¢in kullanmamistir. Bu bulgularin
altinda yatan neden 6grencilerin aritmetik ortalama kavrami ile ilgili islemsel bir
anlamaya sahip olmalar1 olabilir. Baska bir deyisle, bu o6grenciler aritmetik
ortalamanin sadece toplama ve bolme islemi ile ilgili oldugunu fakat elde edilen

saymnin neyi temsil ettigini bilmiyor olabilir (Konold & Higgins, 2003; Mokros &
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Russell, 1995). Dolayisiyla 6grenciler ortalama kavramini verilen baglamlarda
aritmetik  ortalama olarak yorumlayamamis veya ortalama kavramim

yorumlayabilmek i¢in kendi anlayislarini kullanmis olabilirler.

Ogrencilerin ortalama kavramini tanimlamalari ve yorumlamalarinin yaninda
verilen sosyal veya bilimsel baglamlarda degerlendirmeleri incelendiginde ise ¢ogu
ogrencinin sunulan ortalamayi elestirel bir sekilde degerlendiremedigi goriilmiistiir.
Ayn1 zamanda ¢ogu Ogrenci verilen ortalama hakkinda ya hi¢ siiphe duymamis ve
verilen ortalamay1 kabul etmis ya da kendine 6zgii cevaplar sunmustur. Bu bulgu
Ozen (2013)’in ¢aligmast ile paralellik gosterir. Ozen (2013) dgretmen adaylarmin
popliler medya metinlerini elestirel bir sekilde degerlendiremedigini, ya verilen
bilgiyi dogrudan kabul ettiklerini ya da kendi fikirlerini ortaya attiklarini
gozlemlemistir. Bu ¢aligmada bazi 6grencilerin verilen ortalamay1 degerlendirmeye
calistig1 gozlemlenmistir, fakat bu 6grenciler degerlendirmelerini veri kiimesindeki
sadece birka¢ degere odaklanarak yapmistir. Baska bir deyisle, bu 6grenciler veri
kiimesindeki tiim verilerin verilen ortalamanin {izerinde etkisi olacagini
diisiinmemistir. Bu durum, 6grencilerin ortalama kavramini veri kiimesindeki tiim
verileri temsil ettigini bilmemelerinden kaynakli olabilir. Eger bu caligmadaki
ogrenciler ortalamanin verilen baglamdaki biitlin veriyi temsil eden bir olgii
oldugunu bilselerdi (Mokros & Russell,1995) degerlendirmelerini yapmak ig¢in

verilen tiim veriye odaklanabilirlerdi.

Ogrencilerin degerlendirme sorularinda géstermis oldugu bu genel bulgularin yani
sira bazi degerlendirme sorularmin baglamlar1 farkli bulgulara yol agmustir. ilk
olarak, 10T de ortanca kullanilmasini gerektiren iki soruya yer verilmistir. Bir
soruda veriler siitun grafigi izerinde sunulurken, diger soruda ¢izgi grafigi lizerinde
sunulmustur. Her iki soruda sunulan grafigin 6grencilerin verideki u¢ degerleri fark
etmesine yardimci olacagi disiiniilmistir fakat elde edilen bulgular bazi
aragtirmacilarin bulgulartyla tutarhilik gostermistir (Watson & Callingham, 2003;
Watson & Moritz, 1999b). Diger bir deyisle, veriler ¢izgi veya siitun grafigi
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iizerinde sunulmasina ragmen Ogrenciler verilen ug¢ degerleri fark edememis
dolayisiyla sunulan ortalamayi elestirel bir sekilde degerlendirememistir. Bu bulgu
Ogrencilerin hangi merkezi egilim oOl¢iisiiniin hangi durumlarda kullanilmasi
konusunda herhangi bir tartisma igerisinde bulunmamalarindan kaynaklaniyor
olabilir. Ciinkii bazi1 arastirmacilar {i¢ merkezi egilim Olgiisiiniin farklhi
baglamlardaki etkisinin Ogrenciler ile agik bir sekilde tartigilmadan fark
edilemeyecegini dolayisiyla Ogrencilerin  yiiksek istatistiksel okuryazarlik
seviyelerine ulasamayacagini dile getirmistir (Hobden, 2014; Watson, 2006;
Watson & Callingham, 2003; Sharma, 2017).

