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The focus of this study was to evaluate the effect of different approaches of
anchor test construction on the accuracy of equating for test adaptation. The term
“equating” in cross-lingual studies refers to a statistical procedure that adjusts test scores
from the source language (SL) version of the test and the target language (TL) version of
the test using a set of common translated items of the same examination so that scores
can be interpreted interchangeably. In each test, the verbal section and the non-verbal
section of the test were investigated. The Levine Linear equating method and Mean-
Sigma equating method were utilized with an anchor item design and an equivalent group
design, respectively. The double linking method and the standard errors of equating
method were used to evaluate the accuracy of the equating for different anchor tests. The
average difference between the two anchor tests for the verbal and non-verbal sections of
the test over three target language groups reflected the degree of overall instability that
existed in the cross-lingual equating process. These differences were associated with real
and systematic variance that underlies the cross-lingual equating process. Scoring
outcomes of an actual certification examination with a sample of nearly 9,000 examinees
taking both SL and TL versions of the test data set were utilized for this research study.

Findings indicated that the differences between the double linking chains for each
anchor test were greater for the verbal section than the non-verbal section of the test. The

results of the double linking method supported the notion that different choices for



anchor items can result in different equatings and using items with the more stable
parameters was a better choice than using items with less DIF. The results of MSEE did
not show large differences between the parameter and the DIF methods of anchor item
selection. However, the MSEE differences were in the same direction as the double
linking method differences. That is, the parameter method was superior to the DIF

method using both criteria.

Approved:
George Johanson

Professor of Research and Evaluation



ACKNOWLEDGMENTS

Completing my doctorate and writing this dissertation have been quite an ordeal,
and I never thought I could do it. However, I have many people to thank for their help. I
express appreciation to Sheila and Mary who provided the data of this study for taking
the time and the effort to help me. They were kind, courteous, and very interesting to
listen to. Good luck to all of you in your future pursuits.

I would like to thank my committee members for their support and guidance. I felt
each one of you really cared about what I was doing and was trying to make it the best
research possible. To Professor George Johanson, Professor Gordon Brooks, Professor
Rajindar Koshal and Professor Gary Moden: thank you! I would especially like to thank
Professor Johanson for being my dissertation committee chairman. He was always
willing to lend a listening ear and philosophize with me about anything. His keen insight,
considerable guidance, positive attitude, and continuous support were all essential for my
personal and professional growth. I would also like to thank the others for supporting me
both temporally and mentally. I consider all of you as my great friends.

I would also like to thank my family for supporting me through this time, and
praying for me: my son, for understanding and believing in me; my husband, whom I
love so much, is my best friend and who encourages and supports me at all times. He has
paid the price for my Ph.D. as much as I have. Thank you all for giving me the hope and
the encouragement.

My very special thanks and appreciation go to my parents for giving me the
motivation and desire to complete this dissertation and for all the sacrifices that they had

since I came to the United States. I grew closer to both of them during this dissertation,



felt guided and inspired in all that I did, and give them credit for all that I have
accomplished in life. I also felt as if they were always preparing the way for me, always
making it easier to accomplish the tasks that looked unbelievably formidable. I know

mom that you prayed a lot for me



viii

Table of Contents

Page

CHAPTER ONE ...ttt ettt sttt s 24
INEEOAUCTION ...ttt et et e b 24
Background of the Study .........cceoiiiiiiiiiie e 24
TESt EQUATING ..coeiiiiieiieeiiee ettt ettt ettt e eeseaeebe e b e ssseenseens 27
Equating ASSUMPLIONS ....c.eeiiieiieiiieiie ettt ettt ettt e esiee e e seeesbeesaeeenseeens 28
Equating MethOds .......ccooeiiiiiiiiiiecieee et st 29
Test Equating Evaluation............coceeieiiiiiieiiiciieeeeee e 31
Data Collection Designs for EQUAting ............ccceeviieiiieiiiiniienieeieeiceee e 34
Selecting Anchor [tems for ANChor TestS.......ccocvieiiiiriiieiiieiieie e 36
Statement of the Problem..........ccociiiiiiiiiiiiiii e 37
Research QUESTIONS ........eeccuiiieiiie ettt et e et e e e v e e earee e eaaeeeenns 38
Significance of the StudY ........cccoriiiiiiiii e 38
Delimitations and Limitations of the Study ...........cocoovieiiniiniinnicee 39
Definitions Of TETMS .....ceiviiiiieiieie ettt et e 41
ANChOT-TteM DESIZN.....c..eiiiiiiiiiiieie e 41
ANCROT TEST... ittt ettt ettt et e st e et esaeeeabeeeees 41
CQE Certified Professional EXamination ...........ccceeceeeveeniienieeniieniienicececeeeee. 41
CUILUTC. ...ttt ettt et ettt e st e ebeesnaeenseen 42
GlODALIZAION. ...ttt ettt et et 42
InternatioNaliZation ..........c.eeeuieiiiiiiiieie e 42

Test Adaptation and Test Translation............cccocceeeiiiiiieiienieieee e 43



X

TESt EQUATING ..oovtieiieiie ettt ettt ettt et essaeeabe e s e ssbeenseeas 43
Organization of the DISSErtation ..........cccueevuierieeiiienieeieerie ettt see e 43
CHAPTER TWO ..ottt sttt sttt 45
LAterature REVIEW.......coviiiiiiiiiiiiieiei ettt ettt ettt st s 45
Test AdAPLAtiON ......c.eeiuiieiieiieeie ettt ettt ae e snaeenneas 45
Previous Studies in Test Adaptation...........cceecveerieeiiienieiiiieie e 45

Test Adaptation and Test Translation...........cccceeeeeeiierieeiienieeicee e, 46
Important Guidelines for Test Adaptation ..........ccceecveerieiiiienieeniecie e 55

TESt EQUATING ...ocvvieiieeiiieiie ettt ettt ettt ettt e s e s e s abeenseenenes 60
Different Ways of Defining EQUating...........ccoceeviiriienieiiiieieceeeeeee e 61
Aspects That Influencing Satisfactory Equating............cccoecveevieniiienienieeniienee, 62
Different Designs for Cross-Lingual Studies...........ccceeviieriiniiienineiieniecieee, 64
ANChOT TtemM DESIZN.......eiiiiiiiiiiiiieiieie ettt 65
Content RepreSentation.........c.evvireerierierieninieneeieetese et 65
Number of Anchor [EemMS .........ooouiiiiiiiiieieeee e 66

NONE DIF TEEMS...ceiuiiiiiiiiiiiie ittt sibee e 67
Evaluating Test EQUating ACCUTACY ......cccueeviiriiieiieeiiesie et 69
Double Linking Method............cooiiiiiiiiiii e 70
Standard Errors of Equating (SEE)........coceviriiniiiiniiiiiceeeeecee 71
SUMIMATY ...ttt ettt e e sbeesane et e seneeneeesanees 71
CHAPTER THREE ......ooiiiiiieeeetee ettt s 75
Research MethodOlOgY .......cc.eiiiieiiiiiiee e e 75

ReESCATCH DESIZN. ......eiiiiiiiieiii ettt et e 75



INSTIUMENT ...oooiiiiiiii 75
SUDJECLS ..ttt ettt ettt ettt e be et e et e e saesnbeenaeaens 76
Item Format and Test Specification..........ccccuevcvierieeiiienieeiieeie et 79
Data SOUICE.....ceiiuiiiiiiiiiieii et s 79
Data Analysis Procedure..........cceiviiiiiieiiieiiecieeeeee et 80
Phase 1: A Preliminary Study of the Data ..........cccoecieriiiiiiiniiiieeeecee 80
Phase 2: Investigating Reliability and Validity of the Items ..........cccccoceriencnnen. 81
REHIADIIIEY ..ottt 81
VALIAIEY ©onveenieieeeeee ettt 82
Phase 3: Choosing Anchor Test [tems...........ccceeriieiieniieiieeieeeece e 84
Content RepreSentation..........cecveeiierieeiieenieeiieeieeieeseeeteeseeeeeeeeaeeaeesereeeeas 87

The Number of Anchor ItemS .........cocuevieiiiiiiiiiiiee e 88
Best Translation .........c.c.ooierieiiirieniiiee e &9
Item Difficulty and Item Discrimination ............ccoeceeviieneeniieenieniieee e, 90
Delta Plot Method ..........oooiiiiiiiiee e 95
Phase 4: Levine Linear Equating Method for Anchor Item Design ..................... 97
Phase 5: Mean and Sigma Equating Method for Equivalent Group Design........ 101
Phase 6: Anchor Tests Evaluation ...........cccccoevieiiiiiiiiiiiiniieeeeeee e 102
Double Linking Method...........cccoiiiiiiiiiieee e 103
Standard Errors of Equating (SEE) Method .........ccccociviiiiiiiniininiiiccee, 105
CHAPTER FOUR ..ottt 108
RESULLS ...ttt ettt ettt ettt et et e b e ennas 108

Target Language One - Korean Language.........c.cccoocveriieiieniiiiniiniienicceenieeeens 108



x1

A Preliminary Study of the Data.........c.cccieiiiniiiniiiiieiecee e 108
Investigating Reliability and Validity ..........ccoccveeviiiiiieniiniieieeceeeeeee 112
Results of Reliability Estimation of the Test Items ...........cccceceeriieiiienneennnn. 112
Results of Validity Estimation of the Test [tems ...........ccceeievieeciieniieiiiiee 112
Choosing ANChOT TteMS .........ooiiiiriiiiiieiie et 114
Anchor Test One - Results of Combination of (1) (2) and (4)......cc.ccceuveennee.e. 114
Anchor Test Two - Results of Combination of (1) (2) and (5).....c..cccvveneee. 114
Results of Levine Linear EQUAting .........ccccoceeiiieiiiiiiiiieeiieeeeeee e 115
Results of Mean-Sigma Equating Method............ccoocoeeiiiiiiiiiieniicieieeeee, 117
Results of Double Linking Equating Evaluation Method............cccccoceeneniennenn 118
Results of Mean Standard Error of Equating (MSEE) Evaluation Method........ 121
Target Language Two - Spanish Language ............cccoeeieviieeiieiieniieiiesieeeeee 124
A Preliminary Study of the Data...........cocuieiiiniiiniiiiieeceee e 124
Investigating Reliability and Validity .........cccccovveniiiinininiiniiicecceice 127
Results of Reliability Estimation of the Test Items ............ccoeceeiiieiiennnienn. 127
Results of Validity Estimation of the Test Items ..........cccceeeeveriieniininicnnnne 128
Choosing ANChOT TEEIMS ....c..eviiiiiiiiiiiiiiicieetestecet e 129
Anchor Test One - Results of Combination of (1) (2) and (4)......ccecveeveveeunene 129
Anchor Test Two - Results of Combination of (1) (2) and (5).....cccceeeveeeneenne 130
Results of Levine Linear EQUAting ..........coccieiiiiiiiiiiiiiiieeeeee e 131
Results of Mean-Sigma Equating Method...........cccoceiiiiiiiniiiiniice 132
Results of Double Linking Equating Evaluation Method..............ccccocceeiieniia. 133

Results of Standard Error of Equating Evaluation Method ... 137



Xii

Target Language Three - Chinese Language..........cccocveveevenienieiienieneiieneeneeee, 140

A Preliminary Study of the Data.........c.ccccieiiiiiiiniiiiieecee e 140
Investigating Reliability and Validity of the Items........cccccccevieniniiniininicnen 143
Results of Reliability Estimation of the Test Items ..........cccceveeveeiiinienennene 143

Results of Validity Estimation of the Test [tems .........c.ccoeeierieeciienieiiieee. 144
Choosing ANChOT TteMS .........oeciiiiiiiiiieiie e 145
Anchor Test One - Results of Combination of (1) (2) and (4)......cc.ccceuveenneeee. 145

Anchor Test Two - Results of Combination of (1) (2) and (5).....c..cccvveneeen. 146

Results of Levine Linear EQUAting .........ccooveiiieiiiiiiiiieeieeeeeee e 147
Results of Mean-Sigma Equating Method............ccoocoeoiiiiiiiiieniicieieeeee, 148
Results of Double Linking Equating Evaluation Method............cccccoceeniniennenn 149
Results of Standard Error of Equating Evaluation Method ............cccooeeenin 153
CHAPTER FIVE.. ..ottt 156
ReVIEW OF RESULLS .....eeiiiiiiee e e 156
CONCIUSIONS ...ttt ettt et e s bt e et e s it e sateesaeeeabeesseeenteenaeeans 159
Recommendations and Suggestions for Future Study .........ccccooveviiiininiinincnenne. 163
A Brief Summary of This Study .....c.c.coceeiiiiiniiiiiieeee e 166
REFERENCES ...ttt bbbttt 167
APPENDICES ...ttt sttt 189
APPENDIX A Exemption Letter from the Institutional Review Board..................... 190
APPENDIX B Scree Plots of the Principle Component Analysis..........ccccceeevenuenne. 192
APPENDIX C Item Difficulty Indices and Item Discrimination Indices................... 196

APPENDIX D Delta Plots for All Target Language Groups .........cccccecveveeveeneenneenne. 215



xiil

APPENDIX E Items That Chosen as Anchor Items for Two Anchor Tests .............. 237
APPENDIX F Raw Score Statistics for Tests and Anchors .........cccceeveeiieniennnnnen. 244
APPENDIX G Statistics for Levine Linear Equating and Mean-Sigma Equating..... 247
APPENDIX H Statistics for Double Linking Equating............ccccceeeveevienciienienieenen. 266
APPENDIX I Differences between the Two Functions for Two Anchor Tests......... 285
APPENDIX J Graphs for Double Linking..........cccceeeveveivinienieniniineeieeiesceieene 292
APPENDIX K Statistics for Standard Errors of Equating............ccccceevvevciieniennennen. 305

APPENDIX L ADSITACE . ...vveveeeeeteeeeeeeeeeeeeeeeeeeeeeeeeeeeee e eeeeeeeeeeeeeeeeeeaeeeeeseseeesenennsenennennes 324



Table

10.

11.

12.

13.

14.

15.

16.

X1V

List of Tables
Page
. Number of Examinees for Korean Language and English Language.................... 77
Number of Examinees for Spanish Language and English Language................... 77
Number of Examinees for Chinese Language and English Language .................. 77
Comparison of Number of Examinees for Different Target Languages................ 78
Comparison of Number of Examinees for Source Language
N DIFErent YEars ......c.ooveiiiiiiiiiinieeeeeeccceeee et 78
Number of Items by Content Specification ............ceeeeerieeiiieeiiienieeieerie e 79
Korean Language: Statistics for Examinees Total Right Scores
by Language and Test FOImMS........cccueeiieiiiiiiieiiciiee e 109
Korean Language: ANOVA Results for Total Number Right Score .................. 111
Korean Language: Cronbach’s Alpha by Language and Form ................ccc....... 112
Korean Language: A Summary of the Number of Anchor Items........................ 115
Korean Language: A Summary of the Slopes and the Intercepts for Levine
Equating of TWo ANChOT TeStS .....cuiiiiiiiiiiiieriiieiiee e 117
Korean Language: A Summary of the Slopes and the Intercepts
for Mean-Sigma Equating of Two Anchor Tests.......c.ccoceevervienieneniicnicncnnicnen. 118
Korean Language: A Summary of the Slopes and the Intercepts
for Double Linking Equating of Two Anchor Tests.........cccevveeviiniieiiieniieienne 119
Korean Language: MSEE between Two Anchor Tests ........cccceeeeveeneniinecnnenne. 122
Spanish Language: Statistics for Examinees Total Right Scores ...........ccccceee. 125
Spanish Language: ANOVA Results for Total Number Right Score.................. 126



17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

XV

Spanish Language: Cronbach’s Alpha by Language and Form.............cccccceee. 128
Spanish Language: A Summary of the Number of Anchor Items
£Or TWO ANCROT TESES ...ttt 131
Spanish Language: A Summary of the Slopes and the Intercepts
for Levine Equating of Two ANchor TeSts ........ccceeevierieniieniieeieeie e 132
Spanish Language: A Summary of the Slopes and the Intercepts
for Mean-Sigma Equating of Two Anchor Tests.........ccoceeverierieneniienienenienen. 133

Spanish Language: A Summary of the Slopes and the Intercepts

for Double Linking Equating of Two Anchor Tests.........cccceeevvienienenienienenne. 134
Spanish Language: MSEE between Two Anchor Tests .........ccccevevveneenicnienenne 138
Chinese Language: Statistics for Examinees Total Right Scores........................ 141
Chinese Language: ANOVA Results for Total Number Right Score.................. 142
Chinese Language: Cronbach’s Alpha by Language and Form .......................... 144

Chinese Language: A Summary of the Number of Anchor Items
fOr TWO ANCROT TESES ...ttt 147
Chinese Language: A Summary of the Slopes and the Intercepts
for Levine Equating of Two ANchor Tests ........ccceeuienieiiiienieniieieeeeeeeee 148
Chinese Language: A Summary of the Slopes and the Intercepts
For Mean-Sigma Equating of Two Anchor Tests.........cccceverienenneniencnnicneene. 149
Chinese Language: A Summary of the Slopes and the Intercepts
for Double linking Equating of Two Anchor Tests ........cccceveeeiiiieniiienieeenee, 150

Chinese Language: MSEE between Two Anchor Tests.........cccceveevienicncnnncnen. 154



31.

32.

33.

34.

35.

36.

37.

38

39.

40.

41.

42.

Xvi

All Language Groups: A Summary of the Absolute Mean Differences for Two
ANCROT TESES 1.ttt ettt ettt 158
Item Difficulty Indices and Item Discrimination Indices by Languages

(Korean and English) and Forms (From A and Form B)........c.ccccooeiviiiniienn. 197
Item Difficulty Indices and Item Discrimination Indices by Languages

(Spanish and English) and Forms (From A and Form B)........c.cccccceviieiiinnnnnne. 203
Item Difficulty Indices and Item Discrimination Indices by Languages

(Chinese and English) and Forms (From A and Form B)..........c.cccccoeviiiienna. 209
Korean Language: Items That Chosen as Anchor Items

£Or TWO ANCROT TESES ...cuvieniiiiiiiieiiee ettt 238
Spanish Language: Items That Chosen as Anchor Items

fOr TWO ANCROT TESES ...ttt 240

Chinese Language: Items That Chosen as Anchor Items

TOT TWO ANCROT TESES et e ettt e e e e e e e e e e e e e aaeeeeeeeeeeaaans 242
. Raw Score Statistics for Tests and Anchors for Anchor Test One...................... 245
Raw Score Statistics for Tests and Anchors for Anchor Test TWO ......ccoeuee....... 246

Korean Language: Levine Equating and Mean-Sigma Equating
for Verbal Section of Two Anchor TestS.......cocceveeviriiinieneniinieiecicnecnceecen 248
Korean Language: Levine Equating and Mean-Sigma Equating
for Non-Verbal Section of Two Anchor Tests.......c.ccovervverieneriiinienenicneeee 252
Spanish Language: Levine Equating and Mean-Sigma Equating

for Verbal Section 0f TWo ANChOT TEStS ...covurumneeeeeeeeeeeeeeeee e eeeeeeeeeeeeee e 254



43.

44,

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

xXvii

Spanish Language: Levine Equating and Mean-Sigma Equating

for Non-Verbal Section of Two Anchor Tests.........ccoceeververiiniiniienienciieneeee 258
Chinese Language: Levine Equating and Mean-Sigma Equating

for Verbal Section of Two Anchor Tests.........ccecveieieiininenininiiieiciciecne 260
Chinese Language: Levine Equating and Mean-Sigma Equating

for Non-Verbal Section of Two Anchor Tests.........ccoceevirieriiniiniienienciieneee 264
Korean Language: Double Linking for Verbal of Two Anchor Tests................. 267
Korean Language: Double Linking for Non-Verbal of Two Anchor Tests......... 271
Spanish Language: Double Linking for Verbal of Two Anchor Tests................ 273
Spanish Language: Double Linking for Non-Verbal of Two Anchor Tests........ 277
Chinese Language: Double Linking for Verbal of Two Anchor Tests................ 279
Chinese Language: Double Linking for Non-Verbal of Two Anchor Tests ....... 283
All Language Group: Difference between Two Functions for

Verbal Section of TWo ANchor Tests........cooeeiiierieiiieieeieeeec e 286

All Language Group: Difference between Two Functions for

Non-Verbal Section of Two Anchor Tests ......c.coceriiriiiiniiinieninicreceecene 290
Korean Language: SEE for Verbal Section of Two Anchor Tests..................... 306
Korean Language: SEE for Non-Verbal Section of Two Anchor Tests............. 310
Spanish Language: SEE for Verbal Section of Two Anchor Tests .................... 312
Spanish Language: SEE for Non-Verbal Section of Two Anchor Tests............ 316
Chinese Language: SEE for Verbal Section of Two Anchor Tests.................... 318

Chinese Language: SEE for Non-Verbal Section of Two Anchor Tests............ 322



XViil

List of Figures

Figure Page
1. Tlustration of Data Collection Designs of Test Equating............ccccoeevvevveeiirennnn. 34
2. The English form of a Grade 6 Social Studies Achievement Test Item ................ 49
3. Simple Pattern for Common-Item Non Equivalent Group Design........................ 86
4. Synthetic Group Using Levine Linear Equity Method............cccooevieiieniiiiiiennn. 99
5. The “Double Linking” Plan...........cccccoeviiiiiiiiiiiieiecieeee et 105
6. Korean Language: Means Scores by Forms and Language Groups.................... 111

7. Korean Language: Different Functions of Two Anchor Tests for
Verbal SECHIONS .....coueeuiiuieiiiiiieeereeeeeee e 120

8. Korean Language: Different Functions of Two Anchor Tests for
Non-Verbal SECtiONS.......ccceiriiiiiiiiiiiieeecece e 121
9. Korean Language: Diagram for SEE of Verbal Section...........ccccoceeviiinenncnne 123
10. Korean Language: Diagram for SEE of Non-Verbal Section..........cccceceeeeunnne 123
11. Spanish Language: Means Scores by Forms and Language Groups................... 127

12. Spanish Language: Different Functions of Two Anchor Tests for
Verbal SECHIONS .......ovueiiiriiiriieieeer et 135

13. Spanish Language: Different Functions of Two Anchor Tests for
NON-VErbal SECHIONS ......eeiiiiiiieiieiie ettt ettt ettt bee s ens 136
14. Spanish Language: Diagram for SEE of Verbal Section..........cccccoceeveriiniennee. 138
15. Spanish Language: Diagram for SEE of Non-Verbal Section............ccccceeueene 139
16. Chinese Language: Means Scores by Forms and Language Groups................... 143



17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

X1X

Chinese Language: Different Functions of Two Anchor Tests for
Verbal SECHIONS .....ccueeuieuiiiiiiieeieieee e 151

Chinese Language: Different Functions of Two Anchor Tests for

Non-Verbal SECtiONS.......cceeiriiiiiiiiiiiiececce e 152
Chinese Language: Diagram for SEE of Verbal Section.........c..cccceeveriencnnnennee. 154
Chinese Language: Diagram for SEE of Non-Verbal Section...........cccceoerennee. 155

Korean Language: Scree Plot of the Principle Component Analysis

Korean Language: Scree Plot of the Principle Component Analysis
£Or FOIM Bo.oooiiiii e 193
Spanish Language: Scree Plot of the Principle Component Analysis
£OT FOIM A Lottt 194
Spanish Language: Scree Plot of the Principle Component Analysis
fOr FOIM Bt 194
Chinese Language: Scree Plot of the Principle Component Analysis
FOT FOTIM A Lottt ettt et st 195

Chinese Language: Scree Plot of the Principle Component Analysis

£Or FOIM Bt 195
Korean Language: Delta Plot for All Content Specifications in Form A ............ 216
Korean Language: Delta Plot for Content Specification 1 in Form A................. 216
Korean Language: Delta Plot for Content Specification 2 in Form A................. 217
Korean Language: Delta Plot for Content Specification 3 in Form A................. 217

Korean Language: Delta Plot for Content Specification 4 in Form A................. 218



32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

Korean Language:
Korean Language:
Korean Language:
Korean Language:
Korean Language:
Korean Language:
Korean Language:
Korean Language:
Korean Language:
Spanish Language:
Spanish Language:
Spanish Language:
Spanish Language:
Spanish Language:
Spanish Language:
Spanish Language:
Spanish Language:
Spanish Language:
Spanish Language:
Spanish Language:
Spanish Language:
Spanish Language:

Spanish Language:

XX

Delta Plot for Content Specification 5 in Form A................ 218
Delta Plot for Content Specification 6 in Form A................ 219
Delta Plot for All Content Specifications in Form B ............ 219
Delta Plot for Content Specification 1 in Form B................. 220
Delta Plot for Content Specification 2 in Form B................. 220
Delta Plot for Content Specification 3 in Form B................. 221
Delta Plot for Content Specification 4 in Form B................. 221
Delta Plot for Content Specification 5 in Form B................. 222
Delta Plot for Content Specification 6 in Form B................. 222
Delta Plot for All Content Specifications in Form A ........... 223
Delta Plot for Content Specification 1 in Form A................. 223
Delta Plot for Content Specification 2 in Form A................. 224
Delta Plot for Content Specification 3 in Form A................. 224
Delta Plot for Content Specification 4 in Form A................. 225
Delta Plot for Content Specification 5 in Form A................. 225
Delta Plot for Content Specification 6 in Form A................. 226
Delta Plot for All Content Specifications in Form B ........... 226
Delta Plot for Content Specification 1 in Form B ................ 227
Delta Plot for Content Specification 2 in Form B................. 227
Delta Plot for Content Specification 3 in Form B................. 228
Delta Plot for Content Specification 4 in Form B ................ 228
Delta Plot for Content Specification 5 in Form B ................ 229
Delta Plot for Content Specification 6 in Form B ................ 229



55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

Chinese Language:
Chinese Language:
Chinese Language:
Chinese Language:
Chinese Language:
Chinese Language:
Chinese Language:
Chinese Language:
Chinese Language:
Chinese Language:
Chinese Language:
Chinese Language:
Chinese Language:

Chinese Language:

XX1

Delta Plot for All Content Specifications in Form A............ 230
Delta Plot for Content Specification 1 in Form A................ 230
Delta Plot for Content Specification 2 in Form A................ 231
Delta Plot for Content Specification 3 in Form A................ 231
Delta Plot for Content Specification 4 in Form A................ 232
Delta Plot for Content Specification 5 in Form A................ 232
Delta Plot for Content Specification 6 in Form A................ 233
Delta Plot for All Content Specifications in Form B............ 233
Delta Plot for Content Specification 1 in Form B................ 234
Delta Plot for Content Specification 2 in Form B................ 234
Delta Plot for Content Specification 3 in Form B................ 235
Delta Plot for Content Specification 4 in Form B................ 235
Delta Plot for Content Specification 5 in Form B................ 236

Delta Plot for Content Specification 6 in Form B................ 236

Korean Language: Equating Functions of Two Equating Chains for

Verbal Section Of ANChOT TESt ONE....ceeeeeeeeeeee e eeeeeeee e e 293

Korean Language: Differences between the Two Functions for

Verbal Section Of ANChOT TESt ONE.....oeeeeeeeeeee e eeeeeee e e e 293

Korean Language: Equating Functions of Two Equating Chains for

Verbal Section 0f ANChOT TESE TWO ...eeeeeeeeeeee et e e 294

Korean Language: Differences between the Two Functions for

Verbal Section 0f ANChOT TESE TWO ...eeeeeeeeeee e 294



73.