Bazi Ogrencilerin ise ¢izgi grafigi iceren baglamda tek bir degere odaklanarak
verilen ortalamay1 degerlendirdigi fark edilmis ve bu degerin veri kiimesindeki ug
deger oldugu goriilmiistiir. Diger bir deyisle, aslinda bu 0Ogrencilerin veri
kiimesindeki ug¢ degeri fark ettigi fakat bu u¢ degerin verilen ortalama tizerindeki
etkisini duisiinmedikleri sdylenebilir. Bu ogrenciler sunulan ortalamaya kars
herhangi bir sliphe duymamalarina ragmen bu Ogrencilerin fikirlerinin ug
degerlerin ortalama iizerindeki etkisinin tartigilmasinda baslangic olarak

kullanilabilecegi diigiiniilmiistir.

[OT’de bir soruda ortalama olarak tepe deger mekezi egilim 6lgiisiinii kullanmay1
gerektirmektedir cilinkii bu soruda Ogrencilere kategorik bir veri sunulmustur.
Sasirtict bir sekilde, ortanca kullanmay1 gerektiren sorular ile karsilastirildiginda
daha fazla 6grencinin sunulan ortalamay elestirel bir sekilde degerlendirebildigi
goriilmiistiir. Ogrenciler dogrudan tepe degerin, oteldeki 3 giinliik paketlerin,
ortalama olacagini ifade etmeseler de bu 6grenciler sunulan ortalama degerin yanlis
oldugunu ifade etmis ve miisteriler tarafindan en fazla sayida tercih edilen paketin
kullanilmas: gerektigini aciklamislardir. Bu bulguya dayanarak, bu sorunun
baglaminin tepe deger merkezi egilim Olgiisiiniin - kritik  bir  sekilde

degerlendirilmesinde faydali oldugu sdylenebilir.
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Ogrencilerin Degisim Kavramu ile ilgili istatistiksel Okuryazarhk Seviyeleri

Bu caligmanin odaklandigi kavramlardan biri degisim kavramidir. Bu c¢alisma
ogrencilerin ortalama kavrami ile ilgili istatistiksel okuryazarlik seviyelerini
belirlemeyi ve farkli istatistiksel okuryazarlik seviyelerinde bulunan dgrencilerin
degisim kavrami ile ilgili tamimlarini, yorumlarmi ve degerlendirmelerini

arastirmay1 amaglamistir.

Toplanan veriler incelendiginde grafik tlirii fark etmeksizin calismaya katilan
yedinci smif Ogrencilerinin ¢ogunlugunun istatistiksel okuryazarlik seviyeleri
Seviye 1-2 olarak belirlenmistir. Sadece ¢izgi grafigini iceren bir soruda c¢ogu
ogrenci Seviye 3-4’e ulasabilmistir. Siitun ve ¢izgi grafigini iceren biitiin sorularda
en yiiksek istatistiksel okuryazarlik seviyesine ulasan az sayida 6grenci oldugu
goriilmiistiir. Baska bir deyisle, bu c¢alismaya katilan Ogrencilerin degisim
kavramin1 hem yorumlamada hem de elestirel bir sekilde degerlendirmede zorluk
yasadiklar1 sdylenebilir. Ayn1 zamanda ¢ogu 6grencinin degisim kavrami ile ilgili
bir 6l¢ii olan agiklik kavramini tanimlayamadigi goriilmiistiir. Literatiirde bulunan
bazi caligsmalar da oOgrencilerin istatistiksel kavramlarin tanimlanmasi ve
degerlendirilmesinde yorumlanmasina nazaran daha fazla zorluk yasadiklar
sonucuna ulagsmistir (Watson, 2006; Watson & Callingham, 2003; Yolcu, 2012).
Farkli olarak bu calismada 6grencilerin degisim kavraminin siitun veya ¢izgi
grafigi lizerinde sosyal veya bilimsel baglamlarda yorumlanmasinda da zorlanma
yasadiklar1 bulgusu elde edilmistir. Cesitli sebepler bdyle bir bulgu edinilmesine

yol agmis olabilir.

Bunlardan ilki Tiirkiye’deki matematik 6gretim programi olabilir. Daha 6nceden
belirtildigi gibi Tiirkiye’de bulunan matematik 6gretim programinin istatistiksel
kavramlarin elestirel bir sekilde degerlendirmesine kavramlarin yorumlanmasi
kadar 6nem vermedigi gozlemlenmistir. Bu sebeple ¢alismaya katilan &grenciler
degisim kavraminin elestirel bir sekilde degerlendirilmesinde zorluk yasamis

olabilir. Bu ¢aligmadaki 6grencilerin degisim kavraminin yorumlanmasinda zorluk
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yasamalarinin sebebi ise Ogretim programinin degisim kavraminin farkli
baglamlarda yorumlanmasina ortalama kavraminin yorumlanmasi kadar 6nem
vermemesi olabilir. Ogretim programi incelendiginde degisim kavrammin
yorumlanmasi ile ilgili tek kazanimin agiklik kavraminin yorumlanmasi oldugu
goriilmiistiir. Dolayistyla bu ¢alismada degisim kavraminin yorumlanmasi ile ilgili

edinilen bu bulgu sasirtic1 degildir.

Bu ¢aligmada 6grencilerin degisim kavramu ile ilgili istatistiksel okuryazarliklarinin
belirlenmesinin ardindan farkli istatistik okuryazarlik seviyelerinde bulunan
ogrencilerin  degisim kavramini nasil tanimladiklari, yorumladiklar1 ve
degerlendirdikleri detayli bir sekilde incelenmistir. ilk olarak dgrencilerin aciklik
kavramimi tanimlamalar1 incelendiginde, ¢ogu &grencinin, belirlenen istatistik
okuryazarlik seviyesi fark etmeksizin aciklik kavrammi tanimlayamadig:
goriilmiistiir. Bu bulgu Watson ve Kelly (2008)’nin caligmasi ile paralellik
gosterirken Yolcu (2012)’nun ¢aligmasinda elde ettigi bulguya tezat bir durum
olusturur. Yolcu (2012) calismasinda sekizinci sinif Ogrencilerinin  degisim
kavramini agiklik kavrami ile dogru bir sekilde tanimladigini gdzlemlemistir. Bu
bulguya dayanarak Yolcu (2012) 6grencilerin degisim kavrami ile ilgili islemsel bir
anlayisa sahip olduklar1 sonucuna ulagsmistir ¢linkii 6grenciler degisim ile ilgili
herhangi bir fikirden bahsetmeden sadece bir islemden bahsetmistir. O halde,
Yolcu (2012)’nun goriisiine dayanarak bu c¢aligmaya katilan 6grencilerin agiklik
kavramimi tanimlayamamalar1 degisim kavrami ile ilgili islemsel anlamalarinin
yeterli seviyede olmadigimi gosterebilir. Tiirkiye’deki matematik 6gretim
programimin 6. sinif kazanimlarindan birinin 6grencilerin agiklik kavramini
tanimlamas1 olmasina ragmen bdylesi bir bulguya ulagilmasinin nedeni ¢alismaya
katilan 6grencilerin 6gretmenlerinin bu kazanima yeterli derecede 6nem vermemesi
olabilir. Eger 6. smifta Ogretmenler sadece ac¢ikligin tanimini &gretip veri
kiimesindeki en yiiksek degerden en kii¢lik deger ¢ikarildiginda elde edilen degerin
neyi temsil ettigini veya kavramin ne zaman kullanilacaginin faydali oldugunu

Ogrenciler ile tartismamis ise bu calismaya katilan yedinci simif 6grencilerinin
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aciklik kavramini tanimlamakta zorlanmasi sasirtict bir sonug degildir.