74.

75.

76.

77.

78.

79.

80.

81.

82.

83.

xxii

Korean Language: Equating Functions of Two Equating Chains for
Non-Verbal Section of Anchor Test One...........ccccoevininininiecieiiciineneeeeeee,
Korean Language: Differences between the Two Functions for

Non-Verbal Section of Anchor Test One...........ccccoevevinininieiieiicnicneneneeee,
Korean Language: Equating Functions of Two Equating Chains for
Non-Verbal Section of Anchor Test TWO.......ccccevvevininiiinieiieciceceeeee,
Korean Language: Differences between the Two Functions for

Non-Verbal Section of Anchor Test TWO.......c.cceeievinininininicciceceeeee
Spanish Language: Equating Functions of Two Equating Chains for

Verbal Section of Anchor Test One.........cceecveieiinininininieieicccecneeeee
Spanish Language: Differences between the Two Functions for

Verbal section of Anchor Test One ..o
Spanish Language: Equating Functions of Two Equating Chains for

Verbal Section of ANChor Test TWO .....cceieiiiiiiiiiiiiieeie e
Spanish Language: Differences between the Two Functions for

Verbal Section of ANChor Test TWO .....cc.eieiiiiiiiiieiiieiee e
Spanish Language: Equating Functions of Two Equating Chains for
Non-Verbal Section of Anchor Test One..........coeveeeiiieiiieiiienieiieeeieeeese e
Spanish Language: Differences between the Two Functions for

Non-Verbal Section of Anchor Test One.........ccoeveeeiieiiieiiienieiieieeeesee e
Spanish Language: Equating Functions of Two Equating Chains for

Non-Verbal Section of ANChOT TSt TWO ...ueeeeeieieeeeee e eeeeeeeeeaeaaaeee



&4.

85.

86.

87.

88.

&9.

90.

91.

92.

xXx1il

Spanish Language: Differences between the Two Functions for

Non-Verbal Section of Anchor Test TWO ........coceveeviiiinieniiicnieceieeee
Chinese Language: Equating Functions of Two Equating Chains for

Verbal Section of Anchor Test One.........cooeeeevieriiiiinienieieneeeeeeeee e
Chinese Language: Differences between the Two Functions for

Verbal Section of Anchor Test One.........coceevieviiriiiiinieniiieneeeeeeeeeee e
Chinese Language: Equating Functions of Two Equating Chains for

Verbal Section of Anchor Test TWO .....cceeviiiiriiniiiiiieeeeeee e
Chinese Language: Differences between the Two Functions for

Verbal Section of ANchor Test TWO .....ocveveiiiriiiiiiiiieeeeee e
Chinese Language: Equating Functions of Two Equating Chains for
Non-Verbal Section of Anchor Test One.........coceveeveevienieniniienienceieeeeee
Chinese Language: Differences between the Two Functions for

Non-Verbal Section of Anchor Test One.........cc.oevveiiieniieiiienieeieeeeeese e
Chinese Language: Equating Functions of Two Equating Chains for
Non-Verbal Section of Anchor Test TWO .......cccueeviiiiiiiiiiiiieieeeee e
Chinese Language: Differences between the Two Functions for

Non-Verbal Section of ANChOT TESt TWO ...uueeeieeeeeeeeee e



24

CHAPTER ONE

Introduction
Background of the Study
International collaborations arising from the growing international marketplace
provide exciting opportunities for researchers who are interested in cross-cultural and
international research. Adapted tests are being increasingly used to assess the knowledge
and skills of individuals from other cultures and who speak different languages (Sireci &
Berberoglu, 2001). Consequently, interest in adapting educational and psychological
exams from one language (source language) to another language (target language) has
increased in recent years. Increased interest in test adaptation is a natural result of the
spread in comparative studies across national, ethnic and cultural groups and the desire to
compare the achievement or aptitude of examinees in different countries and cultures. For
example, in Europe there are presently 38 countries, 727 million persons, and at least 30
languages. Efforts to adapt educational and psychological exams to ease the transition of
persons from one country to another are underway. In the United States, there are large
test adaptation projects underway with the National Assessment of Educational Progress,
the Scholastic Assessment Test and many others. Some of the most popular American
intelligence and personality tests have been translated into more than 50 languages
(Muniz, Hambleton, & Xing 2001).
When we talk about test adaptation, we must first distinguish between test
adaptation and test translation. Test adaptation is more descriptive of the process that

usually takes place with directions, formats, and contexts. However, test translation is
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only a small part of the process of test adaptation (Hambleton, 1994). The phrase test
adaptation is considered preferable by cross-cultural researchers because it does not
imply only a literal word-to-word translation. And the test adaptation process is typically
flexible and allows for complex word and situational substitutions so that the intended
meaning is retained across languages even though the translation is not completely literal
(Geisinger, 1994). Therefore, in this dissertation research, the phrase test adaptation will
be utilized instead of test translation.

Test adaptation is necessary as the need for multi-language versions of
achievement, aptitude and personality tests increases. Standards for Educational and
Psychological Testing (AERA, APA, & NCME, 1999) have been developed to help test
developers administer and use educational and psychological tests. Among these
standards, three seem to be relevant to test adaptation. Standard 6.2 states the need to
revalidate a test subsequent to major revisions such as when a test is adapted for use in a
second language. Standard 13.2 addresses the need to assess reliability and validity of
adapted tests for their intended uses. Finally, Standard 13.4 states the need to establish
the comparability of tests. These three standards provide a framework for sources of error
or invalidity that might arise in the test adaptation process.

However, when a test is adapted from a source language to a target language the
result is generally not a psychometrically equivalent test (Allalouf, 1999). In many cases,
psychometricians who deal with testing scores across different languages and who try to
achieve score comparability between the adapted version of a test and its source version
face serious difficulties. These difficulties are related both to differences between the

languages of the test and the cultural differences between the examinee groups. In order
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to use scores from two different forms or different versions of a test interchangeably they
must be based on a common scale, and more specifically, a corresponding relationship
between the scores on two given versions of the test must be established. Consequently, a
test equating must be employed.

The importance of equating began to be recognized by a broader spectrum of
testing researchers in the early 1980s (Woldbeck, 1998). Recently, a great deal of
progress in addressing the importance of test equating has been made. For example, the
American Educational Research Association (AERA), American Psychological
Association (APA), and the National Council for Measurement in Education (NCME)
(1999) Standards for Educational and Psychological Testing (ETS) devoted a substantial
portion of a chapter to equating, whereas the previous edition did not list equating in the
index (Kolen & Brennan, 1995). In addition, several studies have illustrated innovative
methodologies for statistically evaluating the comparability of translated items to their
original versions (e.g., Angoff & Cook, 1988; Budgell, Raju, & Quartetti, 1995; Ellis &
Kimmel, 1992; Hulin, Drasgow, & Parsons, 1983).

If equating has been successful, it is possible to discuss individual examinees’
growth over several administrations of a test, to identify changes in population
performance over a given period of time, and to compare students who take tests at
various times during a year (Angoff, 1971). Or in the case of test adaptation, successful
equating will illuminate the true change between the source language version of the test
and the target language version of the test. Therefore, test equating is critical in making
important decisions. Regardless of the type of decision that is to be made, it should be

based on the most accurate information possible: the more accurate the information, the
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better the decision will be (Kolen & Brennan, 1995). As a result, accurate test equating is
necessary. The focus of this research study is to evaluate the impact of different anchor
tests on the accuracy of test equating.

Test Equating

Test equating is a statistical procedure establishing the relationships between
scores from two or more tests and placing two or more tests on a common scale. It is
often used in situations where multiple forms or multiple versions of a test exist and
examinees taking different forms or different versions of the test are compared to one
another. In addition to statistical procedures, successful equating involves many aspects
of testing including procedures to develop tests, to administer and score tests, and to
interpret scores earned on tests.

Other terms used for equating are: linking, scaling, calibration, projection,
statistical modification, and social modification. However, these terms cannot be used
interchangeably because they are actually different (Linn, 1994). Many researchers
believe that a procedure may be called equating only if it is used strictly to equate two
testing forms or two versions of a test with the same content. For this reason, equating is
utilized in this dissertation study strictly because it is assumed that the two adapted tests
are from the same test specification, of equal length, and measure the same construct.

Although the terms used to describe these test equating procedures are different,
they are generally classified into two categories: horizontal and vertical. Horizontal
equating is appropriate when multiple forms or multiple versions of a test are required to
maintain test security. The forms or versions of a test may be not identical, but are

expected to be parallel in content and difficulty (Kolen, 1988). Equating procedures do
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not function as well when there are large differences in form-to-form or version-to-
version difficulty, reliability, or test content. The ability distribution of examinees is
expected to be approximately the same in a horizontal equating. When there are large
differences among ability distributions, traditional equating methods (e.g., linear and
equipercentile equating) may not be appropriate.

Vertical methods are used to equate scores on two tests intentionally designed to
be different in difficulty but still measure the same general knowledge or domain or
skills. Unlike horizontal equating, the ability distributions of examinees at the various
levels will be different (Barnard, 1996). The problem with vertical equating is that it is
considerably more complex than horizontal equating. Some measurement experts point
out that vertical equating is an appropriate term since equating adjusts for difficulty
differences rather than differences in content. However, others do not believe that vertical
equating should be included in test equating because the test content at various levels is
often different (Kolen, 1981).

Equating Assumptions

Test equating should meet four criteria before being successfully employed.
These four criteria are: same ability, equity, population invariance and symmetry
(Angoff, 1982; Kolen & Brennan, 1995; Lord, 1980). The same ability criterion means
that the tests to be equated must measure the same ability. If the tests are different in
content, they should not be equated. The equity criterion implies that the conditional
frequency distribution of scores on Test A after equating is the same as distribution of
scores on Test B. That is, scores on Test A and Test B should be interchangeable after

equating. The population invariance criterion means that the test should be independent
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of the sample of examinees employed in the equating process, and a conversion derived
from the equating should apply to all similar situations (Kolen, 1988). Last, the symmetry
criterion means that the transformation result should be the same regardless of which test
is used as converting reference or base, or the interpretation of the test scores should be
the same based on either equating from Test A to Test B or that from Test B to Test A. In
equating practice, every effort should be made to assure that the above criteria are
satisfied to the greatest extent possible (Kolen & Brennan, 1995).

Equating Methods

Test-equating methods can be classified as traditional equating or item response
theory equating. Traditional equating methods are based on classical test theory (CTT). In
CTT method, score correspondence of tests is established by setting characteristics of the
score distribution equal for a specified group of examinees (Kolen, 1998). Three often
used equating methods are (a) mean equating, (b) linear equating, and (c) equipercentile
equating (Barnard, 1996).

In mean equating, the means of two forms or two versions of the test are set equal
to one another for a particular group of examinees or two different language groups. That
is, the Form B scores are converted so that their mean will equal the mean scores on
Form A; and the source language version of the test is converted so that its mean will
equal the scores on the target language version of the test. This type of equating assumes
the differences in difficulty between the forms are constant throughout the entire score
range.

The second type of traditional equating is known as linear equating. Linear

equating is a special case of equipercentile equating. In this equating, the mean and
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standard deviation on the two forms for a particular group of examinees are set to be

equal, thus:

0, 0,

X, — x5, -
\TH XL, (1)

where x, is the raw scores, and x7, is the equated or adjusted scores, # and g, are
means and o, and o, are standard deviations of Test A and Test B respectively. Actually

this is a z-score transformation. Therefore, linear equating is also considered as
establishing equivalent z-scores for two different tests. This type of equating allows the
relative difficulty of the forms to vary along the score scale. For instance, Form A might
be relatively more difficult than Form B for low achieving students than for high
achieving students (Kolen, 1990).

In equipercentile equating, score distributions are set to be equal so that the same
percentile ranks from different tests are considered to be the same level of performance.
That is, the Form B distribution is set equal to the Form A distribution for a particular
group of examinees by scoring the two tests as percentages. Form B scores that are
converted using equipercentile equating have approximately the same mean, standard
deviation and distributional shape as do scores on Form A. Scores on Form A and Form
B with the same percentile rank for a particular group of examinees are considered to
indicate the same level of performance. This provides for even greater similarity between
distributions of equated scores than does linear equating. A plot can be constructed
between percentile ranks and raw scores for each of the two tests.

The following guidelines should be followed in choosing from among the

different traditional methods. Linear equating requires more restrictive assumptions than
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equipercentile equating. If tests to be equated have equal standard deviations, then mean

equating and linear equating will produce the same results. If the distributions have the

same shape, the linear and equipercentile methods produce the same results.

Equipercentile equating normally requires larger sample sizes than the other two methods

and is more complicated in computation. In this study, the linear equating method will be

utilized. See Chapter Three for detailed description of this equating method.

Test Equating Evaluation

The specification of criteria for evaluating a test equating is a critical issue. Over

a 50-year span, equating criteria have been developed, reviewed, and criticized as to both

usefulness and validity. Without appropriate measures of accuracy, a thorough evaluation

of the equating results is not possible. However, there is no single definitive criterion and

one criterion may not be appropriate for all equating contexts (Harris & Crouse, 1993).

The following summary of different equating criteria is from Harris and Crouse:

1. Weak equity or tau equivalence is considered a special case of Lord’s (1980) equity
definition. It only requires that means of the conditional distribution on each test after
equating be equal. This special criterion includes equivalent expected scores and
conditional variance of the equating function. The advantage of this criterion over the
other equating criteria is that it is directly aligned with a special case of Lord’s equity
definition of equating. Therefore, whenever Lord’s definition is adopted, it is
suggested that the weak equity criterion be used. However, the disadvantage of weak
equity is that it is relatively difficult to compute and explain.

2. Summary indices are often used to compare two sets of equating conversions. The

root mean square error (RMSE) is frequently used. The advantage of using indices is
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that they are easy to interpret. A disadvantage is that the index may not specify the
loss function or choice of standard.

Standard error of equating is an analytical method to estimate amount of equating
error from sampling, that is, one aspect of the accuracy of equating. This method is
easy to apply and interpret; however, it ignores systematic errors. The difficulty in
using this criterion is that although smaller errors are preferable to larger errors,
whether the magnitude of differences between standard errors is important or whether
the size of the errors of equating themselves is “large”, is unanswered.

Estimated scaling constants can be compared to actual constants with generated data.
Generated data means that data are generated or simulated. The advantage of this
method is that the true equating relation is known and can be used to evaluate the
results. This method is most useful when the generated data closely resemble the real
data of interest. The disadvantage of this method is the potential bias and the question
of how well generated data mimics real data remains unanswered.

Estimated scaling constants can be compared to actual constants if a test is equated to
itself. Equating a test to itself is also known as circular equating. A test is equated to
itself either directly or through a chain of intervening forms. Traditionally, the
circular equating criterion was intended to assess systematic error. This method has
the advantage of knowing the true equating. However, the drawback is that no
equating always works well.

A large sample criterion is used as an estimate of the population conversion to
evaluate the equating results from smaller groups. This criterion is easy to interpret;

however, a large sample is not always available.
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7. Consistency criterion means that equating results are compared across methods.
Usually all that can be concluded from such a comparison is whether the methods can
provide similar or dissimilar results and then one method will be substituted for
another for practical reasons. This method does not address accuracy.

8. A Stability criterion compares new procedures to conventional equating methods to
assess similarity but not necessarily accuracy. Cross-validation is a common example.
This method is easy to apply; however, it does not address the accuracy.

Two additional equating evaluation methods are recommended by Allalouf and

Rapp (2000). The first method is called the double-linking method. In this method, a new

test form is independently equated to two old forms. The two conversion functions are

averaged to produce a single conversion. If the two conversion functions differ more than
would be expected by chance, a systematic error would be expected in at least one of the
equating processes. This method was specifically developed for evaluating cross-lingual
equating. The second method is called the three channel method. These three channels

are: (a) using only the non-differential functioning translated items as internal anchor; (b)

using non-verbal (largely quantitative) translated items as external anchor; and (c¢) using

an internal, within-language equating channel, in which every new translated form is
equated to an already equated translated form. The advantage of this method is using both
internal anchor and external anchor as criteria in one study.

Based on the recommendation of the Kolen and Brennan (1995), and Allalouf and

Rapp’s (2000) studies for evaluating cross-lingual equating accuracy, the double linking

method is the only available equating evaluation tool for cross-lingual studies. Therefore,

in this research study the double linking equating criterion will be chosen to check the
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accuracy of different anchor tests. In addition, the mean standard errors of equating
criterion will be examined as well. See Chapter Three for detailed description.
Data Collection Designs for Equating

Test equating like other aspects of test development starts with data collection.
The three commonly used data collection designs are (1) single group design, (2)
equivalent groups design, and (3) anchor item design, which are illustrated in Figure 1

(Kolen & Brennan, 1995).

Figure 1

Hllustration of Data Collection Designs of Test Equating

/ Test 1

Test 2

Single Group Design — Group

Groupl —» Testl
Equivalent Groups Design
Group2 — > Test2
Group1 —>» Testl

Anchor Item Design Common Items

\ Group2 —> Test2

In the single group design, two or more testing forms are administered to the same
group of examinees. The advantage of this design is that measurement errors are

relatively small since there is only one group of examinees. Differences among tests are
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not confounded by differences among groups. The major factors to be concerned within
this design are fatigue and practice effects especially when tests are mentally and
physically demanding. To avoid fatigue and practice effects, either a spiraling process
should be applied or the order of testing forms should be counterbalanced.

The equivalent group design method involves two tests administered to two
equivalent groups of examinees. The groups are randomly formed and that is why this
design is also called the random groups design. An advantage in using this method is that
fatigue and practice effects are eliminated and testing time is minimized. However, a
negative factor is the unknown degree of bias introduced because groups often are not
identical in terms of their ability distribution. To control for this possible bias, larger
groups are generally required for this design (Kolen, 1998; Kolen & Brennan, 1995).

Finally, in the anchor item design, tests are administrated to two different groups
of examinees. This design is also called common-item nonequivalent groups design. A
set of common or anchor items is included in both tests or both forms, so that the
differences between the two can be adjusted based on common item statistics (Zhu,
1998). Two variations of the design are employed depending on whether the common
items are administered internally or externally. This design is also useful in measuring
growth when two groups are known to be non-equivalent, and is necessary when it is
impossible to administer more than one test due to test security or other practical
concerns like test adaptation. It is often used when developing an item bank in which
testing items are cumulated into a common scale. However, the use of an anchor item
design requires strong statistical assumptions for effects of group and test differences;

therefore, there should be enough common items with representative content to be
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measured. The number of common items to use should be considered on both content and
statistical grounds. The major disadvantage of the common item nonequivalent groups
design is the stringent statistical analysis underlying the technique.

Data collection design choice depends on practical concerns. Both single-group
design and equivalent-groups designs require administration of two tests to the same or
equivalent groups with little or no time intervening between test administrations.
However, this may be difficult to implement in practice. The anchor item design is less
restrictive and may be preferable in terms of practicality (Zhu, 1998). In this study, both
anchor item design and equivalent groups design will be chosen.

Selecting Anchor Items for Anchor Tests

When using anchor item non-equivalent groups design, anchor item sets should be
chosen very carefully. Equating can be successful only if the anchor items are well
selected. Even when an equating study is well designed and statistical assumptions are
met, an acceptable equating can be ineffective because anchor items differ from one form
to another. Therefore, the procedure for selecting anchor items deserves considerable
emphasis because problems with anchor items have serious consequences. If anchor
items are not properly selected, the data gathered in an equating study can lead to
erroneous conclusions about the comparability of the test forms (Kolen & Brennan,
1995).

In test adaptation, the anchor items selection procedure often requires
considerably more effort than that same language anchor items selection procedure
because the anchor items in cross-lingual equating are chosen from adapted items. These

adapted items are treated as if they were identical, as if they measure the same construct,
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and as if they have the same psychometric characteristics (Rapp & Allalouf, 2002).
However, it is very difficult to assure that all adapted items used as anchor items are
equivalent across languages. In addition, the equivalence of anchor items across
languages is the most basic requirement for any equating system to be effective.
Therefore, selecting proper anchor items in cross-lingual study is crucial for successful
equating.

The different approaches of selecting anchor items (hereafter different approaches
of selecting anchor items is referred to as anchor tests) will also have impact on the
accuracy of test equating for test adaptation. However, previous studies did not place
emphasis on the importance of different anchor tests. Therefore, the focus of this
dissertation research study is to find which anchor test results in the most accurate
equating.

The following criteria are utilized for choosing proper anchor items: (1) content
representations; (2) 20 items or 20% of the total items, whichever is larger; (3) best
translation; (4) identifying item difficulty and item discrimination; and (5) finding DIF
items using delta plot analysis. Combinations of (1) (2) (3); (1) (2) (4); and (1) (2) (5) of
the above anchor tests will be analyzed. More detailed description regarding different
anchor tests will be discussed in Chapter Three.

Statement of the Problem

The problem to be addressed focuses on the differential impact of anchor item
selections on equating accuracy between English language version and other target
language versions of the test. Until recently, the effect of different anchor tests on test

equating accuracy has been overlooked. Different test equating criteria for test adaptation
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have been used in many research reports; however, the impact of the different anchor
tests on the accuracy of equating remains unaddressed. Questions naturally arise as to the
extent to which different anchor tests produce more accurate equating results. What
problems are likely to result from treating different anchor tests as being equivalent on
equating accuracy if they are not?
Research Questions
The following research questions will be addressed in this research study. These
focal questions are intended to provide a means of investigating the general problems
previously described.
1. What is the best anchor test for equating two forms of the Korean language
version of the test and the English language version of the test?
2. What is the best anchor test for equating two forms of the Chinese language
version of the test and the English language version of the test?
3. What is the best anchor test for equating two forms of the Spanish language
version of the test and the English language version of the test?
Significance of the Study
The basic purpose of accurate test equating is to establish an effective equivalence
between test scores (Harris & Crouse, 1993). If accurate equating has been successful, it
is possible to discuss the true change over several versions of a test and to compare
students who took tests at various locations. The increased attention to accurate test
equating has been furthered by an expansion in the number of testing programs. Also, test
developers have referenced the role of accurate equating in arriving at reported scores to

address issues raised by testing critics while the accountability movements in education
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and resultant issues of fairness in testing have become much more visible (Kolen, 1995).
The content, format and related issues are vitally important in linking and developing
cross-lingual tests. The lack of strong comparability in these areas prevents the
development of reliable and valid linkages. Therefore, the goals of accurate equating
need to be clearly classified. The design for data collection, the equating linkage plan, the
statistical methods used, and procedures for choosing among results should be
appropriate for achieving the goals in the particular practical context in which equating is
conducted.

The significance of this study can be summarized as follows. First, this study can
improve test score integrity to assure fairness of a test or eliminate practice effect.
Second, this study addresses the issue of test score exchangeability. When cross-lingual
tests are being used to measure the same variable in practice, test scores often are not
comparable because they are set on different scales. Therefore, in order to compare
examinees or criteria across tests, it is necessary to first convert test scores through test
equating onto the same scale. Third, this study addresses test continuity. That is, it allows
for cross-lingual tests being used at different levels to measure growth or change in an
ability or trait.

Delimitations and Limitations of the Study

This study is delimited in that it used only one data set with three target language
groups to evaluate the test equating for the test adaptation. The design of this study
hinges on the test data available and the tests are limited to test adaptation only. The
sample size for target language versions of the test is small. As a result, the classical test

theory (CTT) method equating is the only option for equating different versions of the
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test in this study. The number of the anchor items, content of anchor items and the

different statistical analyses will effect the interpretations of the results. However, the

present study is limited in the following four aspects:

1.

The available Certified Quality Engineer (CQE) data that will be analyzed were not
necessarily adapted according to the best practices described in Chapter Two. The
secondary nature of the data analyzed in this study limited its design and the
generalizability of the study outcomes.

The criterion that used for evaluating accuracy of test equating had some inherent
limitations. The consequence of using arbitrary criteria for evaluating equating
accuracy is self-evident. The major drawback is that such criteria do not address
equating accuracy directly. The consistency between the chains for double linking
method and standard errors of equating (SEE) are measured. In addition, double
linking method has not been used widely, SEE method is very subjective. Therefore,
the evaluation outcomes based on the arbitrary criteria are interpreted with cautions.
The CTT-based equating methods used in this study assume linearity for the test
forms being equating. Therefore, the equating results should not be generalized to
testing context where non-linearity prevails. In addition, generalizability of this
study’s findings should be limited to the context where the Levine linear method and

Mean and Sigma method apply.
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Definitions of Terms

Anchor-Item Design

Anchor-Item Design is also known as common-item non equivalent group design.
In this design the tests to be equated are given to two different groups of examinees and
each test has a set of common items that may be internal or external to the tests. This
design is feasible and frequently used. If the anchor items are chosen properly, it avoids
the problems in the other designs (Hambleton & Swaminathan, 1991).
Anchor Test

Different approaches of selecting anchor items are called anchor test. The
following criteria will be utilized for choosing proper anchor items in this study: (1)
content representatives; (2) 20 items or 20% of the total items, whichever is larger; (3)
best translation; (4) identifying item difficulty and item discrimination; and (5) using
delta plot analysis. The combinations of (1) (2) (4) and of (1) (2) (5) of the above will be
analyzed. The combinations of (1) (2) (4) is called anchor test one and combination of (1)
(2) (5) is called anchor test two.
CQE Certified Professional Examination

CQE exam stands for Certified Quality Engineer exam. It consists of 160
multiple-choice questions that are carefully designed, and reviewed for correctness. All
these items are computer-scored and analyzed to properly determine the degree of
comprehension of the prescribed body of knowledge. There are in total six content areas
covered in this exam. The Exam is given in June and December twice a year in the

different languages.
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Culture

Hofstede (1997) defined culture as “the collective programming of the mind
which distinguishes the members of one group or category of people from another” (p.
260) and “derives from one’s social environment” (p. 5). In other words, it can refer
not only to race, but groups within race, such as the corporate culture, the culture of
small-town America or even the culture of a book-club that meets weekly. Marquardt and
Engel (1993) gave names to these different levels of culture, including corporate culture,
ethnic culture, regional culture, national culture, and global culture. They also stated that
culture is determined by religion, education, economics, politics, family, class structure,
language, history, and geography.
Globalization

The American Heritage Dictionary of the English Language defines globalization
as “making something global or worldwide in scope or application.” In business, this
term typically refers to the economic and social interaction and integration between
cultures, but relates as well to “political, social, cultural and environmental spheres”
(Walters, 1997, p. 4). This process of globalization can influence and affect many parts of
an organization, including the employees, customers, products, and the instructional
materials.
Internationalization

The Localisation Industry Standards Association (LISA, http://www.lisa.org/),
an international voluntary association developing guidelines in this area, has defined
internationalization as “the process of designing and implementing a product which is

as culturally and technically ‘neutral’ as possible, and which can therefore easily be
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localized for a specific culture or cultures” (LISA, 2001). As internationalization is a
forerunner to localization, it “reduces the time and resources required for the
localization process” (LISA). However, internationalization can take place without
localization.
Test Adaptation and Test Translation

Test adaptation includes such activities as (a) deciding whether or not a test can
measure the same construct in a different language and culture, (b) selecting translators,
(c) deciding on appropriate accommodations to be made in preparing a test for use in a
second language, and (d) adapting the test and checking its equivalence in the adapted
form. Test translation, on the other hand, is only one of the steps in the process of test
adaptation and, even at this step, adaptation is often a more suitable term than translation
to describe the actual process that takes place (Hambleton, 1992 p. 3).
Test Equating

Test equating is a statistical procedure to establish the relationships between
scores from two or more tests. This is a procedure to place two or more tests on a
common scale. It is often used in situations where multiple forms or multiple versions of
a test exist and examinees taking different forms or different versions of the test are
compared to one another.

Organization of the Dissertation

There are five parts included in this dissertation. In Chapter one, a background
study was provided including related issues of equating, test adaptation, the problem of
the study, research questions, significance of the study, limitations of the study and some

definitions of terms. Chapter two provided an extensive overview of previous study
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related to test equating and test adaptation. Research design, data collection and statistical
method were given detailed description in Chapter 3. The results of the analysis and
corresponded to the research questions can be found in Chapter four. In last Chapter five,

summary, conclusions and suggestions were provided in details.
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CHAPTER TWO

Literature Review

Recently, the issues and interest involved in test adaptation and test equating have
received considerable attention. This chapter presents an overview of previous research
from different authors focusing on test adaptation, test equating and the methods
appropriate to assess the accuracy of such test adaptation.

Test Adaptation

Previous Studies in Test Adaptation

Test adaptation stems largely from an increasing number of students worldwide
who are not proficient in English and the desire to compare the educational achievement
of students in different countries. There are numerous examples of the use of tests to
compare individuals across languages. The International Association for the Evaluation
of Educational Achievement (IAEEA) (1994) and Miura, Okamoto, Kim, Steere, and
Fayol (1993) compared the educational achievement of students in different countries
who received instruction in different languages. Ellis (1995), Hulin (1987), Hulin and
Candell (1986), and Sireci and Berberoglu (2000) evaluated the cross-cultural
generalizability of attitudes or psychological constructs. Angoff and Cook (1988)
evaluated the academic proficiency of non-English speaking students in the United States
with respect to their English-speaking peers. However, most of these test adaptation
studies have focused on tests that were adapted into Spanish from an original English

language version of the test.
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Test Adaptation and Test Translation

During the past several decades, the unique challenges of cross-cultural studies
have attracted considerable attention. Cross-cultural assessment has become a sensitive
issue due to specific concerns regarding the use of standardized tests across cultures and
languages. Within this context, Butcher and Garcia (1978) identified test translation or
test adaptation as two main problems associated with cross-cultural testing. One problem
arising from different languages and different cultures is comparing the accuracy of test
translation or test adaptation between English language version of the test and other
language version of the test. They found that the translated or adapted version of the test
is not identical with respect to its English language version of the test. Consequently, they
concluded that translation or adaptation of a test into another language is an important

task.

Hambleton (1992) distinguished the difference between test translation and test
adaptation:
The term test adaptation is preferred to the more popular and frequently used term
test translation in our work because the term test adaptation is broader and more
reflective of what should happen in practice when preparing a test that is
constructed in one language and culture for use in a second language and culture.
Test adaptation includes such activities as (1) deciding whether or not a test can
measure the same construct in different language and culture, (2) selecting
translators, (3) deciding on appropriate accommodations to be made in preparing
a test for use in a second language, (4) adapting the test and checking its

equivalence in the adapted form. Test translation, on the other hand, is only one of
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the steps in the process of test adaptation and even at this step, adaptation is often

a more suitable term than translation to describe the actual process that takes

place (p. 3).

Further, Hambleton (1993) outlined test adaptation procedures for international
achievement instruments. It was the basis for the test adaptation guidelines. Hambleton
acknowledged that any translation procedure is not merely of test translation, but test
adaptation:

Some researchers prefer the term test adaptation to test translation because the

former term seems to more accurately reflect the process that often takes place:

Producing an equivalent test in a second language or culture often involves not

only a translation that preserves the original test meaning, but also additional

changes such as those affecting item format and testing procedures. Such
changes may be necessary to insure the equivalence of the versions of the test in

multiple languages or cultures (pp. 3-4).

When tests are adapted from one language to another, they may not retain their
psychometric properties. For example, adapting a test from one language to another,
typically from English, may mean that items are organized by order of English difficulty,
rather than reflecting the developmental order of the target language.

Restrepo and Silverman (2001) found several item difficulty discrepancies
between the original English and the translated Spanish version when tested with
predominately Spanish-speaking preschoolers. For example, items that related to
prepositions were relatively easy for English speakers but were more difficult for Spanish

speakers. On the other hand, the function items requiring students to point out objects
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based on a description of their use (something like "Show me what people use for
cooking" or "What do you sweep with?") were easier for the Spanish speakers than the
English speakers.

Hambleton (1994) provided a nice example of how simple adaptation can create a
problem: “Where is a bird with webbed feet most likely to live? (a) in the mountains (b)
in the woods (c) in the sea (d) in the dessert.” When adapted into Swedish, the question
becomes much easier as the swimming feet will be used for Swedish word webbed feet.
Therefore, adaptation needs to consider the whole cultural context within which a test is
to be used.

Gierl, Rogers, and Klinger (1999) provided another example. In an English and
French comparison, English-speaking examinees were presented the item in Figure 2.
The phrase “historical record” was included in the correct option D for the English form
whereas the phrase “source of information” was used for the French form. Because the
caption for this item was a picture of an “ancient Greek vase,” the word “historical”
provided English examinees with a clue about the correct option. The outcomes from
these items will yield misleading test score interpretations if they are attributed to
achievement differences between language groups instead of translation errors.
Consequently, bias is always a concern when a test is adapted from one language or

culture to another.
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Figure 2
The English form of a Grade 6 Social Studies Achievement Test Item.
2. Ancient pottery, such as the vase, is important today mainly because it
a. shows a primitive aspect of Greek cultural
b. is fragile and must be kept in the museum
c. is considered priceless as art collectors

d. becomes a type of historical record

Figueroa (1989) noted that words may generally represent the same concept but
have variations and different levels of difficulty across languages. An illustration of this
is found in a study of vocabulary test adaptations (Tamayo, 1987). When test items were
adapted from English to Spanish, they differed in frequency of occurrence in each
language. Because the Spanish adaptations were of lower frequency within Spanish, test
scores obtained from Spanish speakers were lower compared to scores obtained from the
original English version. However, when the vocabulary items were matched for their
frequency of occurrence in the original and target language and matched for meaning, test
scores obtained from Spanish and English speakers were equivalent.

Similarly, across different languages the same general category may have
different prototypical members, and different words may be associated with each
language for the same situation. These contextual variations make adapted vocabulary
tests particularly vulnerable to imbalance. When Pena, Bedore, and Zlatic-Giunta (2002)

asked bilingual four- to six-year-olds to give examples of animals, the children's three



50

most frequent English responses were "elephant," "lion," and "dog," while in Spanish
they used "caballo" (horse), "elefante" (elephant), and "tigre" (tiger) in these orders.

In addition to vocabulary differences, grammatical structure also affects the
validity of test adaptation practices. For example, nouns are marked by gender in
Spanish, but not in English. An English test adapted to Spanish will miss aspects of
Spanish, such as gender marking, that are not present in the English language.
Furthermore, Spanish subject information is frequently carried in the verb resulting in
more complex verbs and less salient pronouns as compared to English. In English
language assessment, pronoun omission is a hallmark of language impairment yet this
would not be true for Spanish. Thus, adapted language tests may target inappropriate
features for the target language, resulting in inaccurate assessment of language ability.

Hambleton (1992) emphasized the need for care in adaptation and for ensuring the
equivalence:

Unless the adaptation work is done well, and evidence is compiled to establish, in

some sense, the equivalence of the two versions of the test, questions about the

validity of the adapted tests will arise. Also, the validity of comparisons among
countries where different versions of the test have been administered will be in

doubt until questions about the equivalence of the versions are resolved (p. 3).

Lonner and Berry (1986) summarized four types of equivalence in test adaptation:
functional equivalence, conceptual equivalence, metric equivalence, and linguistic
equivalence. Functional equivalence refers to the role or function that behavior plays in
different cultures. One cannot assume that behaviors play the same role or function across

cultures; therefore, assumptions made about the function of behavior in a cultural group
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must be verified. Conceptual equivalence refers to the similarity in meaning attached to
behavior or concepts. Certain behaviors and concepts may have different meanings across
cultures. Metric equivalence refers to the psychometric properties and indicates that the
scales measure the same constructs in different cultures. Finally, linguistic equivalence
refers to the actual translation process.

Fouad (1993) and Geisinger (1994) indicated that before selecting an assessment
instrument for use in test adaptation, researchers are trained to verify that the test is
appropriate for use with their population. This includes investigation of validity,
reliability, and appropriate norm groups to which the population is to be compared.
Validity and reliability take on additional dimensions in cross-cultural testing as does the
question of the appropriate norm group. The instrument must be validly adapted, the test
items must have conceptual and linguistic equivalence, and the test and the test items
must be bias free.

Hambleton (1993, 1994) identified two basic methods for test adaptation: forward
translation and back-translation. In forward translation, the original test in the source
language is translated into the target language and then bilinguals are asked to compare
the original version with the adapted version. In back-translation, the test is translated
into the target language and then it is re-translated back to the source language. It is
possible to repeat this process several times. Once the process is complete, the final back-
translated version is compared to the original version. Each adaptation process has its
strengths and limitations.

Hambleton (1993), Hambleton and Kanjee (1995) and Hambleton and Patsula

(1999) recommended adapting an existing instrument instead of developing a new one.
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The advantages of adapting an existing test are: (a) need, (b) cost, (c) security and (d)
fairness.

First, for cross-national, cross-language and cross-ethnic comparative studies, test
adaptation is necessary. Recent development of International Guidelines on Test Use is a
good example. That is, a detailed set of guidelines for adapting psychological and
educational tests in various different language and culture contexts has been presented.

Second, adaptations can conserve more time and expenses than creating a new
test for second language group. Normally, it will take years to develop and validate a new
test and cost a lot of money as well. By adapting a test, the existing database will provide
a framework to design and interpret the validity of the studies.

Third, by adapting an instrument, the researcher is able to compare the already-
existing data with newly acquired data, thus allowing for cross-cultural studies both on
the national and international level. Therefore, researchers often have a sense of security
when adapting a test instead of initiating a new test. Last, test adaptation can lead to
increased fairness in assessment by allowing individuals to be assessed in the language of
their choice.

Hambleton (2000) summarized sources of errors for test adaptation process: (a)
cultural/ language differences, (b) technical methods, and (c) interpretation of the results.
Failure to attend to the sources of error in each of these categories can result in an
adapted test which is not equivalent in the two languages and cultural groups.

Cultural and language differences can affect test scores for test adaptation.
Construct equivalence, test administration, test format and speed of responses should be

taken into consideration when evaluating the results of the two versions of the tests.
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Other response styles, such as acquiescence, tendency to guess and social desirability are
major concerns as well. Test format is an important factor for this category. Differential
familiarity with particular item formats presents an important source of invalidity of test
results in cross-cultural studies. For example, students from United States are all very
familiar with the selected response questions such as multiple-choice questions.
However, nationalities that follow the British system of education place great emphasis
on essays and short answer questions. Therefore, students from these countries are
positioned at a possible disadvantage as compared to their American counterparts.

For technical designs and methods, there are five major sources of errors that can
influence the validity of adapted tests: (a) the test itself, (b) selection and training of
translators, (c) the process of translation, (d) judgmental designs for adapting tests, and
(e) empirical analyses for establishing equivalence.

The last category is the factor affecting interpretation of results. In large scale
cross-cultural studies, the purpose of the test is to provide a basis for making comparisons
between various cultural and language groups in order to understand the differences and
similarities that exist. Therefore, when interpreting scores relevant factors external to the
tests or assessment measures should also be considered to minimize errors.

Lonner and Berry (1986) argued that the disadvantages of test adaptation include
the risk of imposing conclusions based on concepts that exist in one culture but that may
not exist in the other. That is, there are no guarantees that the concept in the source
culture exists in the target culture. Another disadvantage of adapting existing tests for use
in another culture is that if certain constructs measured in the original version are not

found in the target population, or if the construct is manifested in a different manner, the
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resulting scores can prove to be misleading. However, they concluded that despite the
difficulties associated with using adapted instruments, this practice is important because
it allows for greater generalizability and allows for investigation of differences among a
growing diverse population.

Another issue that must be considered in cross-cultural assessment is test bias.
Fouad (1994) asserted that the test user must ascertain that the test and the test items do
not systematically discriminate against one cultural group or another. Test bias may occur
when the contents of the test are more familiar to one group than to another or when the
tests have differential predictive validity across groups. Culture plays a significant role in
cross-cultural assessment. Whenever tests developed in one culture are used with another
culture there is the potential for misinterpretation and stagnation unless cultural issues are
considered. Therefore, issues of test adaptation, test equivalence and test bias must be
considered in order to fully utilize the benefit of cross-cultural assessment.

van de Vijver and Poortinga (1991) summarized five possible problems in cross-
cultural testing. These five problems are: (a) problems related to the testers, (b) problems
related to the examinees, (c) problems related to the interaction between tester and
examinee, (d) problems related to the response procedure, and (e) problems related to the
stimulus materials.

Testers and examinees could be the obstacles to measurement of the trait being
measured. Although the effects of testers have been generally small, they may have been
a threat to the validity of the measurement. The choice of examinees can affect the
results. Differences in the different culture groups may be responsible for observed

differences in performance rather than differences in the trait being measured.
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Interaction between the tester and examinees may also be a source of difficulty.
Establishing clear communication between testers and examinees as the expectation of
the test is important to proper test use.

Clear response procedure is very important. Different level of familiarities with
the response medium could affect measurement of the trait of interest. The method of
presentation of stimuli can also be a difficulty. That is, a problem of differential
familiarity with the materials used to respond to the exam.

Akagi (1991) addressed more problems encountered in adapted tests: (a) validity;
(b) familiarity with the material used; and (c) ceiling effects. Validity is the first concern,
that is, when adapting a test, it should stem from the context in which the items exist. The
concern about the familiarity with the material used is that the adaptations must be made
to conform to the standards used in the country of interest. Different level of familiarity
with the system may make the item easier or harder, and thus distort the comparisons
between languages. Ceiling effects may affect comparisons between languages if one
language group shows the effect and the other does not. This may result in
misunderstanding the effects of instruction.

Important Guidelines for Test Adaptation

Guidelines for test adaptation are very important for cross-cultural assessment and
many researchers agreed that there is a need for guidelines for test adaptation. Bullinger,
Anderson, Cella, and Aaronson (1993) proposed both a minimum and an optimum set of
criteria for conducting test adaptation studies. At a minimum level, forward and
backward translation studies, reliability and validity studies in each language and cultural

groups on samples of at least 100, and clear documentation of the test adaptation process
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and findings would be needed. At an optimum level, more translators would be used and

more reviews of the translations would be conducted, and expended efforts to establish

empirically the equivalence of the test in multiple languages and cultures would be
carried out.

The International Test Commission (ITC) is an association of national
psychological associations, test commissions, test publishers and other organizations
committed to promote effective testing and assessment policies and to the proper
development, evaluation and uses of educational and psychological instruments (ITC,
1995). ITC consists of a 13-person committee of psychologists representing a number of
international organizations to prepare a set of guidelines for adapting educational and
psychological tests. Among its various activities, the ITC is responsible for a number of
international projects. Over the past few years, the ITC has adopted a policy of focusing
attention on those areas where international coordination of effort is most important. As a
consequence of this, two major projects have been initiated. One has been concerned with
guidelines on adapting tests, the other more recently on developing guidelines for test
use. Bartram (1995) summarized a number of reasons why guidelines on test adaptations
are needed at an international level:

1. Difference in Statutory Control. Countries differ greatly in the degree of statutory
control that can be exercised over the use of testing and its consequences for those
tested. Some national professional societies have statutory registration, whereas
others do not; some have mechanisms for the control of standards of test use by non
psychologists, whereas others do not. The existence of a set of internationally

accepted guidelines would provide national psychological associations and other
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relevant professional bodies and organizations with a degree of support in their
endeavors to develop standards in those countries where they are currently either
lacking in some respect or nonexistent.

Pattern of Access. Patterns of access in terms of the rights to purchase or use test
materials vary greatly from country to country. In some countries, access is restricted
to psychologists, in others to users registered with formally approved national test
distributors, in yet others test users may be free to obtain materials without restriction
from suppliers in their country or directly from suppliers abroad.

Background of Test Users. A recent international survey (Bartram & Coyne, 1998)
showed that for both educational and work-related testing, non psychologist users far
outnumber psychologists. Only in the area of clinical testing, which in volume terms
is relatively small, do psychologists tend to account for the majority of test users.
International Copyright. A number of well-known instruments have appeared on the
Internet in violation of copyright without acknowledgment of the test authors or
publishers, and without regard to issues of test security.

Mobility of Labor. Within the occupational testing arena, the greater international
mobility of labor has increased the demand for tests to be used on job applicants from
a number of different countries often with the tests being administered in one country
on behalf of a potential employer in another.

Internet Applications. Development work is being carried out in the United States and
in Europe on the use of the Internet for distance-assessment or remote-assessment in

both occupational and educational settings. This raises a whole host of issues relating
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to standards of administration and control over the testing process, including test

security.

The ITC has worked for 3 years to produce near final drafts of 22 guidelines
organized into 4 categories: (a) context; (b) instrument development and adaptation; (c)
administration; and (d) documentation and score interpretations. Each guideline by itself
is described by a rationale for inclusion, a set of steps for achieving the guideline, a list of
common errors, and references for follow-up study. Sireci (1997) provided the following

critical guidelines for test adaptation.

1. Getto Know The Culture As Well As The Language. Cultural difference should first
take consideration in test adaptation. Familiar features of tests in one culture may be
completely unfamiliar in another culture. Therefore, the construct equivalence (Sireci,
Bastari, & Allalouf, 1998) of the knowledge, skills, and abilities tested must be
considered, as well as the cross-lingual generalizability of the practice analyses and
test specifications. Becoming familiar with the cultures to be tested will help in

deciding whether it is sensible, legitimate, and feasible to adapt an existing test.

2. Select Translators Carefully. The quality of a test adaptation depends on the quality of
the translators. Hambleton and Patsula (1999) summarized at least four criteria to be
considered in selecting translators: (a) proficiency in both languages, (b) familiarity
with both cultures, (c) proficiency in the subject matter tested, and (d) item writing
expertise. When choosing translators, all four criteria should be considered because
item writing expertise is trainable, however, the other qualities are more difficult to

find or teach.
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Involve As Many People in The Adaptation Process As Possible. The rule in test
adaptation is the more people involved in the adaptation process, the better the
adaptation will be. Several adaptation designs are available, such as forward
translation, backward translation, parallel development, and combinations of these
designs (Brislin, 1986; Hambleton, 1994). Critiques of these designs consistently
suggest that independent teams of translators be used whenever possible, so that they
can check one another's work. A related important issue to consider is the diversity of

dialects within a language.

Pilot-Test the Adapted Examination. A pilot test is essential in test adaptation
process. A pilot test can help evaluate construct equivalence and item functioning
across languages. In addition to statistical analyses, interviews of examinees who sit
for the pilot test should prove illuminating regarding the quality of the adaptation and

the comparability of test scores across languages.

Conduct Statistical Analyses of Test Quality and Comparability. Statistical analysis
plays an important role in test adaptation. The equivalence of the constructs
measured, the functioning of the items, and the validity and comparability of the
passing standards across languages are all issues that can be evaluated statistically.
For example, reliability and validity statistics, factor or multidimensional scaling

analyses, and differential item-functioning analyses all can be computed.

Document The Adaptation Process. Test adaptation like most test development
activities is not static one-time events. The entire process from the decision to adapt

to selection of the translators, through conduct of the validation studies, should be
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thoroughly documented. This documentation will be useful to examinees, licensing
authorities, and other invested parties; it will also be useful to test developers when

they need to replicate the process.

Test Equating

When we talk about test equating, no matter what equating procedure is chosen,
first we have to understand the conditions of equivalence. Lord (1980), Angoff (1984),
and Dorans (1990) summarized the following: (a) same construct, (b) equity, (c)
symmetry, (d) population invariance, and (e) unidimensionality.

The requirement of same construct of two tests can be achieved by carefully
selecting items that measure the same construct during the test construction process.
Since the equating is a process of transforming scores for the purpose of comparison, it
makes no sense for the forms of a test or two versions of the test to measure different
constructs.

Equity requires that individuals have the identical proficiency no matter what
forms or versions of the tests are taken. That is, every ability level of the conditional
frequency distribution on one form of the test is the same as that of another form. The
equating transformation is symmetric, that is, the equating of A to B is in inverse of the
equating of B to A.