Ogrencilerin ~ degisim  kavramini  yorumlamalari  incelendiginde  ise
tanimlamalarindan ¢ok farkli bir bulgu elde edilmemistir. Diger bir deyisle, cogu
ogrenci hava durumu ile ilgili bir baglamda degisim kavramin1 yorumlayamamastir.
[0T’de 6grencilerden Ankara’nin Nisan ayimnda verilen ortalama sicakligr ile ilgili
bir ¢izgi grafigi ¢izmeleri istenerek dgrencilerin degisim kavramini yorumlamalari
incelenmigtir. Fakat ¢ogu Ogrencinin herhangi bir grafik ¢izmediginden dolay1
degisim kavramini yorumlayamadigi sonucuna ulasilmistir. Bu sonu¢ Watson ve
Kelly (2005)’nin calismast ile c¢eliskili bir sonugtur ¢ilinkii arastirmacilar
ogrencilerin degisim kavraminin grafik ile gosterilmesindeki performanslarinin
inceledikleri diger degiskenlerden yiiksek oldugunu goézlemlemistir. Dolayisiyla
calismada elde edilen bu bulgu Ogrencilerin ¢izgi grafigi ¢izmede yasadiklar
zorlanmadan kaynakli olabilir. Literatlirdeki bazi ¢alismalar da 6grencilerin ¢izgi
grafigi ¢izmede siitun grafigi ve daire grafigine nazaran zorluk yasadiklarin
gostermistir (Capraro, Kulm & Hammer, 2005). Ayni zamanda az sayida
ogrencinin eksen isimleri, grafik bashgi gibi grafik o6gelerine dikkat ettigi
goriilmiistiir. Elde edilen bu bulgulardan, 6grencilerin grafik ¢izme etkinlikleri ile
cok fazla hasir nesir olmadiklari, bunun yerine genellikle hazir grafikler verilerek

verilerin okunmasi veya yorumlanmasi istenildigi sonucuna ulagilabilir.

Ote yandan &grencilerin aciklik tanimlar1 ve degisim kavramimi yorumlamalari
karsilagtirmali olarak incelendiginde, bazi 6grencilerin agiklik kavramini
tanimlayabildikleri ya da en azindan agikligin fark ile ilgili oldugunu bildikleri
goriilmiistiir. Fakat bu oOgrenciler ayni performanst degisim kavraminin
yorumlanmasinda gosterememistir. Elde edilen bu bulgu 6grencilerin agiklik
kavrami ile ilgili islemsel bir anlayisa sahip oldugunu gosterebilir ¢iinkii
ogrencilerin bir veri kiimesinin agikligini nasil hesaplayacagini bilmelerine ragmen
elde edilen farkin ne i¢in kullanildigi ile ilgili herhangi bir fikre sahip olmadiklarin

gostermistir. Bu 0Ogrencilerin agikligin degisim kavraminin yorumlanmasinda
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kullanilabilecek bir 6l¢ii oldugunun farkinda olmadiklarin1 gostermistir. Bu
bulgulardan, ag¢iklik kavraminin yorumlanmasinin matematik 6gretim programinda
yer almasina ragmen, ¢aligmaya katilan 6grencilerin sadece agiklik kavraminin

hesaplanmasina odaklandiklar1 sonucuna ulasilabilir.

Ogrencilerin degisim kavrammi degerlendirilmeleri incelendiginde ise iki veri
grubunun karsilagtirilmasini iceren sorularda ortalama kavramina nazaran daha
fazla sayida 6grencinin degisim kavramin elestirel bir sekilde degerlendirebildigi
goriilmistlir. Diger bir deyisle, Shaugnessy ve Pffannkuch (2002)’un ¢aligmasina
paralel olarak ¢izgi ve silitun grafiklerinin iki veri grubunu karsilagtirmay1
gerektiren durumlarda degisim kavraminin degerlendirilmesine yardimci oldugu
goriiliirken bir tane veri kiimesi oldugunda ayn1 bulguya ulasilmamistir. Bu durum
ogrencilerin iki veri grubunu karsilastirirken dikkatlerinin veri gruplar i¢erisindeki
degisime yonelmesi ile aciklanabilir. Baska bir sekilde ifade etmek gerekir ise
ogrenciler veri gruplar arasindaki degisimi incelerken veri gruplari igerisindeki
degisimi fark etmis olabilir. Bu duruma tek veri kiimesi i¢eren sorunun baglami da
sebebiyet vermis olabilir. Gal (2004) ve Watson (2006)’1n da belirttigi gibi eger
ogrenciler verilen bir sorunun baglamini anlamadiysa, Ogrencilerden degisim

kavramini elestirel bir sekilde degerlendirebilmesi beklenmemelidir.

Degisim kavraminin degerlendirilmesinden elde edilen diger bir bulgu ise ortalama
kavramimin degerlendirilmesinde gdzlenen bir bulgu ile benzerlik gostermektedir.
Degisim kavramimin degerlendirilmesini igeren tiim sorularda g¢ogu Ogrenci
degerlendirmesini yapabilmek i¢in sunulan veri kiimesinden ya yalnizca bir degere
ya da bir ka¢ degere odaklanmistir. Fakat Watson (2006)’a gore bir veya birkag
degere odaklanma degisim kavraminin degerlendirilmesinde bir baslangig
niteligindedir. Dolayisiyla bu c¢alismaya katilan 6grencilerin degisim kavramini

verilen baglamlarda elestirel bir sekilde degerlendirmeye basladiklar1 soylenebilir.