The population invariance refers to no matter which groups of examinees are
used; the equating results should not change with the characteristics of the particular

groups except for the underlying construct that the test is measuring. It can be assessed by
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the examining the relationship of equivalence across sub-groups. The condition of
population invariance is one of the goals of test equating.

Unidimentionality is a requirement for IRT equating. Therefore, IRT equating is
more restrictive than the other equating methods.

Different Ways of Defining Equating

Test equating has been defined in many ways. Angoff’s (1971) proposed the
equipercentile equating definition:

Two scores, one on form X and the other on from Y (where X and Y measure the

same function with the same degree of reliability) may be considered equivalent if

their corresponding percentile ranks in any given group is equal (p. 563).

Lord’s equity (1980) requires that the conditional distributions of scores on each
test after equating must be equal. Divgi (1981) presented two approaches to equating
based on the concept of equity and the “given group” must consist of persons with
exactly the same ability. Weak equity or tau equivalence (termed weak equity by Divgi,
1981, and tau equivalence by Yen, 1983) are considered special cases of Lord’s equity
definition, and only requires that the means of the conditional distributions of scores on
each test after equating being equal.

Morris (1982) summarized the difference between strong and weak equating by
stating:

Two tests are strongly equated if every individual in the test population has the

same probability distribution for the score on both tests. Two tests are weakly

equated if each individual in the test population has the same expected score on

both tests (p. 171).
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In the cross-lingual equating case, when the general assumptions do not hold
perfectly, it had led some researchers to label the relationship between two language
forms as linking rather than equating. Brennan (2001) stated a typical justification for
using the term linking:

I use the word “equating” to refer to a statistical relationship between scores on

forms of a test constructed according to the same content and statistical

specifications and administered under the same conditions. By contrast, when any

of these conditions are not fulfilled, I use the term “linking” (p.10).

Aspects That Influencing Satisfactory Equating

Brennan and Kolen (1987a) provided a set of guidelines for satisfactory equating.
First, for test structure, the test content and statistical specifications for tests being
equated ought to be defined precisely and be stable overtime. The test should be
reasonably long with at least 35 items and the scoring keys should be consistent. Item
statistics should be obtained from pretest or previous use of the test. Second, a list of the
ideal situations for equating are: (a) two sets of common items embedded in the full
length test were desired; (b) the anchors should be at least half of the total test in length
and reflect the total test in content and specification and statistical characteristics; (c) at
least one link form was administrated no earlier than one year in the past, and at least one
link form was administered in the same month as the form to be equated; and (d) each
common item should be in the same position between the two forms. Last, the
characteristics of the examinee group should be stable over time. That is, the curriculum,
training materials and field should be stable. Also, the size of the groups should be

relatively large (i.e., more than 400).
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There are many literature reviews about how to select or tailor an equating
method to practical needs. For adapted tests, it is expected to be highly accurate when
selecting an equating method that functions better for that particular test. Crocker and
Algina (1986) summarized the aspects to consider in selection of equating methods: (a)
are the underlying assumptions tenable? (b) is the procedure practical? and (c) how good
is the equating result?

First, the premise of a model application is that all the underlying assumptions
hold. Both equipercentile equating and linear equating assume that the tests being
equated measure the same trait with equal reliability. In addition, linear equating assumes
that the tests being equated have identical shape for the score distributions differ only in
the mean and/or standard deviations. IRT equating requires unidimentionality and item
and ability invariance assumptions. If the assumptions do not hold, these equating
methods may lead to erroneous results.

Second, random assignments may save time and money for equating, but it is not
always practical or feasible because tests are usually administered to convenient intact
groups of examinees. Thus anchor design will be a solution. However, if either linear or
equipercentile methods is used, the results will not be accurate because the assumptions
can not be held without random assignments. Methods based on latent trait theory are
more adequate although this method is more laborious and costly.

Third, equity accuracy depends on the conditions of equivalency, that is, same
construct, equity, and symmetry and group invariance. Perfect equivalency is very
difficult to determine since the true score cannot be known and can only be estimated

from the observed scores. Therefore, there is no absolute criterion for equating accuracy.
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The degree of accuracy is often estimated by comparing the equating result against
arbitrarily sound criteria.
Different Designs for Cross-Lingual Studies

Hambleton (1993, 1994), Sireci (1997), Hambleton and Patsula (1998) and Cook
(2000) reviewed the various design methods for equating tests across languages. They
concluded that there are three designs for cross-lingual equating: (a) the bilingual group
design; (b) the matched monolingual groups design; and (c) the separate monolingual
groups design.

The bilingual group design is to assure that a group of bilingual examinees
equally proficient in both languages with respect to the construct being measured are
tested in the two languages versions of the test. If there is a difference in achievement
between the two language versions, it is attributed to differences in the difficulty of the
two versions. Although promising, a problem is that in practice it is very difficult to find
examinees who are equally proficient in both languages.

The second design is that a group of examinees from each language is selected so
that they are matched on particular criteria, such as socio-economic status and the level of
education. They compare the achievement of these groups. A major problem with this
design is the need to choose relevant and available criteria for matching.

The third separate monolingual groups design is the most popular design in cross-
lingual equating. It is a variation of common-item non equivalent groups design, which is
used for ‘regular’ same language equating (Angoff, 1984). In this design, source
language and target language versions of a test are administered separately to source- and

target- language examinee groups respectively. A set of items common to the two tests is
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used to link the scores. These items are treated as if they were identical and measure the
same construct, and as if they have the same psychometrical characteristics. Since this
method does not require examinees with special characteristics (bilingual, ‘matching’)
that might be difficult or impossible to find, this method seems to be relatively easy to
apply. However, due to uncertainty that all the translated items used as anchor items are
equivalent across languages, which is the basic requirement for equating to hold, a
separate monolingual group’s procedure suffers from a theoretical flaw. In addition, it is
difficult and practically impossible to ensure that different languages test versions
measure exactly the same construct. Therefore, a high risk of equating error will occur.
Anchor Item Design

Equating results depend on the accuracy of the anchor tests in cross-lingual
studies. Consequently, it is crucial to adequately select anchor items. The most important
characteristics of the anchor item selection for test adaptation are content representation,
adequate anchor items, literal translation, and items showing no DIF.

Content Representation

Budescu (1985) pointed out that whether the anchor items are representative to the
overall items of the tests being equated in terms of content and statistical properties is
very important when groups are vary in ability. The magnitude of the correlation between
the anchor test and the unique components of each test form was the single most
important determinant of the efficiency of the equating process. Brennan & Kolen (1987b)
further indicated that any substantial content change entailed a re-scaling and re-norming

of the test with a new ‘origin’ form to which subsequent forms were equated.
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Number of Anchor Items

It is impossible to offer universal guidelines for selecting the length of anchor
items (Kolen & Brennan, 1995). However, for its specific purposes, each test needs to
take into account the time, cost and context constraints as well as the particular index of
efficiency when determine the length of the anchor. Angoff (1984) summarized a rule of
thumb for the appropriate number of anchor items is at least 20 items or 20% of the total
number of items in a test, whichever is larger.

McBride and Weiss (1974) claimed that 40 to 60 anchor items may be needed to
calibrate an item pool using classical test model. Based on theoretical values of standard
errors of item estimates, Wright (1997) considered an example of 400 persons and anchor
items of 10 to 20 as sufficient for most equating situations. Wright contended that ten
anchor items may be adequate if the items are good.

McKinley and Reckase (1981) investigated effects of sample size and anchor test
length on precision of the item parameter estimates. There were three levels in test length:
5, 10 and 25 items. Correlation between linked estimates and estimates obtained from the
original total sample was used as an evaluation criterion. Obtained correlation values
under all conditions were close to unity. Despite trivial differences among the
correlations, results generally indicated the longer the anchor item and the larger the
sample size, the better the precision. Only in one condition was the five-item anchor better
than the 15 anchor. This investigation concluded that a five-item anchor might be
adequate, but a 15 anchor was suggested.

Raju, Edwards, and Obsberg (1983) and Lord (1980) suggested that as few as five

or six carefully chosen items could perform as satisfactory anchors in IRT equating when
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the item parameters of both tests were estimated in a single analysis using IRT concurrent
methods. However, Hills, Subhiyah, and Hirsch (1988) studied the effect of anchor test
length and found that five randomly chosen anchor items of a mathematics test were not
sufficient to produce satisfactory equating results. An anchor of ten items was found
satisfactorily sufficient when IRT method was adopted.

None DIF Items

Differential item functioning (DIF) analyses are often used during the test
adaptation process to identify items that function differently between language groups
(e.g., Allalouf, Hambleton, & Sireci, 1999; Budgell, Raju, & Quartetti, 1995; Hambleton,
1994; van de Vijver & Leung, 1997). DIF is present when examinees from different
language groups have a different probability or likelihood of answering an item correctly
after conditioning on overall ability.

When items show DIF, these items should be removed from anchor tests because
these items lower the reliability and validity of the adapted tests. Further, the DIF items
should remove from the item bank so that they will not be used in the future tests.
However, removing these items from an item bank involves a financial aspect since new
adapted items are expensive to produce.

Allalouf (2003a) identified the methods in detection DIF in test adaptation. He
stated that in test adaptation and cross-lingual assessment, DIF detection methods assist
in making crucial decisions before and after adapting a test. Before adapting a test refers
to a process of determining the translatability of tests and items, and after adapting a test

is a process of scoring, equating and maintaining a cross-lingual item bank.
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They are so many findings for DIF in test adaptation studies. Generally, adapted
items do vary in the amount of DIF found. Angoff and Cook (1988) analyzed the
equivalence between the SAT and its Spanish-language counterpart, the Prueba de
Aptitud Academica (PAA). They found that verbal items that contain more text have
higher DIF than items containing less text, where every word is critical and every
adaptation problem has an effect on item performance. For example, reading
comprehension items have higher DIF than verbal analogies. On the other hand, no DIF is
expected in non-verbal items such as math or figural items, as noted by Gafni and
Melamed (1994).

Some studies list the possible causes of DIF between test forms in different
languages. One study for example, Allalouf, Hambleton and Sireci (1999) studied the
adaptation of the verbal reasoning domain of the PET (Psychometric Entrance Test, which
is used in selecting candidates for universities in Israel) from Hebrew to Russian. They
found that DIF is likely to occur if there are differences between source and target
language in: (a) word difficulty, (b) item format, (c) cultural relevance, and (d) content.

In another study, Gierl, Rogers, and Klinger (1999) identified four similar sources
of DIF in Canadian Achievement Test administered in English and French. The sources
they found were: (a) omission or addition of words or phrases that affect meaning, (b/c)
differences in words or expressions inherent/not inherent to the language or culture, and
(d) format differences between the test forms in different languages. They created an
eleven member panel that, by using these sources, had significant success in predicting the

language group that would perform better on item bundles.
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Allalouf, Hambleton, and Sireci (1999) found the causes of DIF in verbal
reasoning that were associated with specific item types. These causes are: (a) item is
adapted from source to target language, (b) translation is not correct, (c) the format does
not remain exactly the same, (d) the words do not have the same level of difficulty, and
(e) there are some differences in culture relevance. This study not only tells us the
importance of identifying of DIF items in cross-culture testing, but also demonstrates the
cause of DIF that are so crucial in development of translated tests and enhancing score
validity. However, this study only had two languages involved, the generability of other
languages is a big challenge.

Allalouf (2003b) examined item revision as a tool for improving test adaptations.
A panel of eight translators and researchers are formed to revise the items shown DIF in
author’s previous study. The author found revising items (a) can retain translated items
and maintain item bank size, (b) provides a better understanding of the sources of DIF,
and (c) determines which revision is more effective. This study created an empirically
based guideline for future studies. That is, the cause of DIF could have been eliminated
earlier during the translation process of an item. When DIF is found, implementing a
revision design similar the study can eliminate or reduce DIF and improve the validity of
adapted tests.

Evaluating Test Equating Accuracy

The purpose of equating is to obtain comparable scores that well estimate the

underlying true scores. How good are true scores estimates and to what extent are the

equated scores are comparable? In this section, a review of previous studies of double
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liking method and standard errors of equating method on equating accuracy will be
presented.

Double Linking Method

Kolen and Brennan (1995) proposed a double linking procedure for common-item
non equivalent groups design. This procedure that is often used to solve the problems
associated with developing linkage plans, that is, to use two old forms to equate new
forms. It provides a built-in stability check on the equating process leading to greater
equating stability. With two links, a second link still is available to be used for equating
even if the strong statistical assumptions required under this design are violated for one of
the links. In addition, in anchor item design if a significant number of common items on
one link is found to have problems, or if security problems are discovered with one of the
versions of the test, then a second link still exists that can be used to conduct the
equating. Therefore, double linking method is strongly recommended when feasible.
However, double linking requires greater effort in test development and in equating than
does equating using a single link.

Rapp and Allalouf (2002) used double linking method for evaluating and
validating cross-lingual equating for test adaptation. In this method, a new test form is
independently equated to two old forms. Then the two conversion functions are averaged
to produce a single conversion. If the two conversion functions differ more than would be
expected by chance, it would suggest that a systematic error occurred in at least one of
the equating processes. This method provides a built-in check on equating and leading to
greater equating stability for cross-lingual studies; however, it also introduces more

complications into the equating process.
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Standard Errors of Equating (SEE)

There are two general sources of error in estimating relationship when equating is
conducted: random error and systematic error (Kolen & Brennan, 1995). Standard errors
of equating provide estimates of the amount of error due to sampling examinees. As the
size of the sample approaches infinite, the standard errors of equating approach to zero
(Harris & Crouse, 1993). Crouse (1991) compared the accuracy of equating conducted
using various methodologies for three data collection designs. They used bootstrapping to
obtain estimates of error. Their single-group counterbalanced design was chosen as their
criterion. However, the fact they employed real data in the study prevented them from
knowing the true equating conversions.

Loret (1975) described the method used to empirically estimate the standard
errors of linear and equipercentile equating for the anchor test study. The equatings were
replicated eight times on half samples of schools. Error was defined as the square root of
the average squared deviations of the equivalents determined by each of the eight
replications. These errors provided a basis for evaluating the equating results for the
seven standardized reading tests studied.

Zeng (1993) estimated the standard errors of linear equating for the single group
design with and without the normality assumption. A computer simulation was generated
to obtain bootstrap standard errors, and a real data example was used to evaluate the
behavior of the estimated standard errors.

Summary
Literature reviews of test adaptation confirm that adapting an existing instrument

instead of developing a new one has many advantages (Hambleton, 1993; Hambleton &
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Kanjee, 1995). That is the reason why test adaptation is very important in cross-lingual
assessment. Hambleton (1992) distinguished the difference between test adaptation and
test translation. However, among all these reviews, the disadvantages of test adaptation
have been widely discussed (Lonner & Berry, 1986; van de Vijver & Pootinga, 1991).
Cultural and language differences are the major concern. They argued that it is very
difficult to impose conclusions based on the concepts in one cultural that may not exist in
the other culture (Fouad, 1994). Some studies found that the test and test items do not
systematically discriminate against one culture groups or the other. Therefore, validity
and reliability studies in test adaptation should take more care than the other studies
(Froud, 1993; Geisinger 1994).

ITC (International Test Commission) developed the Guidelines for Adapting
Educational and Psychological Tests and later summarized by Hambleton (1994, 2001).
These guidelines provide guidance regarding the adaptation process and encourage test
developers to conduct statistical analysis to check cross-lingual equivalence. Some
critical guidelines for test adaptation have been summarized (Sireci 1999).

Test equating has been defined in several ways. Lord’s equity requires that the
conditional distributions of scores on each test after equating must be equal (Lord, 1980).
Weak equity or tau equivalence requires that the means of the conditional distributions of
scores on each test after equating being equal (Divgi, 1981; Yen, 1983). Equipercentile
equating only requires that the corresponding percentile ranks in any given groups are
equal (Angoff, 1971).

When selecting an equating method, it is expected to be highly accurate in that

equating method function better for that particular test. That is, test equating assumptions,
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data collection methods, and ways to evaluate test equating should take into consideration
before choosing an equating method (Crocker & Algina, 1986). There are three linking
designs for cross-lingual equating and the monolingual groups design is the most popular
one (Cook 2000; Hambleton, 1993, 1994; Sireci, 1997; Hambleton & Patsula, 1998;
Wainer, 1999).

Studies regarding anchor item design showed that whether the anchor items are
representative the overall test is very important (Busescu, 1985; Kolen & Brennan, 1987).
Many studies summarized different rules of thumb in choosing anchor items under
different conditions (Angoff, 1984; Lord, 1984; Wright, 1977; Mckinley & Reckase,
1981; Mebride & Weiss, 1974; Hills, Subhiyah, & Hirsch, 1988; Raju, Edwards, &
Obsberg, 1983). Differential item functioning (DIF) study and test equating cannot be
treated as two separate issues (Angoff & Cook, 1988). Items with DIF not only increase
the errors of test equating, but could also be biased towards some examinees. Therefore,
studies of DIF in anchor item design focus on detecting the differential statistical
properties in order to delete DIF items before performing test equating. On the other
hand, studies of test equating usually assume that all items are free from DIF influences.
There were many studies summarized the causes of DIF in test adaptation (Gierl &
Khalig, 2001; Allalouf, Hambleton, & Sireci, 1999). One study found that revision DIF
items instead of deleting them can improve the validity of the adapted tests (Allalouf,
2000).

There are many studies on how to evaluate the accuracy of equating. Double
linking method provides a built-in stability check on the equating process leading to

greater equating stability (Kolen & Brennan, 1995). Further, a study applied this double
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linking method for evaluating and validating cross-lingual equating in test adaptation
study (Rapp & Allaloft, 2000). Standard error of equating (SEE) is an important method
in evaluating the accuracy of equatings as well. Several studies addressed standard errors
of linear equating using different designs (Loret, 1972; Zeng, 1991). All these studies
preferred smaller errors to larger errors. However, whether the magnitude of the
differences between standard errors is important or whether the size of the errors

themselves is large, is a subjective determination (Harris & Crouse, 1993).
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CHAPTER THREE

Research Methodology

Chapter Three has two major parts. Part one presents a detailed description of the
research design including research instrument, research subjects, items and contents, and
data collection procedure. Part two provides a detailed description of the basic data
analysis employed in this study including ways of choosing anchor items, equating
methods, and anchor tests evaluation methods.

Research Design
Instrument

The test used in this study is a two-form and three target language version of a
certification test. Based on the available test data, there are only three target language
groups that will be investigated in this study: Chinese, Korean and Spanish. The test data
are the scores on the two forms of each target language. The source language (SL) and
target language (TL) versions of the tests are selected from a total of 8322 examinees
taking the source language version of the test and another 620 examinees taking the target
language versions of the test. Both SL and TL versions of the test consist of 160 items in
each test.

The tests are administered using computers. The two groups taking different test
forms in each language are randomly formed. The test forms are comprised of four-
alternative multiple choice questions. The items are administered in random order, and all
the item responses are scored as correct or incorrect (coded as 1 or 0, respectively). There

are different anchor items in different anchor tests and all the anchor items are identically
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embedded in each TL and SL in terms of location. The anchor items are chosen from the
total items and are a part of the total test. The stem, alternatives, and stimulus materials
for the anchor items are identical for the two versions of the test in three different TLs.

The test forms generally meet the equating requirements that were previously
mentioned in the review of equating guidelines. All tests have sufficient numbers of items
and all the items are reasonably long. The test items are administered and secured under
standardized conditions. Some items have been administered in previous years under the
same standardized testing situations and found to be satisfactory. In addition, the scoring
keys are clear and consistent for the two forms of the test in different TLs.
Subjects

A total of nearly 9,000 (8322 + 620) examinees took the test in both SL version
and TL version over a period of several years. The data obtained for this study contained
no identifiers of individuals who took the tests. Examinees taking the test in SL all took
the test in the United States; examinees taking the test in TLs all took the test in the TL
countries. Table 1 through Table 3 presents the number of examinees from TLs and SL;
Table 4 and Table 5 show a breakdown of TLs and SL, respectively. In Table 4 and Table

5, SL and TL are matched by year.



Table 1

Number of Examinees for Korean Language and English Language
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TL One Frequency Percentage Frequency Percentage
(Forml) (Forml) (Form2) (Form 2)

English Language 875 92 1422 92

Korean Language 71 8 123 8

Total 946 100 1545 100

Table 2

Number of Examinees for Spanish Language and English Language

TL Two Frequency Percentage Frequency Percentage
(Forml) (Form1) (Form2) (Form 2)

English Language 1441 93 1455 96

Spanish Language 116 7 64 4

Total 1557 100 1519 100

Table 3

Number of Examinees for Chinese Language and English Language
Frequency Percentage Frequency Percentage

TL Three (Forml1) (Forml) (Form?2) (Form 2)

English Language 1463 93 1677 93

Chinese Language 116 7 130 7

Total 1579 100 1807 100
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Table 4

Comparison of Number of Examinees for Different Target Languages

TL Frequency Percentage
Chinese (Year 1999-2000) 246 40
Spanish (Year 2000-2001) 180 29
Korean (Year 2002-2003) 194 31

Total 620 100

Table 5

Comparison of Number of Examinees for Source Language in Different Years

SL Frequency Percentage
English (Year 1999-2000) 3130 38

English (Year 2000-2001) 2895 35

English (Year 2002-2003) 2297 27

Total 8322 100

To become certified, the examinees are strongly encouraged to participate in
training programs before they start to take the formal certification tests. Since the training
program provides examinees valuable insights regarding the formal certification tests, it is
assumed that all the examinees from all countries had knowledge before formal tests were

administrated.
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Item Format and Test Specification

The test consists of items in a multiple choice (MC) format and divided into two
major sections: non-verbal and verbal. In each version of the test there are four response
options and all items are scored dichotomously. Each item can be located in the content
specification that it belongs. In section one there are five verbal content specifications;
there is only one non-verbal content specification covered in section two. Table 6 shows

the test specifications.

Table 6

Number of Items by Content Specification

Content Specification Items

Verbal Management and Leadership in Quality Engineering 19
Quality System Development, Implementation, and Verification 19

Planning, Controlling, and Assuring Product and Process Quality 33

Reliability and Risk Management 11

Problem Solving and Quality Improvement 25
Non - Verbal Quantitative Methods 53

Total 160

Data Source

The test data were provided by American Society of Quality to the researcher upon
request for the purpose of this research study. The tests were administered in three TLs

from year 1999 to year 2003.
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Data Analysis Procedure

In evaluating the psychometric properties of tests that are adapted into multiple
languages three types of empirical analyses are typically utilized (Sireci, Harter, Yang, &
Bhola, 2000). First, descriptive analyses are conducted to provide preliminary
information on the impact of the exam (e.g., differences in average exam performance
across language groups), the reliability of the scores from each version of the test, and the
functioning of each item in each language (within-language item analysis). Second,
dimensionality analyses are carried out to assess the equivalence of the dimensional
structure across the source language and target language versions of the test. Third,
differential item functioning (DIF) and test equating will be analyzed to assess the
differences in item difficulty across language groups as well as to place two versions of
the test into the common scale to identify the potential translation problems or other
sources of item bias. In this study, the following data analysis procedures will be
employed.

Phase 1: A Preliminary Study of the Data

A preliminary inspection of test data is the procedure used to find whether the two
versions of the test in each language are parallel within languages and across languages.
By simply comparing the mean and standard deviation between two versions and two
forms of the test we would expect them to have the same mean and standard deviation
(within sampling error). A two-way ANOVA using form (Form A vs. Form B) as one
factor and language (source language vs. target language) as the other factor will be
employed to examine whether the means and standard deviations differ. If mean and

standard deviation are the same between two versions of the test, it is likely that the two
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groups are similar in their abilities; otherwise the two groups may differ in their abilities.
Also, if the mean and standard deviation are the same for the two forms of the test, we can
conclude that the two test forms are identical. A F-test will be employed as well to
examine whether there is a significant difference exists in the variability of the groups and
variability of the tests.

Kolen and Brennan (1995) suggest that with the common-item non equivalent
groups design, mean differences between two groups of approximately 0.1 or less
standard deviation unit on the common items seem to cause few problems for any of the
equating methods. Mean group differences of around 0.3 or more standard deviation unit
can result in substantial differences among methods, and differences larger than 0.5
standard deviation units can be especially troublesome. Additionally, ratios of group
standard deviations on the common items of less than 0.8 or greater than 1.2 tend to be
associated with substantial differences among methods. Differences in group standard
deviations have the potential to lead to differences among methods that are at least as
great as those caused by differences in means.

Phase 2: Investigating Reliability and Validity of the Items

Reliability and validity are two very important issues in test adaptation. If a test
gives different results at different versions of a test, the results may indicate that the test is
not valid. In addition, it is impossible for an adapted test give the same results over time
but not measure what it supposes to measure.

Reliability

The reliability of measurement refers to “the degree to which test scores are free

from errors of measurement” (AERA, APA, & NCME, 1999, p. 19). The two most
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frequently reported indices of reliability are the standard error of measurement and the
reliability coefficient. The standard error of measurement (SEM) is a measure of the
extent to which an individual’s scores vary over numerous parallel tests. It is the standard
deviation of an individual’s scores if he or she took numerous parallel tests. The standard

error of measurement (SEM) is estimated using the following formula:

SEM = SD /-7« )
where SD is the standard deviation of observed scores for a single test and 7y is the
reliability coefficient for the test.

Among the several approaches to estimate the reliability of a test, Cronbach’s
alpha is probably the most frequently used. It is a measure of internal consistency (i.e.,
how homogeneous test items are) appropriate for a test containing only multiple choice
(MC) items.

In this study, Cronbach’s alpha will be examined between two forms and two
versions of the test in each TL. Moderate to high reliability indices are desirable. Also,
each pair of forms and each pair of tests should have similar degrees of internal
consistency.

Validity

The validity issue is the most important psychometric property of any
measurement and this is true for cross-lingual assessment as well. Oosterhof (2001)
defined “validity pertains to the degree to which a test measures what is supposed to
measure. Validity is the most central and essential quality in the development,

interpretation, and use of educational measures” (p. 45).
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van der Vijver and Tanzer (1997) provided guidance to cross-cultural researchers
for evaluating translated instruments for validity issues. In providing their taxonomy of
test validity in cross-cultural assessment, they discussed three levels of equivalence. The
first level of equivalence is construct equivalence, which signifies that the same construct
is measured by instruments in all cultural groups. The second level of equivalence is
measurement unit equivalence, which occurs when the assessments are measuring the
same construct using a common metric, but the origin of the metric differs, such as in the
case of the Farenheight and Celsius temperature scales. The third level of equivalence is
scalar equivalence, which occurs when all assessments are measuring the same construct
using the “same measurement unit and same origin” (p. 266).

Construct equivalence is most often established through rational analysis and
familiarity with the cultural groups being assessed. The primary issue to be resolved is
whether the construct to be measured exists in all cultures and can be measured in an
equivalent manner. Measurement unit equivalence and scalar equivalence are more
difficult to establish. Therefore, many test specialists and cross-cultural researchers have
stressed the need to ensure construct equivalence in different language versions of an
assessment (e.g., Geisinger, 1994; Hambleton, 1993, 1994; Sireci, 1997, in press; van der
Vijver & Poortinga, 1997). For example, the Guidelines for Adapting Educational and
Psychological Tests developed by the International Test Commission stipulate that

instrument developers/publishers should apply appropriate statistical techniques

to establish the equivalence of the different versions of the instrument

(Hambleton, 1994, p. 232).
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This requirement relates to construct equivalence. That is, if a test lacks construct
comparability, it can lead to test bias, which implies that inferences derived from test
scores are not equivalent across groups. In this study, the data set will be analyzed to
investigate construct equivalence using SPSS principle components analysis (PCA) and
compare the results with parallel analysis (PA).

Phase 3: Choosing Anchor Test Items

Anchor items are the test items that represent for various subject area,
instructional level, instructional objective measured, and various pertinent item
characteristics (e.g., item difficulty and discriminating power) (Gronlund, 1998). There
are two kinds of anchor items: internal anchor items and external anchor items. Items that
contribute to the examinees total scores are referred to as internal anchor items. Internal
anchor items are often interspread throughout a test. External items are the items that do
not contribute to the examinees total scores and are frequently administered as a separate
and timed block of items (Kolen & Brennan, 1995). Internal anchor items will be used in
this study.

The fundamentals of anchor item design in this study can be perceived as similar
to Angoftf’s (1971) Equating Design IV or Equating Design VI. The essentials of these
designs are as follows: source language test X is administered to Group A; target
language test Y is administered to Group B. Different test versions X and Y have a set of
items in common (i.e., the anchor items). The anchor items are administered to both
group A and B and are used to adjust differences that exist between the two versions of
the test. This is illustrated in Figure 3. The rationale underlying almost all the equating

methods under this design is:
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1. The sample statistics of test X are projected to the group that takes only test Y
through the relationship between test X and the common set, V. This is then repeated
for test Y.

2. A synthetic group (sometimes called the synthetic population) is formed as a
weighted combination of the groups that completed tests X and Y. The sample

statistics for tests X and Y are projected to the synthetic group.



Figure 3

Simple Pattern for Common-Item Non Equivalent Group Design
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KSL — Source Language

TL — Target Language

K: Number of Items

Vi: Items in Verbal of SL

V,: Items in Verbal of TL

NV;: Items in Non-Verbal of SL

kNVZ: Items in Non-Verbal of TL
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The selection of anchor items in test adaptation can depend on both practical
considerations and statistical considerations. The following criteria will be utilized for
choosing proper anchor items in this study: (1) content representations; (2) 20 items or
20% of the total items, whichever is larger; (3) best translation; (4) identifying item
difficulty and item discrimination; and (5) using delta plot analysis. Practical
consideration means those criteria (1) or (2) or (3) will be examined, while statistical
consideration is related to criteria (4) or (5). However, statistical analysis does not make
anchor items identical in context, it only maximizes the similarity of the common items
(Allalouf & Rapp, 2002). Therefore, the anchor set that is eventually used is a
combination of both practical consideration and statistical consideration, that is, the items
must be content representative and limited to certain numbers of the items. In addition,
statistical analysis or best adaptation practices need to be examined as well.

In this study, the combinations of (1) (2) (4) and of (1) (2) (5) of the above will be
analyzed. Combination of (1) (2) (3) can not be examined in this study due to the
difficulty of getting actual test items to identify the test adaptation procedure.

Content Representation

Content representation means that anchor tests should be built to have the same
specifications proportionally as the test itself. Klein and Jarjoura (1985) defined content
representation as a match between anchor test and total test of the percentage of items in
each of the several content areas. They concluded that content representativeness of
anchor items was critical to equating accuracy. In addition, in constructing anchor items,
the number of anchor items should be long enough to adequately represent test format

(Kolen & Brennan, 1995). It may seem safest to use a long, content-representative anchor
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having item statistics that reflect the item statistics of the total test. In a practical setting,
however, this may not be possible. If items are frequently updated or changed, the
questions required for long content-representative anchors may no longer exist in the item
pool.

Cook and Peterson (1987) reported that inadequate content representation of the
common-item set creates especially serious problems when the examinee groups that take
the alternate forms differ considerably in achievement. In addition, serious problems can
result if the contexts in which the common items appear differ from the old form to the
new form, or from one version of the test to the other of version of the test. One way to
avoid having the common items function differently in the two groups is to administer
common items in approximately the same position between the two forms or the two
versions of the test.

In this study, content representation focuses on tightly defined content areas
within the test, all of which fall within a somewhat restricted domain. In other words, the
content areas correspond to the table specification used to assemble the test. Additionally,
these common items were in about the same positions.

The Number of Anchor Items

The number of the anchor items used should be considered on both content and
statistical grounds. Budescu (1985) and Wingersky et al. (1987) concluded that too few
items could lead to many equating problems, while large numbers of anchor items would
lead to less random equating error.

Some studies support the very small anchor item design. For example, Harris

(1993) conducted a simulation study using a small pool of items and recommended that a
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small number of anchor items could lead to the same results as a large number of anchor
items could. However, because educational tests tend to be rather heterogeneous, a large
number of anchor items are likely required for adequate equating in practice.

Kolen and Brennan (1995) suggested a rule of thumb that the number of anchor
items should be at least 20% of the length of a total test containing 40 or more items,
unless the test is very long, in which case 30 anchor items might be enough. Another rule
of thumb for the minimum length of the anchor items is 20-25% of the number of items
on either of the tests (Woldbeck, 1998). Angoff (1971) proposed 20% of the total length
or 20 anchor items, whichever is greater. In this study, Angoff’s suggestion will be
utilized as a minimum number of anchor items.

Best Translation

Test adaptation and test translation are two very important tasks in cross-lingual
study. Test translation is part of test adaptation and is a very important procedure of test
adaptation as well. Here we focus only on test translation in test adaptation procedure.

Translation is a kind of activity which inevitably involves at least two languages
and two cultural traditions (Toury, 1978). Newmark (1988) defined culture as the way of
life and its manifestations that are peculiar to a community that uses a particular language
as its means of expression. Vermeer (1989) stated that language is part of a culture,
therefore, language and culture can be seen as being closely related and both aspects must
be considered for translation.

An instrument sometimes can be translated on a question-by-question basis,
however, at other times, it must be translated only in concept (Gersinger, 1994). There

are four types of test translations (Casagrande, 1954): (a) Pragmatic translation: the sole
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interest lies in communicating accurately in the target language what was contained in the
source language; (b) Aesthetic-poetic translation: the purpose of which is the evocation of
moods, feelings and affect in the target language that are identical to those evoked in the
source language; (c) Ethnographic translation: is aimed at maintaining the meaning and
the cultural content of the source language in the target language; (d) Linguistic
translation: is concerned with equivalence of meanings of both morphemes and
grammatical forms of the two languages.

Best translation in psychological instruments must be concerned with evaluating
translations of ability tests, measures of attitudes, interests that are designed to assess
individual differences (Hulin, Drasgow, & Parsons, 1983). They claimed that translations
carried out in this area would most likely be classified as ethnographic translations
although it does not fit with this category perfectly. Translators producing these
translations must be familiar with both the source and target cultures as well as with the
source and target languages. They must know how words and phrases are interpreted in a
culture and use them appropriately in the translated version.

Item Difficulty and Item Discrimination

Item difficulty is simply defined as the percentage of students taking the test who
answered the item correctly. The larger the percentage responding correctly the easier the
item. The higher the difficulty index, the easier the item is understood to be (Wood,
1960). To compute the item difficulty, divide the number of people answering the item
correctly by the total number of people answering item. The proportion for the item is
usually denoted as p and is called item difficulty (Crocker & Algina, 1986). For example,

an item answered correctly by 85% of the examinees would have an item difficulty, or p-
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value, of .85, whereas an item answered correctly by 50% of the examinees would have a
lower item difficulty, or p value, of .50. Item difficulty ranges for 0 to 1. Zero item
difficulty means that no one answered the item correctly, whereas item difficulty of 1
means that all examinees answered the item correctly.

Item difficulty is basically a behavioral measure. Rather than defining difficulty in
terms of some intrinsic characteristic of the item, difficulty is defined in terms of the
relative frequency with which those taking the test choose the correct response
(Thorndike et al, 1991). One cannot determine which item is more difficult simply by
reading the questions. One can recognize the name in the second question more readily
than that in the first. But saying that the first question is more difficult than the second,
simply because the name in the second question is easily recognized, would be to
compute the difficulty of the item using an intrinsic characteristic.

Another implication of item difficulty is that difficulty is a characteristic of both
the item and the sample taking the test. For example, an English language test item that is
very difficult for an elementary student could be very easy for a high school student. Item
difficulty also provides a common measure of the difficulty of test items that measure
completely different domains. It is very difficult to determine whether answering a
history question involves knowledge that is more obscure, complex, or specialized than
that needed to answer a math problem. When item difficulties are used to define
difficulty, it is very simple to determine whether an item on a history test is more difficult
than a specific item on a math test taken by the same group of students.

Item difficulty has a profound effect on both the variability of test scores and the

precision with which test scores discriminate among different groups of examinees
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(Thorndike et al, 1991). When all of the test items are extremely difficult, the great
majority of the test scores will be very low. When all items are extremely easy, most test
scores will be extremely high. In either case, test scores will show very little variability.
Thus, extreme item difficulties directly restrict the variability of test scores.

Item discrimination refers to its ability to distinguish between more and less
knowledgeable students (Oosterhof, 2001). That is, if the test and a single item measure
the same thing, one would expect people who do well on the test to answer that item
correctly, and those who do poorly to answer the item incorrectly. A good item
discriminates between those who do well on the test and those who do poorly. The higher
the discrimination index, the better the item because such a value indicates that the item
discriminates in favor of the upper or more knowledgeable group, which should get more
items correct. Two indices can be computed to determine the discriminating power of an
item, the item discrimination index and discrimination coefficients.

In computing the discrimination index, first, score each student's test and rank
order the test scores. Next, the 27% of the students with the highest scores and the 27%
with the lowest scores are separated for the analysis. Wiersma and Jurs (1990) stated that
"27% is used because it has shown that this value will maximize differences in normal
distributions while providing enough cases for analysis" (p. 145). There need to be as
many students as possible in each group to promote stability, at the same time it is
desirable to have the two groups be as different as possible to make the discriminations
clearer. Although Nunnally (1972) suggested using 25%, according to Kelly (1981) the

use of 27% maximizes these two characteristics.
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The discrimination index is the number of people in the upper group who
answered the item correctly minus the number of people in the lower or less knowledge
group who answered the item correctly, divided by the number of people in the larger of
the two groups. Wood (1960) stated that

when more students in the lower group than in the upper group select the right

answer to an item, the item actually has negative validity. Assuming that the

criterion itself has validity, the item is not only useless but is actually serving to

decrease the validity of the test. (p. 87)

A negative discrimination index is likely to occur when an item covers complex
material and is written in such a way that it is possible to select the correct response
without any real understanding of what is being assessed. A less knowledgeable student
may make a guess, select that response, and come up with the correct answer. More
knowledgeable students may be suspicious of a question that looks too easy, may take the
harder path to solving the problem, read too much into the question, and may end up
being less successful than those who guess. As a rule of thumb, in terms of discrimination
index, .40 and greater are very good items, .30 to .39 are reasonably good but possibly
subject to improvement, .20 to .29 are marginal items and need some revision, below .19
are considered poor items and need major revision or should be eliminated (Ebel &
Frisbie, 1986).

Two additional indicators of the item's discrimination effectiveness are point
biserial correlation and the biserial correlation coefficient. The choice of correlation
depends upon what kind of question we want to answer. The advantage of using

discrimination coefficients over the discrimination index (D) is that every person taking
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the test is used to compute the discrimination coefficients and only 54% (27% upper +
27% lower) are used to compute the discrimination index.

Biserial correlation coefficients (rv;s) are computed to determine whether the
attribute or attributes measured by the criterion are also measured by the item and the
extent to which the item measures them. The 1,5 gives an estimate of the well-known
Pearson product-moment correlation between the criterion score and the hypothesized
item continuum when the item has been dichotomized into right and wrong (Henrysson,
1971). Ebel and Frisbie (1986) state that the ry,;s simply describes the relationship between
scores on a test item (e.g., "0" or "1") and scores (e.g., "0", "1",..."50") on the total test for
all examinees.

The point-biserial (rpbis) correlation is used to find out if the right people are
getting the items right, and how much predictive power the item has and how it would
contribute to predictions. Henrysson (1971) suggests that the rpp;s tells more about the
predictive validity of the total test than does the biserial r, in that ry;s tends to favor items
of average difficulty. It is further suggested that the ;s 1S a combined measure of item-
criterion relationship and of difficulty level. Therefore in this study, point-biserial

correlation will be used. It is calculated as the following:

rpbis = IU+G_ qu \/p/q (3)

X

where 1, means of criterion score for examinees who get the item correct, x_1is the
mean score of the test for the entire group, o is the standard deviation of the test for the

entire group, p is the proportion of examinees who get the item correct, and g equals to 1-

p- The point-biserial correlation is similar to Pearson correlation between an item score
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and the total score (Crocker & Aligina, 1986). In this study, items that will be chosen as
anchor items are the items that are of moderate difficulty and discriminate well.

Delta Plot Method

The Delta Plot method can be utilized to screen for DIF items. The non-DIF items
that are closest to principal axis will be used as anchor items (Angoff, 1982). The
principal axis is an orthogonal least square line that best fits the data symmetrically. It
minimizes the sum of the squared deviations between the two variables so that the role of
both variables is the same. In the delta plot method, the principal axis is also called equal
difficulty line (Angoff, 1982). This method receives wide use by many testing agencies
because it provides a useful impression of the functioning test items across two groups,
especially when sample sizes are small and an analysis that can be completed quickly is
needed (Robin, Sireci & Hambleton, 2003). The key to using this method successfully is
to view the findings as exploratory. However, a well-known weakness of this method is
that Type I and Type II detection errors are likely to increase when item discriminations
are not homogeneous (Angoff, 1982; Camilli & Shepard, 1994; Dorans & Holland,
1993).

The history and suitability of the Delta Plot procedure is described by Angoff
(1982). This method is also good for studying cultural differences (Beller, 1996). In its
simplest form, items are deemed non-DIF when item difficulties from one group are
perfectly correlated with difficulties in another group, thus creating a straight line in the
scatter plot. This is illustrated by placing item difficulties for one group on the y axis and
items difficulties for another group on the x axis (Crocker & Algina, 1986). The

researchers look at the plots of item difficulties obtained in the two groups and identify
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the anchor items, the items that are very close to the principal axis of the data. Because
the item difficulties are ordinal measurements, it is customary to assume that the item
difficulties were obtained by examinees from normal ability distributions, and report the
item difficulties as normal deviates on a scale with mean and standard deviation equal to
13 and 4 respectively (referred to as “ETS delta values™ after the organization that
pioneered their use in test development work). Therefore, for a item difficulty of .50 the
corresponding delta value would be 13. If the item difficulty were .84, the delta value
would be 9.0, and for a item difficulty of .16, the delta value would be 17.0.

When using the delta plot method, there are three values that are necessary to
identify possible anchor items: item difficulty, z-scores, and delta measures. First, item
difficulty scores for the two different groups are computed on the items chosen. Second,
z-scores are found by using a z-scores table and finding the cut off score for the item
difficulty of each item. Third, the cut off z-scores for the p-values are then converted to a
normal deviate with an arbitrary mean and standard deviation using mean as 13 and
standard deviation as 4. The formula for calculating deltas, the transformed normal
deviates is the following:

Delta =4z + 13 “)

The pair of normal deviates, one pair for each item, are plotted on a bivariate
graph to demonstrate possible items that are close to the principle axis are identified as
anchor items (Fisk, 1991). When the groups are of the same type and of the same level of
ability, the plot of these points will ordinarily appear in the form of an ellipse extending
from lower left to upper right. This often represents a correlation of 0.98 or even higher,

indicating that the rank orders of difficulty of the items is essentially the same in the two
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groups. However, when the groups are drawn from different populations, the points will
be dispersed in the off-diagonal direction and the correlation represented by the points
will be lower. Delta plot analyses (Angoff, 1982, 1993) are the easiest to implement and
can be done directly in a spreadsheet program such as Microsoft Excel or in a statistical
package such as SPSS.

Phase 4: Levine Linear Equating Method for Anchor Item Design

The most basic of the equating methods is linear equating. Linear equating
assumes that the two tests to be equated differ only with respect to means and standard
deviations. The distributions of the raw scores for the two tests are assumed to be equal
except for mean and standard deviation. Crocker and Algina (1986) define equivalent
scores as those that “can be identified as determining the pair of scores, one on form X
and one on form Y, that have the same z-scores” (p. 458). The conversion from one test
to another is accomplished using additive and multiplicative constants in the forms of the
following equation (Angoff, 1971) for a synthetic group R:

Y=AX+B (5)
R is a weighted combination of the two groups X and Y. This equation is used for all of
the designs, the only difference being the calculations of A and B.

In converting the above equation to a linear equating, a transformation is found
such that scores on X and Y on R are said to be equated if they correspond to the same
number of standard deviation units above and below the mean in R. See below for
detailed description of synthetic group. The linear equating function is (Dorans &

Lawrence, 1990):

L(y)y=m +s./s,(y=—m,) (6)
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where L (y)is the linear equating function for Y to X, and m_, m, s and s are means

vs Mys
and standard deviations, respectively, of the score distributions of X and Y on R.

Among linear equating methods, two of the more popular methods are Tucker’s
equating method and Levine’s equally reliable method. Woodruff (1989) looked at both
Tucker and Levine methods and concluded that the Levine method was more sensitive to
group differences than Tucker method. Woodruff also noted that the Levine method
should be an appealing method because it permits large group differences on the anchor
test.

Kolen and Brennan (1995) compared the relationship between Tucker and Levine
equating methods and concluded that the Levine methods are more appropriate than the
Tucker methods when groups are dissimilar. They suggested that one of the Levine
methods should be chosen when it is known or strongly suspected that populations differ.
However, if the groups are too dissimilar, then any equating is suspect.

The Levine equally reliable linear equating method will be employed in this study
to compare the different anchor tests. This method was originally developed by Levine in
1955, although he did not explicitly consider the concept of synthetic population. Kolen
and Brennan (1987) formulated Levine equally reliable linear equating method by
emphasizing the notion of a synthetic population, a combination of the proportionally
weighted populations of examinees taking different test forms. The synthetic group is
conceived of as containing two strata. Examinees from Form One are considered to be a
random sample from stratum 1 and examinees from Form Two are considered to be a
random sample from stratum 2. Weights w; and w; are used to weight the strata defining

the synthetic group. This process is illustrated in Figure 3.
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There are three ways to choose weights. One is to choose weights proportional to
the sample size of examinees from each groups, that is, w; =n;/ (n; + ny) and w, = 1 —
w;. Second, the weights are chosen to be equal, where w; = w, = .5. Third, synthetic
group is defined as the new group, therefore w; = [ and w, = () may be chosen.

From a practical perspective, the synthetic group that leads to the most direct
score interpretation is preferable (Kolen & Brennan, 1987). When a new form is
administered and scored, the focus of score interpretation is on the group that just took
the new form. Since equating based on w; = I and w, = 0 allows a direct comparison and
interpretation of how the new group performed on the new form to how the new group
performed had it been administered the old form. Therefore, in this study, w; = I and w;

= () of choosing weights will be utilized.

Figure 4

Synthetic Group Using Levine Linear Equity Method

Sample Q
(Old Form X)

Sample P
(New Form Y)

Synthetic
Group R

wj +W2:18.1’1dW1, WQZO
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Given the sample P takes new-form Y and the set of anchor items V, sample Q

takes old-form X and the set of anchor items V and sample R is a composite of P and Q,

the linear equating method makes strong statistical assumptions as follows:

1. The true scores on Y and V are perfectly related, and the ratio of the standard
deviation of true scores on Y to the standard deviation of the true scores on V is the
same in P and R and the same as the true score on X and V.

2. The intercept of the regression line relating true scores on Y to true scores on V is the
same in P and R and the same as the true score on X and V.

3. The standard error of measurement for Y and for V is the same for groups P and R
and the same as the true score X and V.

Under these assumptions, the Levine equally reliable method is parameterized by:

4=2,/W, )
B, =U,-0, 8)
2, =[50+ (52 =52 (S-S (5% -2, ©)
7, =[S 45 =82 (S - SIS -S2,) (10
Uy =M g+ (M, =M o) (53, =S2 ) IS5 =S, ] (11)
O,=4,M, (12)

where 4, and B, are the parameters in equation 5. M and S refer to means and standard
deviations respectively. Z, and W, are the estimate of variances of tests X and Y,

respectively, on sample R, U, is the estimate of the mean of X and R, and O, is the
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scale-adjusted estimate of the mean of Y on R in the standard deviation metric of X.
Also,." , and " refer to the errors of measurement on the old form, the new form and
equating test, respectively.

A common misconception holds that the Levine equally reliable equating method
is a true-score equating method. In fact, it is not. It estimates observed-score means and
standard deviations using assumptions about true-score regressions and standard errors of
measurement and is an observed-score equating method based on assumptions about true
scores.

The Levine equally reliable equating method will be facilitated by Common Item
Program for Equating (CIPE) (Kolen, 1995) and confirmed by LEQUATE program
(Waldron, 1988). The CIPE program is based on the frequency estimation methodology
described by Kolen and Brennan (1995). The LEQUATE program displays the estimated
means and standard deviations of Forms A and B for the synthetic population, as well as
the slope and intercept of the equating line described by Kolen and Brennan (1987).
Phase 5: Mean and Sigma Equating Method for Equivalent Group Design

Mean and sigma equating method is the most commonly used method in equating
(Kolen & Brennan, 1995). In this method, the linear conversion is defined by setting

standardized deviation scores (z-scores) on the two forms to be equal such that
z,=z, (13)
where z_ and z; are the z-scores for Form X and Form Y respectively. Equating 13 can

also be written as

x—p(X) _y —p) (14)
a(X) oY)
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where x is the raw scores for Form A and y is the equated or adjusted scores for Form B;

4(X)and o(X) are mean and standard deviation for Form X; x(Y)and o(Y) are mean

and standard deviation for Form Y. Solving for y in equating 14,

x— u(X)

ly<x>=y=a<Y>{ e

}“ﬂ(Y) (15)

where / (x) is the linear conversion equation for converting observed scores on Form X

to the scale of Form Y. By arranging terms, an alternate expression for / (x)is,

oY) oY)
[ ()=y=—"Zx+| u(Y)———u(X 16
L(x)=y G(X)x [u( ) U(X)ﬂ( ) (16)
where o) is the slope (a) and u(Y) _o) H(X) is the intercept (b). Therefore,
o(X o(X)
equation 16 also can be written as
y=ax+b. (17)

Once a and b are determined, scores for Form X will be put on the same scale as scores
for Form Y.
Phase 6: Anchor Tests Evaluation

The purpose of different equating is to obtain comparable scores that accurately
estimate the underlying true scores. Therefore, a relevant question is: How good are the
true score estimates and to what extent are the equated scores comparable in different
anchor tests? This section focuses on a brief description of the double linking equating
evaluation method and standard error of equating (SEE) evaluation method, and how

these two evaluations on the accuracy of equating in different anchor test can be done.
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Double Linking Method

Double linking is useful in equating into a common-item nonequivalent groups
design. It provides a built-in check on the equating process and leads to greater equating
stability (Kolen & Brennan, 1995). With two links, a second link is available to be used
for equating if the strong statistical assumptions required under the common-item
nonequivalent design are violated for one of the links. Also, if a significant number of
common items on one link are found to have problems, then a second link exists that can
be used to conduct the equating. Therefore, it is strongly recommended that double

linking be used when feasible (Kolen & Brennan, 1995).