Ote yandan, degisim kavraminin degerlendirilmesinin iki veri grubunun

karsilagtirllmasin1 gerektiren sorulardan elde edinilen bir diger bulgu ise, veri
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gruplar siitun grafigi iizerinde verildiginde daha fazla sayida 6grencinin degisim
kavramini elestirel bir sekilde degerlendirebilmesidir. Bu durumun bir sebebi siitun
grafigini iceren soruda degisim kavraminin 6nemini belirten ifade olabilir. Soruda
rizgar hizinin dalgali olmasmin bakim masraflarint arttirdigi bilgisi 6grencilere
sunulmustur. Bu bilgi 6grencilerin riizgar hizindaki degisimleri fark etmesine
olanak saglamis olabilir. Bir diger sebep ise Capraro ve arkadaslarmin da (2005)
belirttigi gibi Ogrencilerin siitun grafigine olan aginaligi olabilir. Matematik
Ogretim programinda 6. sinifta yer alan bir kazanim da bu duruma sebebiyet vermis
olabilir. Bu kazanim 6grencilerin aritmetik ortalama ve agiklik kavramini iki veri
grubunun karsilastirilmasinda kullanmasi gerektigini belirtirken, karsilagtirmalarda
kullanilan grafik tiirii siitun grafigidir. Ogrencilerin bu tarz etkinliklere olan
aliskanligindan dolay1 ¢izgi grafi§ine nazaran daha fazla sayida Ogrenci veriler
siitun grafigi iizerinde sunuldugunda degisim kavramini elestirel bir sekilde
degerlendirmis olabilir. Fakat sadece bir 6grenci siitun grafigini iceren
karsilagtirma sorusunda riizgdr hizlarinin acikligindan bahsetmistir. Diger
ogrenciler veri gruplarindaki degisimden nicel olarak degil nitel olarak
bahsetmistir. Bagka bir deyisle, 6grencilerin agiklik kavramini degisim kavraminin
yorumlanmasinda kullanmadiklar1 gibi degerlendirilmesinde de kullanmadiklari
goriilmiistiir. Bu bulgu, 6grencilerin sadece bir veri kiimesinin agikligini nasil
hesaplayacagini bilip elde edilen farkin ne i¢in kullanildig: ile ilgili herhangi bir
fikre sahip olmadiklarindan kaynakli olabilir.

Son olarak, degisim kavraminin iki veri grubunun karsilastirilmasini gerektiren
durumlarin incelendigi sorulardan ortalama kavrami ile ilgili de bir bulgu elde
edilmigtir. Literatlirdeki birgok ¢alisma Ogrencilerin ortalama kavramin iki veri
grubunu karsilastirirken kullanmadigi sonucuna ulasmistir (Gal et al.,, 1989;
Shaugnessy, 2003b; Watson & Moritz, 1999). Dolayisiyla bu c¢alismada
ogrencilerden Oncelikle ortalamalart ayni fakat degisimleri farkli olan iki veri
grubunun ortalamalarini1 bulmalarimi istenmis olup dgrencilerin ortalamanin ayni

olmasii fark etmesinden sonra veri gruplari igerisindeki degisimi degerlendirip
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degerlendiremedikleri incelenmistir. Fakat ¢alismaya katilan 6grencilerin ¢ogunun
veri gruplarmin ortalamalarini hesaplamalarina ragmen karsilastirma yaparken
kullanamadiklari, veri gruplar icerisindeki birka¢ degere gore karsilastirmalarini
yaptiklar1 goriilmistiir. Literatlirdeki bir ¢ok ¢alisma da benzer bulguya ulasmistir
(Gal et al., 1989; Konold & Pollatsek, 2002; Shaugnessy, 2003b; Watson &
Moritz, 1999). Bu durum Gal (2005)’mn da belirttigi gibi 6grencilerin iki veri
kiimesini karsilastirirken ortalama kavramini kullanmayi diisiinmemelerinden
kaynakli olabilir. Ayrica, Konold ve Pollatsek (2002)’in diisiincesiyle paralel
olarak, bu durum Ogrencilerin ortalama kavramini veri kiimesindeki tiim verileri
temsil ettigini bilmemelerinden kaynakli olabilir. Eger bu ¢alismadaki 6grenciler
ortalamanin verilen baglamdaki biitlin veriyi temsil eden bir Ol¢li oldugunu
bilselerdi (Mokros & Russell,1995), belki de iki veri grubunu karsilastirirken