Rapp and Allalouf (2002) applied this double linking to cross-lingual equating
cases. The minimal requirement of this method is two forms in each language version of
the test. In this method, new translated forms must be assembled with two sets of
translated items, each taken from a different source language form, and each represent the
test in terms of content and statistical parameters. Then each of the two parallel sections
of the translated exam form is equated to its respective section in the source language
form. In the first chain, anchor items equate via section one in source language, while in
the second chain, anchor items equate via section two in target language. Here, both
chains consisted of one cross-lingual equating link and one within language link,
however, in reverse order. The special contribution of this method is introducing the
‘within-language’ links between two sections in both source language and target
language.

Applying this method using different data, a similar method can be summarized to

evaluate equating in different anchor tests. For each anchor test, both “within language”
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and “across language” links will be examined, however, in this case, the “within
language” links will be investigated between forms. That is, items of TL in section one of
Form A will be equated to items of TL in section one of Form B; items of TL in section
two of Form A will be equated to items of TL in section two of Form B as well. Here
section one and section two refer to verbal and non-verbal respectively. The “within
language” will be executed using the “equivalent group design” and the “across language”
will be examined using the “anchor item design”. We assume that within language
equating link between two forms to be fairly stable. Therefore, the difference found
between the equating results in the two chains for different anchor tests should be the
differences between the cross-lingual equating links. Figure 5 is a diagram to show this
double linking plan. In the first chain, the equating will be employed via SL in Form A,

while in the second chain it is equated via TL in Form B. Therefore, both chains include

one within language equating and one across language equating.
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Figure 5

The “Double Linking” Plan

First Chain
Anchor Item
Design
Form A
TL
Equivalent Groups
Design
Form B
TL
Second Chain
Source Language Q
Target Language
. —
Within Language Equating and Anchor Item
Design
2. +—»
Cross Language Equating and Equivalent
Groups Design

Standard Errors of Equating (SEE) Method
There are two kinds of standard errors in equating: random error and systematic

error. Random equating error is present when the scores of the examinees that are
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considered to be samples from a population or populations of examinees are used to
estimate equating relationships. Systematic errors can occur in the following ways: (1)
equating methods used introducing the bias in estimating the equating relationship; (2)
statistical assumptions are violated in utilizing different equating methods; (3) improper
implementation of data collection design in equating; and (4) the groups of examinees

used to conduct equating differ substantially (Kolen & Brennan, 1995).

In this study, only random equating error will be examined. The amount of the
random equating error associated with different anchor tests will be quantified by the
standard error of equating. The pattern and behavior of standard errors of linear equating
methods for the single-group, random-group, and common-item nonequivalent group
designs have been researched widely and the results are well-known. The primary
purpose of this criterion as utilized in this study is to provide some initial information
about these standard errors for different anchor tests.

The mean standard error of equating (MSEE; Kolen & Brennan, 1995) is reported
as a summary index of equating accuracy. This index can be used to compare the overall

accuracy of different anchor tests. MSEE is defined as follows:

\/Z f(x)[se (x0)] (18)

In Equation 18, the error variance at each score point i [se’(xi)] is weighted by the
relative Frequency f(x;) at the score point for the original sample examinees who took
source language and then summed over score points. Weighting by the density is done so

that the error variance for each examinee in the population is weighed equally. For
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chained equating, the MSEE will be the sum of MSEE of the two component equatings

(Braun & Holland, 1982).
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CHAPTER FOUR

Results

This chapter reports the results for all relevant statistical analysis for the source
language (SL) and for each target language (TL) group and responds to the research
questions that were discussed in Chapter One. Data from nearly 9000 examinees were
analyzed using SAS, SPSS, CIPE, and LEQUATE software to conduct the statistical
analysis. The results were divided into the following sections for each language group: a
preliminary study of the data for two forms, results of Principle Component Analysis,
results of item difficulty indices and item discrimination indices, results of Delta Plot,
results of equating using the Levine Equating method and the Mean - Sigma Equating
method, and finally the results of Double Linking method and Mean Standard Errors of

Equating to evaluate the equating accuracy for different anchor tests.

Target Language One - Korean Language
A Preliminary Study of the Data

The initial step in this phase of the analysis was a simple comparison of the means
and variances of the scores distributions of the test across forms and languages. The
summary statistics for these scores are presented in Table 7. In Form A, the mean of
source language (M = 110.67) was more than 1 point higher than target language (M =
109.37), and the standard deviation of SL (SD = 17.64) was more than 1 point higher than
TL (8D = 15.95) as well across languages. In Form B, the differences of mean and
standard deviation were larger than in Form A. The mean of TL (M = 112.20) was six

points higher than SL (M = 106.87), and the standard deviation of SL (SD = 18.60) was
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three points higher than TL (SD = 15.22). Within English language, mean of Form A (M
=110.67) scored three points higher than Form B (M = 106.87), and standard deviation
of Form A (SD = 17.64) was scored close to one point lower than Form B (SD = 18.60).
In TL, Form B (M = 112.20) surpassed Form A (M = 109.37) three points of their means,
and their standard deviations were about the same (SD = 15.95, SD = 15.22,

respectively).

Table 7

Korean Language: The Statistics for Examinees Total Right Scores by Language and Test

Forms
English Language Korean Language
Statistics
Form A Form B Form A Form B
Mean 110.67 106.87 109.37 112.20
Standard Deviation 17.64 18.60 15.95 15.22
Count 1422 875 123 71

A two-way ANOVA was also conducted at this preliminary stage with one factor
being the language and the other being test form. The results are presented in Table 8. In
this analysis, ANOVA was used to test the null hypotheses that there was no difference in
the scores between languages or between forms. The interaction between the two factors

(i.e., language and form) was also of interest.
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As can be seen from Table 8, both factors of language groups, F' (1, 2487) =
2.126, p = 0.145 and forms, F (1, 2487) = 0.125, p = 0.724 were not statistically
significant, however, the interaction, F (1, 2487) = 5.726, p =0 .017 was statistically
significant. Since each factor had only two levels, we can infer that the mean values for
each level of the two factors were not significantly different from each other. The mean
scores for SL in Form A were higher than that of SL in Form B. The order was reversed
for the TL tests. The mean scores for TL in Form B were considerably higher than that of
TL in Form A. The relationship between the means is presented graphically in Figure 6.

The effect size (eta squared) was also calculated to measure the magnitude of the
difference between the language and the form. The eta squared formula is often used as
an estimate of the effect size or the strength of association between the variables
(Tabachnick & Fidell, 1996). According to this formula, eta square = 0.01 is a small
effect size; eta square = 0.06 is a medium effect size, and eta square = 0.14 is a large
effect size. Results showed that eta square was 0.002 for the interaction. This was a very
small effect size, which indicated that the significant difference might be relatively

unimportant.
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Korean Language: ANOVA Results for Total Number Right Score
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Source of Sum of DF Mean F p Effect
Variation Squares Square Size
Language 676.897 1 676.897 2.126 0.145 0.001
Form 39.708 1 39.708 0.125 0.724 0.000
Language * Form  1823.527 1 1823.527 5.726 0.017*  0.002
Error 791981.988 2487  318.449

Corrected Total 800417.387 2490

* significant at the 0.05 level.

Figure 6

Korean Language: Means Scores by Forms and Language Groups

Forms by Langauge Groups
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Investigating Reliability and Validity

Results of Reliability Estimation of the Test Items

Internal consistency was examined for the languages and forms using a total of
160 items. The results are presented in Table 9. In Form A, the alphas were 0.9217 and
0.8914 for SL and TL, respectively for the verbal section of the test, and the alphas were
0.9077 and 0.9111 for SL and TL, respectively for the non-verbal section of the test. In
Form B, the alphas were 0.9191 and 0.8977 for SL and TL, respectively for the verbal
section of the test, and the alphas were 0.9123 and 0.9029 for SL and TL, respectively for
the non-verbal section of the test. All these coefficient alphas for the languages and forms

are very reliable, which means that the test items are quite homogeneous.

Table 9

Korean Language: Cronbach’s Alpha by Language and Form

English Language Korean Language
Verbal Non-Verbal Verbal Non-Verbal
Form A 0.9217 0.9077 0.8914 09111
Form B 0.9191 0.9123 0.8977 0.9029

Results of Validity Estimation of the Test Items

The construct validity was investigated using principle component analysis (PCA)

and parallel analysis (PA) to determine the number of factors to extract. PA is a method
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that generates random data from the same mean and the same standard deviation of item
responses. Eigenvalues for both actual data using PCA method and generated data were
computed and compared. If the eigenvalues of the real data exceed the eigenvalues of the
random data then the factor would be retained (Thompson & Daniel, 1996).

For Form A, PCA was performed on all 158 items and extracted two components
with eigenvalues of 13.56 and 4.70, respectively, and these two components accounted
for 11.56% of the total variance. The eigenvalue of the third component that PCA
produced was 2.43. The maximum eigenvalue that the PA produced was 4.81, and the
next two eigenvalues were 4.72 and 2.37; therefore, two factors were retained. The scree
plot can be found in Figure 21, Appendix B. The rotated component matrix using the
Varimax method showed that the majority of items loaded on the first component and the
second component, with 85.44% (135/158) of the items having a correlation coefficient
larger than 0.10 and 26.58% (42/158) a correlation coefficient larger than 0.30. These
two components represented the verbal section and non-verbal section of the test,
respectively.

For Form B, PCA was also performed on all 156 items and extracted two
components with eigenvalues of 13.23 and 5.23, respectively, and these two components
accounted for 11.83% of the total variance. The eigenvalue of the third component that
PCA produced was 2.01. The maximum eigenvalue that the PA produced was 5.89, and
the next two eigenvalues were 5.14 and 1.96; therefore, two factors were retained. The
scree plot can be found in Figure 22, Appendix B. The rotated component matrix using
the Varimax method showed that the majority of items loaded on the first component and

the second component, with 84.62% (132/156) of item having a correlation coefficient
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larger than 0.10 and 29.49% (46/156) a correlation coefficient larger than 0.30, and these
two components represented the verbal section and non-verbal section of the test,
respectively.
Choosing Anchor Items

Anchor Test One - Results of Combination of (1) (2) and (4)

Anchor items should be a miniature version of the total test (Pansy & Kromrey,
1993). In this section, item difficulty indices and item discrimination indices were
analyzed in selection of proper anchor items. Table 32 in Appendix C presents the item
difficulty indices and item discrimination indices. First of all, the items that were
discriminated well and had mild and similar difficulty indices were chosen as anchor
items. Then, all of these anchor items must be a miniature of the total test. Since 20% of
the total items were bigger than 20 items, 20% of the total items criterion was chosen as a
minimum number of anchor items. In addition, anchor items should be administered in
the same order for both language groups. For Form A, there were in total 36 items (23
items for V| and 13 items for NV) chosen; for Form B, a total of 36 items (23 items for
V; and 13 items for NV,) were selected. Here V| and V; stood for the verbal section of
the test for Form A and Form B, respectively; NV, and NV, were the non-verbal section
of the test for Form A and Form B, respectively. A summary of the number of anchor
items for anchor test one is presented in Table 10. See Table 35 in Appendix E for a
summary of how items are allocated in each content specification for anchor test one.

Anchor Test Two - Results of Combination of (1) (2) and (5)

Delta plot is a method based on item difficulty values that converted to a normal

deviate with an arbitrary mean and standard deviation. For this method, items that were
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closest to the equal difficulty line and also within the limit sets for the difficulty indices
were chosen as anchor items. In addition, these anchor items must be a miniature of the
total test and about 20% of the total items. Figure 27 though Figure 40 in Appendix D are
the diagrams of the delta plot for all 160 items for Form A and Form B. Since it was
difficult to identify each item when they were clustered together, the actual anchor items
were visually selected from the delta plots of the items categorized by each content
specification of the test. There were in total 36 items (23 items for V; and 13 items for
NV)) chosen as anchor items for Form A, and 36 items (23 items for V; and 13 items for
NV,) selected for Form B. A summary of the number of anchor items for anchor test two
is presented in Table 10. See Table 35 in Appendix E for a summary of how items are

allocated in each content specification for anchor test two.

Table 10

Korean Language: A Summary of the Number of Anchor Items for Two Anchor Tests

Form / Anchor Test Anchor One Anchor Two
Form A V]I 23 Vli 23

NV,: 13 NV,: 13
Form B Vi:23 Vi:23

NV,: 13 NV,: 13

Results of Levine Linear Equating

There were in total four Levine linear equating results for each anchor test: two

for the verbal section and two for the non-verbal section of the test. In either the verbal or
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the non-verbal section for each anchor test, an equating for the first link and an equating
for the second link were conducted. Both of these two anchor tests used a common-item
nonequivalent design. All detailed Levine Linear equating results are presented in Table
40 and Table 41, Appendix G for the verbal section and the non-verbal section of the test,
respectively.

Table 11 provides a summary of all the statistics for the slopes and the intercepts
pertaining to each anchor test. For the verbal section of anchor test one, the slope and
intercept were 1.34 and -24.16, respectively for the first link; and 0.97 and 5.38 for the
second link. For the non-verbal section of anchor test one, the slope and intercept were
1.13 and -5.78, respectively; and 0.96 and 2.11 for the second link. The slopes of 0.92
and 1.05 and intercepts of 5.69 and -3.87 for the first link and the second link,
respectively were reported for the verbal section of anchor test two. In the non-verbal
section of anchor test two, slope of 1.02 and intercept of -1.61 were for the first link; and

slope of 0.96 and intercept of 1.62 were for the second link.
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Table 11
Korean Language: A Summary of the Slopes and the Intercepts for Levine Equating of

Anchor Item Design

Anchor Test One Anchor Test Two

Verbal Non-Verbal Verbal Non-Verbal

First Second First Second First Second First Second
Link Link Link Link Link Link Link Link

Slope 1.34 0.97 1.13 0.96 0.92 1.05 1.02 0.96

Intercept -24.16 5.38 -5.78 2.11 5.69 -3.87 -1.61 1.62

Results of Mean-Sigma Equating Method

The four Mean-Sigma equating results for each anchor test were reported: two for
the verbal section and two for the non-verbal section. In either the verbal or the non-
verbal section for each anchor test, there were two equatings for the first link and for the
second link. Note that the equivalent groups design link for the first chain in the same for
both anchor tests construction methods. The same is true for the second chain. Detailed
Mean-Sigma equating results can be found in Appendix G.

For the verbal section of both anchor tests, the slope and intercept for mean-sigma
method were the same: 0.98 and 5.51, respectively for the first link; and 1.20 and -14.03
for the second link. For the non-verbal section of two anchor tests, the slope and the
intercept were 0.90 and 2.72, respectively for the first link; and 0.95 and -2.17 for the

second link. Table 12 provides a summary of all these statistics.
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Table 12
Korean Language: A Summary of the Slopes and the Intercepts for Mean-Sigma Equating

of Equivalent Groups Design

Anchor Test One Anchor Test Two

Verbal Non-Verbal Verbal Non-Verbal

First Second First Second First Second First Second
Link Link Link Link Link Link Link Link

Slope 0.98 1.20 0.90 0.95 0.98 1.20 0.90 0.95

Intercept ~ 5.51 -14.03 2.72 -2.17 5.51 -14.03 2.72 -2.17

Results of Double Linking Equating Evaluation Method

Double linking provides a built-in check on the equating process and leads to
greater equating stability (Kolen & Brennan, 1995). In this method, both “within
language” and “across language” links were examined for each anchor test. The “within
language” was executed using the equivalent group design and the “across language” was
examined using the anchor item design. Table 13 provides a summary of all the statistics
for the slopes and the intercepts pertaining to each anchor test. In order to calculate the
slopes and intercepts of the first chain or the second chain for each anchor test, we need
to compose the two first links or the two second links from Table 11 and Table 12.

For the verbal section of anchor test one, the slope and intercept were 1.31 and -
18.17, respectively for the first chain; and 1.16 and -8.23 for the second chain. For the
non-verbal section of anchor test one, the slope and intercept were 1.01 and -2.48,

respectively; and 0.91 and 0.02 for the second chain. The slopes of 0.90 and 1.26 and
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intercepts of 11.09 and -18.60 for the first chain and the second chain, respectively were
reported for the verbal section of anchor test two. In the non-verbal section of anchor test
two, slope of 0.92 and intercept of 1.27 were for the first chain; and slope of 0.91 and

intercept of -0.46 were for the second chain.

Table 13
Korean Language: A Summary of the Slopes and the Intercepts for Double Linking

Equating of Two Anchor Tests

Anchor Test One Anchor Test Two

Verbal Non-Verbal Verbal Non-Verbal

First Second First Second First Second First Second
Chain Chain Chain Chain Chain Chain Chain Chain

Slope 1.31 1.16 1.01 0.91 0.90 1.26 0.92 0.91

Intercept -18.17  -8.23 -2.48 0.02 11.09  -18.60 1.27 -0.46

Figure 7 illustrates the difference between the two different functions of two
anchor tests for the verbal section of the test. For the verbal section of anchor test two,
the difference between the two chains was from -10 to 30 raw score points; for the verbal
section of anchor test one, the difference between the two chains was from -10 to 10 raw
score points. The absolute mean difference for anchor test one and anchor test two in the
verbal section were about 4.28 and 12.52 raw score points, respectively. As can be seen
from Figure 7, anchor test one was closer to the zero perfect line than anchor test two.

See Appendix H and Appendix I for detailed double linking statistics. Figure 69 through



120

Figure 72 in Appendix J present more detailed diagrams of the double linking results of
the equating function differences between the two chains for the verbal section of two

anchor tests.

Figure 7

Korean Language: Different Functions of Two Anchor Tests for Verbal Sections

40 7

30 1

20 A

10 4

Anchor Test Two

-10 4 Raw Scores

® Anchor Test One
-20 Raw Scores
0 20 40 60 80 100 120

Different Functions of Two Anchor Tests

Raw Scores

Figure 8 presents the difference between the two different functions of two anchor
tests for the non-verbal section of the test. For the non-verbal section of anchor test one,
the difference between two chains was from -2.5 to 2.75 raw score points; for the non-
verbal section of anchor test two, the difference between two chains was from 1.75 to
2.15 raw score points. The absolute mean difference for anchor test one and anchor test
two in the non-verbal section were about 1.35 and 2.00 raw score points, respectively. As

can be seen from Figure 8, anchor test one was closer to the zero perfect line than anchor
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test two. See Appendix H and Appendix I for more detailed double linking statistics.
Also, Figure 73 through Figure 76 in Appendix J present more detailed diagrams of the
double linking results of the equating function difference between the two chains for the

non-verbal section of two anchor tests.

Figure 8
Korean Language: Different Functions of Two Anchor Tests for Non-Verbal Sections
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Results of Mean Standard Error of Equating (MSEE) Evaluation Method

The values of the mean standard errors of equating are shown in Table 14. For the
first chain in the verbal section, anchor test two (5.29) had higher SEE than anchor test
one (3.49), but in reverse order for the second chain (6.48, 7.28, respectively). If we
averaged these two links, anchor test two (5.89) scored slightly higher SEE than anchor

test one (5.39). However, the MSEE (0.1178) for the verbal section of anchor test one
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was similar to the MSEE (0.1080) for anchor test two. The diagram of SEE for the verbal
section is presented in Figure 9.

For the first chain in the non-verbal section, anchor test one (1.96) scored slightly
higher SEE than the anchor test two (1.93), but in the reverse order for the second chain
(2.72, 3.06 respectively) as well. If we average these two chains, anchor test two (2.50)
had higher SEE than anchor test one (2.34). However, the MSEE (0.0501) for the non-
verbal section of anchor test two was also similar to the MSEE (0.0469) for anchor test
one. The diagram of SEE for the non-verbal is presented in Figure 10. Detailed SEE

results can be found in Table 54 and Table 55, Appendix K.

Table 14

Korean Language: MSEE between Two Anchor Tests

Anchor Test One Anchor Test Two
Verbal Non-verbal Verbal Non-verbal
First Chain 3.49 1.96 5.29 1.93
Second Chain 7.28 2.72 6.48 3.06
Average 5.39 2.34 5.88 2.50

MSEE 0.1080 0.0469 0.1178 0.0501
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Korean Language: SEE of the Verbal Section for Two Anchor Tests
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Target Language Two - Spanish Language

A Preliminary Study of the Data

The initial step in this phase of the analysis was a simple comparison of the means
and variances of the scores distributions of the test across forms and languages. The
summary statistics for these scores are presented in Table 15. In Form A, the mean of SL
(M = 108.87) was more than 6 points higher than TL (M = 102.50), and the standard
deviation of SL (SD = 18.67) was close to TL (SD = 18.88) across languages. In Form B,
the differences of mean and standard deviation were larger than in Form A. The mean of
SL (M = 108.96) was more than 8 points higher than TL (M = 100.89), however, the
standard deviation of TL (SD = 19.71) was more than 1 point higher than SL (SD =
18.48). Within Spanish language, mean of Form A (M = 102.50) scored about two points
higher than Form B (M = 100.89), and standard deviation of Form A (SD = 18.88) was
scored close to one point lower than Form B (SD = 19.71). In the English language, Form
A (M =108.87) was very close to Form B (M = 108.96) of their means, and their standard

deviations were about the same as well (SD = 18.67, SD = 18.48, respectively).
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Table 15

Spanish Language: The Statistics for Examinees Total Right Scores by Language and

Test Forms
English Language Spanish Language
Statistics
Form A Form B Form A Form B
Mean 108.87 108.96 102.50 100.89
Standard Deviation 18.67 18.48 18.88 19.71
Count 1454 1441 62 114

A two-way ANOVA was also conducted at this preliminary stage with one factor
being the language and the other being test form. The results are presented in Table 16. In
this analysis, ANOVA was used to test the null hypotheses that there was no difference in
the scores between languages or between forms. The interaction between the two factors
(i.e., language groups and forms) was also of interest.

As can be seen from Table 16, both factors of forms, £ (1, 3067) =0.253, p =
0.615 and interaction, F (1, 3071) = 0.320, p = 0.572 were not statistically significant,
however, the language, F' (1, 3067) = 22.872, p = 0.000 was statistically significant. Since
each factor had only two levels, we can infer that the mean values for forms and
interactions of each level were not significantly different from each other. The mean
scores of SL were higher than that of TL in both Form A and Form B. The relationship
between the means is presented graphically in Figure 11. The effect size (eta squared)

was also calculated to measure the magnitude of the difference between the language and
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the form. Results showed that eta square was 0.007 for the language. This was a very

small effect size, which indicated that the significant difference might be unimportant.

Table 16

Spanish Language: ANOVA Results for Total Number Right Score

Source of Sum of DF Mean F p Effect
Variation Squares Square Size
Language 7935.419 1 7935.419 22,872 0.000*  0.007
Form 87.845 1 87.845 0.253 0.615 0.000
Language * Form 111.073 1 111.073 0.320 0.572 0.000
Error 1064106.957 3067  346.954

Corrected Total 1073449.162 3070

* significant at the 0.05 level.
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Results of Reliability Estimation of the Test Items

Internal consistency was examined for the languages and forms using a total of

160 items. The results are presented in Table 17. In Form A, the alphas were 0.9244 and

0.9201 for SL and TL, respectively for the verbal section of the test, and the alphas were

0.9141 and 0.9019 for SL and TL, respectively for the non-verbal section of the test. In

Form B, the alphas were 0.9229 and 0.9260 for SL and TL, respectively for the verbal

section of the test, and the alphas were 0.9237and 0.9162 for SL and TL, respectively for

the non-verbal section of the test. All these coefficient alphas for the languages and forms

are very reliable, which means that the test items are quite homogeneous.
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Table 17

Spanish Language: Cronbach’s Alpha by Language and Form

English Language Spanish Language
Verbal Non-Verbal Verbal Non-Verbal
Form A 0.9244 0.9141 0.9201 0.9019
Form B 0.9229 0.9237 0.9260 0.9162

Results of Validity Estimation of the Test Items

Construct validity was investigated using principle component analysis (PCA)
and parallel analysis (PA) to determine the number of factors to extract. PA is a method
that generates random data from the same mean and the same standard deviation of the
item responses. Eigenvalues for both actual data using PCA method and generated data
were computed and compared. If the eigenvalues of the real data exceed the eigenvalues
of the random data then the factor would be retained (Thompson & Daniel, 1996).

For Form A, PCA was performed on all 156 items and extracted two components
with eigenvalues of 14.14 and 3.92, respectively, and these two components accounted
for 11.58% of the total variance. The eigenvalue of the third component that PCA
produced was 2.27. The maximum eigenvalue that the PA produced was 4.02, and the
next two eigenvalues were 3.89 and 2.11; therefore, two factors were retained. The Scree
Plot can be found in Figure 23, Appendix B. The rotated component matrix using the
Varimax method showed that the majority of items loaded on the first component and the

second component, with 81.41% (127/156) of the items having a correlation coefficient
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larger than 0.10 and 31.41% (49/156) a correlation coefficient larger than 0.30. These
two components represented the verbal section and non-verbal section of the test,
respectively.

For Form B, PCA was performed on all 156 items and extracted two components
with eigenvalues of 14.04 and 3.77, respectively, and these two components accounted
for 11.42% of the total variance. The eigenvalue of the third component that PCA
produced was 1.93. The maximum eigenvalue that the PA produced was 4.17, and the
next two eigenvalues were 3.72 and 1.89; therefore, two factors were retained. The Scree
Plot can be found in Figure 24, Appendix B. The rotated component matrix using the
Varimax method showed that the majority of items loaded on the first component and the
second component, with 82.05% (128/156) of the items having a correlation coefficient
larger than 0.10 and 30.77% (48/156) a correlation coefficient larger than 0.30, and these
two components represented the verbal section and non-verbal section of the test,
respectively.

Choosing Anchor Items

Anchor Test One - Results of Combination of (1) (2) and (4)

Anchor items should be a miniature version of the total test (Pansy & Kromrey,
1993). In this section, item difficulty indices and item discrimination indices were
analyzed in selection of proper anchor items. Table 33 in Appendix C reports the item
difficulty indices and item discrimination indices. First of all, the items that discriminated
well and had mild and similar difficulty indices were chosen as anchor items. Then, all of
these anchor items should be a miniature of the total test and these items represented 20%

of the total items. In addition, anchor items should be administered in the same order for
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both language groups. For Form A, there were in total 37 items (24 items for V; and 13
items for NV) chosen; for Form B, a total of 37 items (24 items for V; and 13 items for
NV,) were selected. Here V and V; stood for the verbal section of the test for Form A
and Form B, respectively; NV, and NV, were for the non-verbal section of the test for
Form A and Form B, respectively. A summary of the number of anchor items for anchor
test one is presented below in Table 18. See Table 36 in Appendix E for a summary of
how items are allocated in each content specification for anchor test one.

Anchor Test Two - Results of Combination of (1) (2) and (5)

Delta plot is a method based on item difficulty values converted to a normal
deviate with an arbitrary mean and standard deviation. Items that were closest to the
equal difficulty line and also within the limit sets for the difficulty indices were used for
anchor items. Additionally, these anchor items must be a miniature of the total test and
about 20% of the total items. Figure 41 though Figure 54 in Appendix D are the diagrams
of the delta plot for all 160 items for Form A and Form B. Since it was difficult to
identify each item when they were clustered together, the actual anchor items were
visually selected from the delta plots of the items categorized by each content
specification of the test. There were in total of 37 items (24 items for V; and 13 items for
NV)) chosen as anchor items for Form A, and 37 items (24 items for V, and 13 items for
NV,) selected for Form B. A summary of the number of anchor items for anchor test two
is presented in Table 18. See Table 36 in Appendix E for a summary of how items are

allocated in each content specification for anchor test two.
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Table 18

Spanish Language: A Summary of the Number of Anchor Items for Two Anchor Tests

Form / Anchor Test Anchor One Anchor Two
Form A Vi: 24 Vi: 24
NV,: 13 NV,: 13
Form B Vi:24 Vi: 24
NV,: 13 NV,: 13

Results of Levine Linear Equating

Four Levine linear equating results for each anchor test were calculated: two for
the verbal section and two for the non-verbal section of the test. In either the verbal or the
non-verbal sections for each anchor test, an equating for the first link and an equating for
the second link were conducted. Both of these two anchor tests used a common-item
nonequivalent design. All detailed Levine Linear equating results are presented in Table
42 and Table 43, Appendix G for the verbal section and the non-verbal section of the test.

Table 19 provides a summary of all the statistics for the slopes and the intercepts
pertaining to each anchor test. For the verbal section of anchor test one, the slope and the
intercept were 1.13 and —8.96, respectively for the first link; and 1.10 and -6.22 for the
second link. For the non-verbal section of anchor test one, the slope and intercept were
0.99 and 2.19, respectively for the first link; and 1.02 and 0.40 for the second link. The
slopes of 1.05 and 1.02 and the intercepts of -2.91 and -1.05 for the first link and the

second link, respectively were reported for the verbal section of anchor test two. In the
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non-verbal section of anchor test two, the slope of 1.15 and the intercept of -4.40 were for

the first link; and the slope of 0.92 and the intercept of 2.63 were for the second link.

Table 19
Spanish Language: A Summary of the Slopes and the Intercepts for Levine Equating of

Anchor Item Design

Anchor Test One Anchor Test Two

Verbal Non-Verbal Verbal Non-Verbal

First Second First Second First Second First Second
Link Link Link Link Link Link Link Link

Slope 1.13 1.10 0.99 1.02 1.05 1.02 1.15 0.92

Intercept  -8.96 -6.22 2.19 0.40 -2.91 -1.05 -4.40 2.63

Results of Mean-Sigma Equating Method

Four Mean-Sigma equating results for each anchor test were reported: two for the
verbal section and two for the non-verbal section. In either the verbal or the non-verbal
section for each anchor test, two equatings were for the first link and for the second link.
Note that the equivalent groups design link for the first chain in the same for both anchor
tests construction methods. The same is true for the second chain. The mean-sigma
equating results can be found in Appendix G.

For the verbal section of both anchor test one and anchor test two, the slope and
the intercept were the same: 0.98 and 1.25, respectively for the first link; and 1.04 and -

3.80 for the second link. For the non-verbal section of two anchor tests, the slope and the
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intercept were 1.00 and 0.10, respectively for the first link; and 1.05 and -2.25 for the

second link. Table 20 provides a summary of all these statistics.

Table 20
Spanish Language: A Summary of the Slopes and the Intercepts for Mean-Sigma

Equating of Equivalent Group Design

Anchor Test One Anchor Test Two
Verbal Non-Verbal Verbal Non-Verbal

First Second First Second First Second First Second
Link Link Link Link Link Link Link Link

Slope 0.98 1.04 1.00 1.05 0.98 1.04 1.00 1.05

Intercept  1.25 -3.80 0.10 -2.25 1.25 -3.80 0.10 -2.25

Results of Double Linking Equating Evaluation Method

Double linking provides a built-in check on the equating process and leads to
greater equating stability (Kolen & Brennan, 1995). In this method, both “within
language™ and “across language” links were examined for each anchor test. The “within
language” was executed using the equivalent group design and the “across language” was
examined using the anchor item design. Table 21 provides a summary of all the statistics
for the slopes and the intercepts pertaining to each anchor test. In order to calculate the
slopes and intercepts of the first chain or the second chain for each anchor test, we need

to compose the two first links or the two second links from Table 19 and Table 20.
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For the verbal section of anchor test one, the slope and intercept were 1.11 and -
7.53, respectively for the first chain; and 1.14 and -10.40 for the second chain. For the
non-verbal section of anchor test one, the slope and intercept were 0.99 and 2.29 for the
first chain, respectively; and 1.07 and -1.90 for the second chain. The slopes of 1.03 and
1.06 and intercepts of -1.60 and -4.93 for the first chain and the second chain,
respectively were reported for the verbal section of anchor test two. In the non-verbal
section of anchor test two, slope of 1.15 and intercept of -4.30 were for the first chain;

and slope of 0.97 and intercept of 0.56 were for the second chain.

Table 21
Spanish Language: A Summary of the Slopes and the Intercepts for Double Linking

Equating of Two Anchor Tests

Anchor Test One Anchor Test Two

Verbal Non-Verbal Verbal Non-Verbal

First Second First Second First Second First Second
Chain Chain Chain Chain Chain Chain Chain Chain

Slope 1.11 1.14 0.99 1.07 1.03 1.06 1.15 0.97

Intercept  -7.53  -10.40 2.29 -1.90 -1.60 -4.93 -4.30 0.56

Figure 12 illustrates the difference between the two different functions of the two
anchor tests for the verbal section of the test. For the verbal section of anchor test one, the
difference between the two chains was from 0 to 2.5 raw score points; for the verbal

section of anchor test two, the difference between the two chains was from 0.25 to 2.75
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raw score points. The absolute mean difference for anchor test one and anchor test two in
the verbal section were about 1.30 and 1.73 raw score points, respectively. As can been
seen from Figure 12, anchor test one was closer to the zero perfect line than anchor test
two. See Appendix H and Appendix I for detailed double linking statistics. Also, Figure
77 through Figure 80 in Appendix J present more detailed diagrams of the double linking
results of the equating function differences between the two chains for the verbal section

of two anchor tests.

Figure 12

Spanish Language: Different Functions of Two Anchor Tests for Verbal Sections
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Figure 13 presents the difference between the two different functions of the two
anchor tests for the non-verbal section of the test. For the non-verbal section of anchor

test two, the difference between two chains was from -5 to 5 raw score points; for the
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non-verbal section of anchor test one, the difference between the two chains was from 0
to 4 raw score points. The absolute mean difference for anchor test one and anchor test
two in the non-verbal section were about 2.07 and 2.43 raw score points, respectively. As
can be seen from Figure 13, anchor test one was closer to the zero perfect line than
anchor test two. See Appendix H and Appendix I for detailed double linking statistics.
Also, Figure 81 through Figure 84 in Appendix J present more detailed diagrams of the
double linking results of the equating function difference between the two chains for the

non-verbal section of two anchor tests.

Figure 13

Spanish Language: Different Functions of Two Anchor Tests for Non-Verbal Sections
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Results of Standard Error of Equating Evaluation Method

The values of the mean standard errors of equating are shown in Table 22. For the
first chain in the verbal section, the SEE for anchor test two (3.87) was higher than for
anchor test one (3.45), and in the same order for the second chain (6.21, 5.60,
respectively). If we averaged these two chains, anchor test two (5.04) scored higher the
SEE than anchor test one (4.53). The MSEE for anchor test two (0.0910) was similar to
anchor test one (0.0818). The diagram of SEE for the verbal section is presented in
Figure 14.

For the first chain in the non-verbal section, anchor test two (1.97) had a slightly
higher SEE than anchor test one (1.88), and in the same order for the second chain (3.14,
2.86, respectively) as well. If we averaged these two chains, anchor test two (2.56) scored
higher the SEE than anchor test one (2.37). The MSEE for anchor test two (0.0462) was
similar to anchor test one (0.0428) as well. The diagram of SEE for the non-verbal is
presented in Figure 15. Detailed SEE results can be found in Table 56 and Table 57,

Appendix L.
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Spanish Language: MSEE between Two Anchor Tests

Anchor Test One Anchor Test Two
Verbal Non-verbal Verbal Non-verbal
First Chain 3.45 1.88 3.87 1.97
Second Chain 5.60 2.86 6.21 3.14
Average 4.53 2.37 5.04 2.56
MSEE 0.0818 0.0428 0.0910 0.0462
Figure 14

Spanish Language: SEE of the Verbal Section for Two Anchor Tests
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Spanish Language: SEE of the Non-Verbal Section for Two Anchor Tests
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Target Language Three - Chinese Language

A Preliminary Study of the Data

The initial step in this phase of the analysis was a simple comparison of the means
and variances of the scores distributions of the test across forms and languages. The
summary statistics for these scores are presented in Table 23. In Form A, the mean of SL
(M =105.09) was about 3 points higher than TL (M = 102.38), however, the standard
deviation of SL (SD = 16.31) was more than 3 points lower than TL (SD = 19.50). In
Form B, the difference of mean was smaller than Form A, and in the reverse order for
standard deviation. The mean of TL (M = 101.98) was 2 points higher than SL (M =
99.93), and the standard deviation of TL (SD = 17.21) was 5 points lower than SL (SD =
22.92). Within English language, mean of Form A (M = 105.09) scored five points higher
than Form B (M = 99.93), however, the standard deviation of Form A (SD = 16.31) was
scored six points lower than Form B (SD = 22.92). In TL, the means were about the same
for Form A and Form B (M = 102.38, M = 101.98, respectively), and Form A (SD =

19.50) surpassed Form B (SD = 17.21) two points of their standard deviations.
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Table 23

Chinese Language: The Statistics for Examinees Total Right Scores by Language and

Test Forms
English Language Chinese Language
Statistics
Form A Form B Form A Form B
Mean 105.09 99.93 102.38 101.98
Standard Deviation 16.31 22.92 19.50 17.21
Count 1677 1463 128 116

A two-way ANOVA was also conducted at this preliminary stage with one factor
being languages and the other being test form. The results are presented in Table 24. In
this analysis, ANOVA was utilized to test the null hypotheses that there was no
difference in the scores between languages or between forms. The interaction between
the two factors (i.e., language groups and forms) was also of interest.

As can be seen from Table 24, both factors of language groups, F (1, 3370) =
0.064, p = 0.800 and interaction, F (1, 3370) = 3.340, p = 0.068 were not statistically
significant, however, the form, F (1, 3370) =4.531, p = 0.033 was statistically
significant. Since each factor had only two levels, we can infer that the mean values for
each level were not significantly different from each other for language groups and the
interaction. The mean scores of both SL and TL in Form A were higher than that of SL
and TL in Form B. The relationship between the means is presented graphically in Figure

16. The Effect size (eta squared) was also calculated to measure the magnitude of the
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difference between the language and the form. Results showed that eta square was 0.001

for the language. This was a very small effect size, which indicated that the significant

difference might be unimportant.

Table 24

Chinese Language: ANOVA Results for Total Number Right Score

Source of Sum of DF Mean F p Effect
Variation Squares Square Size
Language 24.684 1 24.684 0.064 0.800 0.000
Form 1739.09 1 1739.09 4.531 0.033*  0.001
Language * Form  1282.258 1 1282.258 3.340 0.068 0.001
Error 1293605.714 3370  383.859

Corrected Total 1314403.213 3373

* significant at the 0.05 level.
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Chinese Language: Means Scores by Forms and Language Groups
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Results of Reliability Estimation of the Test Items

Internal consistency was examined for the languages and forms using a total of

160 items. The results are presented in Table 25. In Form A, the alphas were 0.8955 and

0.9247 for SL and TL, respectively for the verbal section of the test, and the alphas were

0.9037 and 0.9184 for SL and TL, respectively for the non-verbal section of the test. In

Form B, the alphas were 0.9455 and 0.9021 for SL and TL, respectively for the verbal

section of the test, and the alphas were 0.9256 and 0.9039 for SL and TL, respectively for

the non-verbal section of the test. All these coefficient alphas for the languages and forms

are very reliable, which means that the test items are quite homogeneous.
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Table 25

Chinese Language: Cronbach’s Alpha by Language and Form

English Language Chinese Language
Verbal Non-Verbal Verbal Non-Verbal
Form A 0.8955 0.9037 0.9247 0.9184
Form B 0.9455 0.9256 0.9021 0.9039

Results of Validity Estimation of the Test Items

Construct validity was investigated using principle component analysis (PCA)
and parallel analysis (PA) to determine the number of factors to extract. PA is a method
that generates random data from the same mean and the same standard deviation of the
item responses. Eigenvalues for both actual data using PCA method and generated data
were computed and compared. If the eigenvalues of the real data exceed the eigenvalues
of the random data then the factor would be retained (Thompson & Daniel, 1996).

For Form A, PCA was performed on all 148 items and extracted two components
with eigenvalues of 11.05 and 3.13, respectively, and these two components accounted
for 9.58% of the total variance. The eigenvalue of the third component that PCA
produced was 2.04. The maximum eigenvalue that the PA produced was 4.23, and the
next two eigenvalues were 3.08 and 1.92; therefore, two factors were retained. The Scree
Plot can be found in Figure 25, Appendix B. The rotated component matrix using the
Varimax method showed the majority of items loaded on the first component and the

second component, with 76.35% (113/148) of the items having a correlation coefficient
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larger than 0.10 and 20.95% (31/148) a correlation coefficient larger than 0.30. These
two components represented the verbal section and non-verbal section of the test,
respectively.

For Form B, PCA was performed on all 158 items and extracted two components
with eigenvalues of 22.17 and 4.97, respectively, and these two components accounted
for 17.18% of the total variance. The eigenvalue of the third component that PCA
produced was 2.63. The maximum eigenvalue that the PA produced was 5.75, and the
next two eigenvalues were 4.93 and 1.98; therefore, two factors were retained. The Scree
Plot can be found in Figure 26, Appendix B. The rotated component matrix using the
Varimax method showed that the majority of items loaded on the first component and the
second component, with 89.24% (141/158) of the items having a correlation coefficient
larger than 0.10 and 23.32% (40/158) a correlation coefficient larger than 0.30, and these
two components represented the verbal section and non-verbal section of the test,
respectively.

Choosing Anchor Items

Anchor Test One - Results of Combination of (1) (2) and (4)

Anchor items should be a miniature version of the total test (Pansy & Kromrey,
1993). In this section, item difficulty indices and item discrimination indices were
analyzed in selection of proper anchor items. Table 34 in Appendix C presented the item
difficulty indices and item discrimination indices. First, the items that discriminated well
and had mild and similar difficulty indices were chosen as anchor items. Then, all these
anchor items must be a miniature of the total test. Since 20% of the total items were

larger than 20 items, 20% of the total items criterion was utilized. In addition, anchor
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items should be administered in the same order for both language groups. For Form A,
there were in total 38 items (24 items for V; and 14 items for NV) chosen for the anchor
test; for Form B, a total of 38 items (24 items for V; and 14 items for NV,) were selected.
Here V; and V; stood for the verbal section of the test for Form A and Form B,
respectively; NV and NV, were the non-verbal of the test for Form A and Form B,
respectively. A summary of the number of anchor items for anchor test one is presented
below in Table 26. See Table 37 in Appendix E for a summary of how items are allocated
in each content specification for anchor test one.

Anchor Test Two - Results of Combination of (1) (2) and (5)

Delta plot method based on item difficulty values and converted to a normal
deviate with an arbitrary mean and standard deviation. For this method, items that were
closest to the equal difficulty line and that also within the limits set for the difficulty
indices were used for anchor items. In addition, these anchor items must be a miniature of
the total test and about 20% of the total items. Figure 55 through Figure 68 in Appendix
D are the delta plots for all 160 items for Form A and Form B, respectively. Since it was
difficult to identify each item when they were clustered together, the actual anchor items
were visually selected from the delta plots of the items categorized by each content
specification of the test. There were in total of 38 items (24 items for V; and 14 items for
NV)) chosen as anchor items for Form A, 38 items (24 items for V, and 14 items for
NV,) selected for Form B. A summary of the number of anchor items for anchor test two
is reported in Table 26. See Table 37 in Appendix E for a summary of how items are

allocated in each content specification for anchor test two.



147

Table 26

Chinese Language: A Summary of the Number of Anchor Items for Two Anchor Tests

Form / Anchor Test Anchor One Anchor Two
Form A Vi: 24 Vi: 24
NVQI 13 NVzZ 13
Form B Vi:24 Vi: 24
NV,: 13 NV,: 13

Results of Levine Linear Equating

There were a total of four Levine linear equating results for each anchor test: two
for the verbal section and two for the non-verbal section of the test. In either the verbal or
the non-verbal section for each anchor test, there was an equating for the first link and an
equating for the second link. Both of these two anchor tests used common-item
nonequivalent design. All detailed Levine Linear equating results are presented in Table
44 and Table 45, Appendix G for the verbal section and the non-verbal section of the test.

Table 27 provides a summary of all the statistics for the slopes and the intercepts
pertaining to each anchor test. For the verbal section of anchor test one, the slopes and the
intercepts were 1.03 and -2.46, respectively for the first link; and 1.07 and -6.15 for the
second link. For the non-verbal section of anchor test one, the slopes and intercepts were
0.98 and 0.65, respectively for the first link; and 1.34 and -14.41 for the second link. The
slopes of 1.18 and 0.89 and the intercepts of -11.51 and 6.81 for the first link and the

second link, respectively were reported for the verbal section of anchor test two. In the
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non-verbal section of anchor test two, the slope of 1.01 and the intercept of -0.27 were for

the first link; and the slope of 1.11 and the intercept of -4.25 were for the second link.

Table 27

Chinese Language: A Summary of the Slopes and the Intercepts for Levine Equating

Method of Anchor Item Design

Anchor Test One Anchor Test Two
Verbal Non-Verbal Verbal Non-Verbal

First Second First Second First Second First Second
Link Link Link Link Link Link Link Link

Slope 1.03 1.07 0.98 1.34 1.18 0.89 1.01 1.11

Intercept  -2.46 -6.15 0.65 -1441  -11.51 6.81 -0.27 -4.25

Results of Mean-Sigma Equating Method

Four Mean-Sigma equating results for each anchor test were reported: two for the
verbal section and two for the non-verbal section. In either the verbal or the non-verbal
section for each anchor test, there was an equating for the first link and an equating for
the second link. Note that the equivalent groups design link for the first chain in the same
for both anchor tests construction methods. The same is true for the second chain.
Detailed Mean-Sigma equating results can be found in Appendix G.

For the verbal section of both anchor test one and anchor test two, the slope and
the intercept were the same: 1.46 and -34.06, respectively for the first link, and 1.06 and -

3.34 for the second link. For the non-verbal section of two anchor tests, the slope and the
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intercept were 1.11 and 6.50, respectively for the first link; and 0.66 and 19.93 for the

second link. Table 28 provides a summary of all these statistics.

Table 28

Chinese Language: A Summary of the Slopes and the Intercepts for Mean-Sigma

Equating Method of Equivalent Group Design

Anchor Test One Anchor Test Two
Verbal Non-Verbal Verbal Non-Verbal

First Second First Second First Second First Second
Link Link Link Link Link Link Link Link

Slope 1.46 1.06 1.11 0.66 1.46 1.06 1.11 0.66

Intercept -34.06  -3.34 6.50 1993  -34.06 -3.34 6.50 19.93

Results of Double Linking Equating Evaluation Method

Double linking provides a built-in check on the equating process and leads to
greater equating stability (Kolen & Brennan, 1995). In this method, both “within
language™ and “across language” links were examined for each anchor test. The “within
language” was executed using the equivalent group design and the “across language” was
examined using the anchor item design. Table 29 provides a summary of all the statistics
for the slopes and the intercepts pertaining to each anchor test. In order to calculate the
slopes and intercepts of the first chain or the second chain for each anchor test, we need

to compose the two first links or the two second links from Table 27 and Table 28.
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For the verbal section of anchor test one, the slope and intercept were 1.50 and -
37.65, respectively for the first chain; and 1.13 and -9.72 for the second chain. For the
non-verbal section of anchor test one, the slope and intercept were 1.09 and 7.22 for the
first chain, respectively; and 0.88 and 12.30 for the second chain. The slopes of 1.72and
0.94 and intercepts of -50.86 and 3.84 for the first chain and the second chain,
respectively were reported for the verbal section of anchor test two. In the non-verbal
section of anchor test two, slope of 1.12 and intercept of 6.20 were for the first chain; and

slope of 0.73 and intercept of 17.87 were for the second chain.

Table 29
Chinese Language: A Summary of the Slopes and the Intercepts for Double Linking

Equating of Two Anchor Tests

Anchor Test One Anchor Test Two

Verbal Non-Verbal Verbal Non-Verbal

First Second First Second First Second First Second
Chain Chain Chain Chain Chain Chain Chain Chain

Slope 1.50 1.13 1.09 0.88 1.72 0.94 1.12 0.73

Intercept -37.65  -9.72 7.22 12.30  -50.86 3.84 6.20 17.87

Figure 17 illustrates the difference between the two different functions of the two
anchor tests for the verbal section of the test. For the verbal section of anchor test two,
the difference between the two chains was from -57 to 30 raw score points; for the verbal

section of anchor test one, the difference between the two chains was from -33 to 10 raw
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score points. The absolute mean difference for anchor test one and anchor test two in the
verbal section were about 11.65 and 23.06 raw score points, respectively. As can be seen
from Figure 17, anchor test one was closer to the zero perfect line than anchor test two.
See Appendix H and Appendix I for more detailed double linking statistics. Figure 85
through Figure 88 in Appendix J present more detailed diagrams of the double linking
results of the equating function differences between the two chains for the verbal section

of two anchor tests.

Figure 17

Chinese Language: Different Functions of Two Anchor Tests for Verbal Sections
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Figure 18 presents the difference between the two different functions of the two
anchor tests for the non-verbal section of the test. For the non-verbal section of anchor

test two, the difference between the two chains was from -10 to 4 raw score points; for
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the non-verbal section of anchor test one, the difference between two chains was from -5
to 3 raw score points. The absolute mean difference for anchor test one and anchor test
two in the non-verbal section were about 2.86 and 5.35 raw score points, respectively. As
can be seen from Figure 18, anchor test one was closer to the zero perfect line than
anchor test two. See Appendix H and Appendix I for more detailed double linking
statistics. Also, Figure 89 through Figure 92 in Appendix J present more detailed
diagrams of the double linking results of the equating function differences between the

two chains for the non-verbal section of two anchor tests.

Figure 18

Chinese Language: Different Functions of Two Anchor Tests for Non-Verbal Sections
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Results of Standard Error of Equating Evaluation Method

The values of the mean standard errors of equating are shown in Table 30. For the
first chain in the verbal section, anchor test two (4.04) had higher SEE than anchor test
one (2.51), and in the same order for the second chain (5.38, 5.27, respectively). If we
averaged these two chains, anchor test two (4.71) scored higher SEE than anchor test one
(3.89). The MSEE for anchor test two (0.0855) was similar to anchor test one (0.0670).
The diagram of SEE for the verbal is presented in Figure 19.