kullanabilirlerdi.
Oneriler

Bu ¢alisma yedinci simif dgrencilerinin ortalama ve degisim kavramlart ile ilgili
istatistiksel okuryazarliklarinin =~ siitun ve ¢izgi grafi§inde incelenmesine
odaklanmigtir. Calismanin bulgularina dayanarak gelecek caligmalar i¢in bazi

Onerilerde bulunulabilir:

Ik olarak bu ¢alismada uygun drnekleme yontemi kullamilmustir. Bulgularin diger
yedinci siif Ogrencilerine genellenebilmesi icin seckisiz Ornekleme yontemi
kullanilarak elde edilen katilimcilarla benzer ¢alismalar yapilabilir. Ayn1 zamanda
ortaokul 6grencileri ile yapilacak olan boylamsal ¢alismalar 6grencilerin ortalama
ve degisim kavramui ile ilgili istatistiksel okuryazarliklarinin zaman igerisinde
gelisip gelismedigini gostermesi agisindan faydali olabilir. Ayrica bu galigma
devlet okulu 6grencileri ile yapildigindan dolay1 6zel okul 6grencileri ile yapilacak
caligmalar okul tiiriiniin 6grencilerin istatistiksel okuryazarliklar: tizerindeki roliinii

gosterebilir.
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Ote yandan bu c¢alismanin bulgular1 {OT’deki sorular ile smrhdir. Benzer
caligmalar farkli testler gelistirilerek veya IOT nin farkli baglamlar veya farkli

grafik tiirleri ile gelistirilmesi ile tekrarlanabilir.

Bu Onerilerin yan1 sira dgrenciler ile yapilacak klinik goriismeler Ogrencilerin
diistinme siireglerinin derinlemesine incelenmesine olanak saglayabilir. Klinik
goriismeler vasitasi ile ortalama ve degisim kavramlarmin yorumlanmasi veya
degerlendirilmesi daha detayli bir sekilde incelenebilir ve bu goriismeler
ogrencilerin ortalama ve degisim kavramlarmi yorumlama ve degerlendirmede

zorluk yasamalarinin muhtemel sebeplerini ortaya ¢ikarabilir.

Son olarak, bu ¢aligmanin analizinde kullanilan teorik gerceve icin bazi Onerilerde
bulunulabilir:  Caligmanin ~ bulgular1 ~ 6grencilerin ~ yorumlarim1  veya
degerlendirmelerini ortalama ve degisim kavramlarimin tanimlart ile ilgili
kavramsal anlamalarini kullanarak yapamadiklarini géstermistir. Bagka bir deyisle,
calismanin bulgulart ¢ogu 6grencinin sunulan veri kiimesinin sadece aritmetik
ortalamasini veya agikligin1 hesapladigini fakat neden bu degerleri hesapladiklar
hakkinda fazla bir bilgiye sahip olmadiklarin1 gostermistir. Dolayisiyla 6grenciler
yorumlarin1 veya degerlendirmelerini yaparken aritmetik ortalama veya agiklik
kavramlarint kullanamamisg, sorulardaki baglamlarin veya grafiklerin yardimi ile
ortalama veya degisim kavramlarini verilen baglamlar igerisinde yorumlamis veya
degerlendirebilmistir. Fakat kullanilan g¢ercevede verilen tanimlarin kavramsal
olmasi ile ilgili herhangi bir 6zellik bulunmamaktadir. Bagka bir ifadeyle ¢erceve,
tanimin islemsel veya kavramsal olmasina bakmaksizin her tiirlii tanimi kabul
etmektedir. Bu sebeple teorik ¢ercevede yorumlarin ve degerlendirmelerin
baglamdaki bilgilerin yani sira ortalama ve degisim kavramu ile ilgili kavramsal

anlamlarin da kullanilarak yapilmasi gerektigini gosteren degisiklikler yapilabilir.
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