For the first chain in the non-verbal section, anchor test two (1.34) had a slightly
higher SEE than anchor test one (1.32), however, it was not in the same order for the
second chain (2.73, 2.90, respectively). If we averaged these two chains, anchor test one
(2.11) had larger SEE than anchor test two (2.04). The MSEE for anchor test one
(0.0360) was similar to anchor test two (0.0351) as well. The diagram of SEE for the
non-verbal is presented in Figure 20. Detailed SEE results can be found in Table 58 and

Table 59, Appendix K.
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Chinese Language: MSEE between Two Anchor Tests

Anchor Test One Anchor Test Two
Verbal Non-verbal Verbal Non-verbal
First Chain 2.51 1.32 4.04 1.34
Second Chain 5.27 2.90 5.38 2.73
Average 3.89 2.11 4.71 2.04
MSEE 0.0670 0.0363 0.0855 0.0351
Figure 19

Chinese Language: SEE of the Verbal Section for Two Anchor Tests
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Figure 20

Chinese Language: SEE of the Non-Verbal Section for Two Anchor Tests
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CHAPTER FIVE

Review of Results

Recently, adapting professional certification examinations from one language to
another has increased. Equating with an anchor item design is an often utilized statistical
procedure for adapted certification exams that adjusts test scores on different versions of
the same exam so that the scores can be interpreted interchangeably. Because the set of
anchor items is used in the adapted exams, the items that eventually chosen as anchor
items are very important for the accuracy of equating. The researcher of this study argues
that the accuracy of equating does not only rely on number of anchor items or location of
anchor items or content representative anchor items. The anchor items should be a
combination of both practical considerations and statistical considerations. However, this
combination cannot be accomplished in one test. Therefore, the primary research
questions addressed in this study concern how different approaches of selecting anchor
items (hereafter referred to as anchor tests) on the accuracy of equating for test
adaptation. Moreover, identifying the more effective anchor test in terms of evaluating
the accuracy of equating is the major concern of this study.

In this study, the double linking method and the mean standard errors of equating
method were used to evaluate the accuracy of equating for different anchor tests. In total
three sets of data were analyzed for this research study. For each set of the data, the
verbal section of the test and the non-verbal section of the test were investigated. Scoring
outcomes of an actual certification examination with a sample of nearly 9,000 examinees

taking both SL and TL versions of the test data set were utilized for this research study.
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The Levine Linear equating method and Mean-Sigma equating method were employed
for anchor item design and equivalent group design, respectively. The within language
equating link in each of the anchor tests was assumed to be fairly stable. Therefore, the
differences found between the equating results in the two chains mainly reflected the
instability of the cross-lingual equating links for different anchor tests.

For the verbal section of the test, the results of the double linking method
presented a very interesting case. This method supported the notion that different choices
for anchor items can result in different equatings and anchor test one was a better choice
among all three language groups for the cross-lingual equating. In the Korean language,
the absolute mean difference for anchor test one and anchor test two were about 4.28 and
12.52 raw score points, respectively. The absolute mean difference for the Spanish
language were 1.30 and 1.73 raw score points for anchor test one and anchor test two
respectively, which were the smallest mean absolute differences among all three language
groups. In the Chinese language, the mean absolute difference were 11.65 and 23.06 raw
score points for anchor test one and anchor test two, respectively. A summary of these
statistics for anchor test two are presented in Table 31.

For the non-verbal section of the test, the results of the double linking method
presented a very interesting case as well. This method also supported the notion that
different choices for anchor items can result in different equatings and anchor test one
was a better choice among all three language groups for the cross-lingual equating. In the
Korean language, the absolute mean difference for anchor test one and anchor test two
were about 1.35 and 2.00 raw score points, respectively. The absolute mean difference

for the Spanish language were 2.07 and 2.43 raw score points for anchor test one and
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anchor test two, respectively. In the Chinese language, the absolute mean difference were
2.86 and 5.35 raw score points for anchor test one and anchor test two, respectively. A

summary of these statistics for anchor test two are presented in Table 31.

Table 31

All Language Groups: A Summary of the Absolute Mean Differences for Two Anchor

Tests
Korean Language Spanish Language Chinese Language
4.28 1.30 11.65
Verbal Anchor Test One
Anchor Test Two 12.52 1.73 23.06
Anchor Test One 1.35 2.07 2.86
Non-
Verbal 2.00 2.43 535

Anchor Test Two

The MSEE statistics for the verbal section of all three language groups were in the
same direction as the double linking method. Overall, anchor test two demonstrated a
larger MSEE than anchor test one. For the Korean language, the MSEE for anchor test
one and anchor test two were 0.108 and 0.118, respectively, and the difference was 0.010.
The MSEE were 0.082 for anchor test one and 0.091 for anchor test two for the Spanish
languages, which was 0.009 difference between two anchor tests. For the Chinese
language, the MSEE for anchor test one was 0.067 and was 0.086 for anchor test two, and
the difference between these two was 0.019. However, the MSEE statistics for all

language groups did not show large differences between the two anchor tests.
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The MSEE statistics for the non-verbal section of all three language groups also
were in the same direction of the double linking method. Overall, anchor test two
demonstrated a larger MSEE than anchor test one. For the Korean language, the MSEE
for anchor test one and anchor test two were 0.047 and 0.050, respectively, and the
difference was 0.003. The MSEE were 0.043 for anchor test one and 0.046 for anchor test
two for the Spanish languages, which was 0.003 difference between two anchor tests. For
the Chinese language, the MSEE for anchor test one was 0.036 and 0.035 for anchor test
two, and the difference between these two was 0.001. However, the MSEE statistics for
all language groups did not show large differences between the two anchor tests.

Conclusions

The importance of this research study lies in finding the impact of different
anchor tests on the accuracy of the cross-lingual equating process by comparing the
verbal section and the non-verbal section of the test using different anchor tests. The
findings indicated that using double linking method as an evaluation tool produces a
convergence of equating results across the verbal section and non-verbal section of the
test for all three sets of the data. The key in using this method is that if the equating
process is free from error, the equating relationship resulting from the two links could be
expected to be similar.

The findings from the study are very encouraging. The most important finding of
this study is that for each set of the data, anchor test one and anchor test two did not
produce the same results. In fact, the results of double linking showed that anchor test

one was a better choice of selecting anchor items than anchor test two. Further, based on
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the MSEE, anchor test one had smaller mean standard errors of equating than anchor test
two.

The findings confirmed the Rapp and Allalouf (2002) study in that utilizing
double linking method is a useful tool for evaluating the cross-lingual process. This study
is an extension of their study and found that the instability of cross-lingual procedure is
mitigated by using most stable parameter method to choose anchor items and could be
very useful tools for cross-lingual studies.

The findings also indicated that the differences between the conversion functions
in the two alternative links were significant for both the verbal section and the non-verbal
section of the test for all three data sets. Obviously, the differences are caused by a real
and systematic problem that underlines the cross-lingual equating process. This problem
was greater in the verbal section of the test than the nonverbal section of the test. Of all
the verbal sections and the non-verbal sections of the test, the verbal sections of the test
showed more instability than the non-verbal sections of the test. Out of the three language
groups, only the Spanish language showed reverse tendency in that the non-verbal section
of the test in fact presented more instability than the verbal section of the test.

What sort of problems could create such differences for alternative anchor tests
across language groups of the same test? The following four factors could interfere in the
cross-lingual equating comparisons and introduce differences: (1) different anchor tests;
(2) ability difference; (3) test adaptation process; (4) accurate equating.

The implication of this dissertation study finding is that we can not assume that
the different approaches of selecting anchor items are the same, especially for the cross-

lingual studies because the anchor items are chosen from the adapted items. Aside from
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the inevitable and uncontrollable problem of content distortion that stems from the
translation process, the other dimension that can be controlled to a certain extent is the
manner of choosing proper anchor items. This is very critical when we attempt to equate
groups that are from different language groups. Items eventually chosen as anchor items
might discriminate well, be appropriately difficulty, adapt well from one language to
another and show no DIF. Moreover, these items need to be content representative of the
total test, and 20 items or 20% of the total items, whichever is larger. The data examined
would indicate that choosing items with appropriate parameters is more important than
choosing items that show less differential functioning. Furthermore, the results showed
that choosing anchor items with one criterion may be quite different from those choosing
anchor items using another criterion. See Appendix E for reference on the impact of
different anchor tests.

It is likely that part of the differences between two anchor tests found in this
dissertation study are caused by the problems of instability in the group performances on
the test. [tems that perform satisfactorily in one language may multifunction in another,
and vice versa. Consequently, for each language we would expect to end up with a
different test, composed of different items and with different characteristics.

All results pointed to the conclusion that we cannot simply assume that an
adapted version of an exam is psychometrically equivalent to the original version of the
test for different anchor tests. In this study, the overall exam instability across languages
was large across the different versions of the exam. The very act of test adaptation may
change the items in some fundamental way. Further, different items maybe affected in

different ways. One cannot reliably predict the characteristics and behavior of an adapted
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item without knowing the characteristics and behavior of the original item. The literature
identified many differences between cultures and languages that could affect items that
are adapted. Different factors will affect the adapted items in different ways. Therefore, a
review of the exam adaptation procedures currently employed by the test developer and
investigations to identify specific causes of these differences (for an example of how this
might be done, see Allalouf, Hambleton, & Sireci, 1999) is very much in order. If these
steps are taken, improvements in the equivalence of different anchor tests for the original
and adapted exams can be obtained and verified using statistical analyses. As the exam
stands now in three language versions, a serious error would result if these language
versions of the exam were considered to be equivalent and scores used interchangeably.
As indicated in the introduction, adapting an exam into multiple languages is a complex
process, and many aspects of an exam, including the content specifications, the exam
directions, and the exam administration conditions (van de Vijver & Tanzer, 1997), need
to be taken into account. However, important advances have been made in exam
adaptation methodologies (Hambleton, in press), and practical guidelines for adapting
educational, psychological, and credentialing exams have been made available (e.g.,
Hambleton, 2000, in press; van de Vijver & Hambleton, 1996). By following these exam
adaptation guidelines, including statistical analysis of adapted exams, cross-lingual test
developers can facilitate valid interpretations of the performance of examinees that take
different language versions of an exam.

By following the test adaptation guidelines, one of the statistical analysis
procedures is by using equating. Equating is often necessary and anchor test design seems

the most appropriate for the adapted tests. However, choosing items for the anchor will
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impact the equating accuracy. The current data supported the notion that different choices
for anchor items can result in different equatings and using items with the most
appropriate parameters is a better choice.

Recommendations and Suggestions for Future Study

This study compared different anchor tests using a double linking method and
estimated the mean standard errors of CTT equating for the common-item nonequivalent
groups design. In addition, the findings of this study are based on largely descriptive
results. Further investigations that study different anchor tests using IRT equating
methods would be useful. Likewise, because only one test and three sets of sample sizes
were used in this study, examining which anchor test is better than the other should be
investigated in other testing situations. Also, the present study needs to be replicated with
different language groups and more than two forms of the test. Equal sample sizes for
both SL groups and TL groups should be examined. Further, in order to prevent large
estimation errors, large sample sizes for TL groups need to be investigated as well.

This study focused on estimating random equating error using CTT equating
methods. However, total equating error is comprised of random equating error and
systematic equating error. The relative performance of the methods studied in this
research study with regard to random error could change if total equating errors were
considered. Thus, the behavior of systematic error should continue to be explored in
conjunction with random error.

This study did not deal with issues regarding the adaptation process of the test.

We should always keep in mind that some improvement in measuring and equating for
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different anchor tests can be attained by improving the adaptation techniques and by
carefully controlling the adaptation process (Hambleton & Patsula, 1999).

To reduce the computational burden in estimating standard errors of CTT
equating, it would be beneficial for analytic expressions to be derived. Analytic
expressions also would be more useful for evaluating the sample sizes needed to reach a
certain precision in equating. However, such analytic expressions likely would be very
difficult to derive. The only such expressions that do exist are those derived by Lord
(1982) for chained true-score equating for the external common-item case. Even for this
situation, Lord made simplifying assumptions that the standard errors are underestimated.

The use of CIPE software for Levine Linear equating procedure could be a
problem. This software worked well in regard to the random error component
investigated in this study but might not perform as well with regard to systematic error.
When systematic error is of concern, this software might not work well for multiple-
group procedures than the single-group procedures (Bock & Zimowski, 1996). Multiple-
group procedures allow the distribution of ability to differ among the groups, which is
more appropriate in a non-equivalent group design.

Based on the results and conclusions of this research study, the following
suggestions are encouraged for improving the different anchor tests on the accuracy of
anchor item equating practice and research in the future:

1. Given more information on the actual items, issues regarding best translation
items as another way of finding anchor test should be investigated.
2. From a psychological viewpoint, making cross-lingual comparisons of a

certification exam is highly complex. We cannot automatically assume that the
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adapted exams will have the same meaning and same difficulty for the various
language groups as they had on the original English version. This assumption
needs to be carefully checked. Therefore, the researcher of this study suggests that
investment of time, effort and money in the process of adapting certification
exams may produce satisfactory results in terms of usability, reliability and
validity of the test. Adherence to the test adaptation guidelines currently promoted
by the ITC should reduce the likelihood of introducing biasing factors into the test
adaptation process.

The issue of equating different language versions of the test clearly requires
further research which may reveal whether the equating procedure has been
adapted is satisfactory, or whether different equating procedures should be used.
To help reduce the risk of introducing bias due to the use of few criteria for
evaluating equating accuracy, the applicability of using multiple criteria should be
considered for future equating study.

Although the findings of this study emphasized the importance of a stable
parameter method for anchor items selection, the researcher of this study suggests
that the importance DIF method for mitigation of validity concerns should also
take into consideration. That is, the items that are eventually chosen as anchor
items must be from among those having the most stable parameters and at the
same time these items must contain no large DIF. In this study, the items with the
most stable parameters showed no large DIF.

The current study supported the notion that different choices for anchor items can

results in different equatings. Further, items choices based on different criteria can



166

also result in different anchor tests. If the results of this study can be replicated

with different tests and different language groups, the conclusion that different

anchor tests produced different results will be strengthened. In fact, such a study

is planned by the researcher.

A Brief Summary of This Study

The importance of this research study lies in finding the impact of different
approaches of selecting anchor items on the accuracy of the cross-lingual equating
process by comparing the verbal section and the non-verbal section of the test. In this
study, two methods of selecting anchor test items were utilized. One was the parameters
(appropriate item difficulty indices and item discrimination indices) method, and the
other one was the DIF (least differential functioning between languages) method. The
purpose of this study was to determine whether the parameter method was better than the
DIF method or vice-versa. There were two ways to evaluate which method was better
than the other: double liking method and MSEE method, and the double linking method
was the primary method and the MSEE was the secondary method.

The results of double linking method supported the notion that different choices
for anchor items can result in different equatings and using items with the most
appropriate parameters method was a better choice. The results of MSEE did not show
large difference between the parameter and the DIF method of anchor item selection,
however, these differences were in the same direction as the primary method as well.

That is, the parameter method was superior to the DIF method in virtually every situation.
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Figure 21

Korean Language: Scree Plot of the Principle Component Analysis for Form A
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Figure 22

Korean Language: Scree Plot of the Principle Component Analysis for Form B

Scree Plot - Form B
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Figure 23

Spanish Language: Scree Plot of the Principle Component Analysis for Form A
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Figure 24

Spanish Language: Scree Plot of the Principle Component Analysis for Form B
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Figure 25

Chinese Language: Scree Plot of the Principle Component Analysis for Form A
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Figure 26

Chinese Language: Scree Plot of the Principle Component Analysis for Form B
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Table 32
Item Difficulty Indices and Item Discrimination Indices by Languages (Korean and

English) and Forms (From A and Form B)

Form A Form B

Items Korean English Korean English

Diff. Disc. Diff. Disc. Diff. Disc. Diff. Disc.
1. 9859 .0492 9166 2765 9431 3063 9712 .1820
2. .8028 3681 6617 3163 9675 1232 9705 .1898
3. 4648 4572 4537 1388 .8455 1379 .8108 1288
4. 7183 1637 7691 1674 9106 3976 9128 2812
5. .8028 -.0923 .8160 1548 .0000  .0000 .0000 .0000
6. 9437 2925 .9280 2875 .8374 2059 .8769 2413
7. 9437 1785 9269 .2453 8780 3315 9072 3235
8. 3521 .1056 .6046 .0350  ** 5203 2213 4114 2138
9. 6761 -.0080  .9314 3122 7480  .1437 .8812 3326
10. .8873 2236 .7840 3285 .8293 .1906 .7883 .1076
11. 9437 1744 .6549 4011 8130 3095 7131 3437
12. * 8592 2843 7874 2753 7642 1826 7651 3787
13. 9014 4738 771 3858 9106  .3685 7911 3448
14. 9859 1601 .8629 3435 9675 2507 9015 3594
15. 4648 .0465 4869 2376 4065 0675 5218 2687
16. 7887 .1909 5314 2783 .8943 2077 .8446 2231
17. .6479 .0268 177 .1884 5285 2294 .6006 .1856
18. 9718 0759 .8869 3532 9024 2142 9015 2945
19. .8310 1809 9166 2032 5528 2158 .8207 1412
20. 7042 -.0299 8777 .1656 .8943 2850 .8586 1851
21. * 7183 2624 .6663 3705 8049  .2308 .6850 3615
22. .8310 3828 .7440 2773 8211 1921 7707 3564
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23.
24.
25.
26.
27.
28.
29.
30.
31.
32.
33.
34.
35.
36.
37.
38.
39.
40.
41.
42.
43.
44.
45.
46.
47.
48.
49.
50.
51.
52.

*

*

5634
7465
.6479
2958
2535
5352
1972
6197
6901
3662
8732
.6056
.8169
.8873
.6479
9014
7183
6620
3803
6901
.8873
7465
5070
.6056
.8028
.0000
1746
7465
1746
6197

2917
.0281
2554
5022
.0494
1746
.0657
5507
3633
2939
1798
3739
2791
1671
.0935
3244
1156
2181
.0326
.1055
3879
.0733
2315
2590
.0952
.0000
-.0362
3139
2105
3038

7086
9074
7211
.2640
3954
177
.1646
5326
5691
2766
7429
.8686
.8057
6377
.8091
.9040
9063
5726
3920
7943
.8389
8251
.3806
71897
.8091
.0000
.6034
5783
7303
.5543

3314
2252
2992
3138
-.0776
2905
2565
4253
1797
.1443
2748
3194
3543
2765
.0573
2413
2694
2793
1110
.3479
2443
1218
1763
1814
.2000
.0000
1524
.3050
2509
3858

sk

Kk

ksk

kK

kk

kK

kK

7805
.8374
3171
.2846
4472
5854
1317
5854
.8049
3902
8618
5528
.8130
6179
.8537
.0000
7967
.6829
4878
1724
7236
7805
.6667
.6423
5285
4146
5935
9431
5854
.8943

3294
1751
.0593
3159
2011
.2000
3056
.2453
4397
-.0464
.0679
2807
3041
1148
1677
.0000
4080
3277
2195
.0304
2457
2290
3058
.3860
1889
0417
1277
3732
1642
2161

7989
9233
.6287
3165
.5436
7518
5921
8221
.8622
4571
9255
.6498
7806
5703
.8945
.0000
9198
5316
7918
.6842
7321
5802
.6885
6821
8101
.6793
.6350
9508
6231
.8052

.2002
1575
.1433
3047
1667
3244
2441
.2863
3011
0211
2315
2546
3076
2001
2715
.0000
3432
2990
.3603
.1926
2042
2137
3332
.2830
2446
.1808
2684
.2400
.1914
1331
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53.
54.
55.
56.
57.
58.
59.
60.
61.
62.
63.
64.
65.
66.
67.
68.
69.
70.
71.
72.
73.
74.
75.
76.
77.
78.
79.
80.
81.
82.

*

7183
7042
5352
9296
.8873
4366
4225
1972
1746
9155
5352
.8169
.7606
9437
9437
.8169
4225
9155
.6056
7465
4930
4648
7465
.0000
5915
4648
4507
6761
8451
5915

3765
2977
1822
2501
1286
.1938
1342
.0540
.0039
-.0613
-.0022
2254
AT772
1947
.3987
2816
.3085
.0560
4346
3795
.0624
2543
2203
.0000
2652
2676
1452
1120
-.0929
4204

.6949
3531
5531
7303
8137
.6469
4880
.6526
.7040
.8629
.6583
7360
6914
9691
9611
7463
3154
.8914
5097
6891
3897
4571
5931
.0000
7189
.6194
.5006
.6400
.8023
4251

2764
.0735
1941
4259
2379
1785
0112
3452
-.0379
3368
.3339
3226
2387
1667
2688
3749
.0928
.1996
3195
3208
2568
3164
3274
.0000
1780
2619
1702
2819
.1988
2702

** 5854

sk

Kk

kok

ksk

kK

ksk

Kok

kok

9024

.0000
.9024
.6341
71317
7317
71886
3415
7154
3252
8211
7398
7805
4634
9106
.8374
9106
5285
7480
317
7886
7480
4228
.9593
8211
.9024
4472
.8618
9431

.3406
2577
.0000
2420
2208
2036
3503
3712
.0407
2457
0121
0564
2459
1191
-.0020
3395
3028
1693
2513
.0146
2071
2121
3085
.2439
3046
0457
4816
1792
.1007
1107

.6428
.8537
.0000
7883
5851
7961
5942
8158
.2890
6723
.3439
8917
9233
.8270
4346
.9480
7482
.8235
5218
7672
.6624
.8551
.6287
3368
9585
7665
.8854
.6744
.8530
.8762

3502
2871
.0000
4199
2126
2629
.2806
3361
.1096
2100
.0636
.2600
.2693
2494
2192
.3200
2565
.1650
3731
1105
2889
2485
2825
2537
1817
2781
2719
3208
3471
3509
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83.
84.
85.
86.
87.
88.
89.
90.
91.
92.
93.
94.
9s5.
96.
97.
98.
99.

100.
101.
102.
103.
104.
105.
106.
107.
108.
109.
110.
I11.
112.

.6338
5352
4225
3662
1.0000
.8169
9155
2817
9155
6761
7746
3662
.9296
2535
8310
9859
7606
9577
2958
7465
8732
6197
2113
9577
6761
9155
.8592
7746
1746
9437

3795
.1048
3471
2015
.0000
4191
-.0680
.3429
1941
3913
2965
4665
.0706
3312
2715
-.0062
3563
2171
1624
.0410
2477
1362
.0691
.0451
3628
1536
1139
2421
2829
-.2176

3817
.5497
3097
4160
.8069
4800
.7989
5691
.8880
8914
7840
4309
.8983
2274
.7909
.9406
5657
.8320
4811
.6491
.8069
6571
.1440
6571
.5589
.8286
8183
.6069
6411
9189

2692
1248
3370
2834
2907
3916
2340
2331
3102
3252
.3493
2982
3054
1691
.3559
3175
.3066
3261
0512
2139
2178
2587
.0280
1737
2878
1110
.1868
4505
.2898
2167

sk

Kk

kok

Kk

kK

kok

sk

k3k

sk

kok

5610
9756
.8049
4472
.6504
.6992
3171
.5203
2927
.8618
7561
9268
.2033
.6098
.6423
4553
7236
7236
4878
7317
.2439
4878
.6260
4715
.6667
.6667
9106
7805
.8618
.8780

3831
3903
2531
1469
3014
.3496
.0482
1445
0147
3433
4130
AT75
1465
2888
2781
2765
2236
2086
3154
3668
1907
2914
.1899
-.1331
3968
2925
2687
2641
1156
3457

4184
9536
9001
4740
5331
4930
3762
4529
3291
9030
7672
.8854
1624
.6857
8122
4480
6512
.8980
.6167
6871
.3003
4522
5823
3481
.6034
5816
9212
.6793
.8882
.9023

2819
2655
2654

2773
3352
3316
.0730
.0543
.0434
2990
3436
2641
1682
3271
1259
4493
3404
2677
3842
.3529
1783
2917
1693
0471
3570
3269
2862
3743
2401
3823
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113.
114.
115.
116.
117.
118.
119.
120.
121.
122.
123.
124.
125.
126.
127.
128.
129.
130.
131.
132.
133.
134.
135.
136.
137.
138.
139.
140.
141.
142.

8732
9014
4366
.8873
4507
.3380
8451
2535
5915
.6901
.8169
.6338
.8873
8732
8732
.3803
9014
.8873
.9296
9437
5634
7183
9577
9155
.8028
1887
.8451
.6338
5211
7465

4470
2201
.0592
3729
2116
2351
.1030
2288
4771
2319
1572
2924
2326
1742
2931
4225
2770
.0486
2391
2151
3455
3025
-.1770
0627
2513
0277
4372
.1863
2428
2529

.8183
.5646
2903
7943
7291
5017
8777
7269
4011
8377
.5440
4149
.8274
.8343
177
4137
1257
7120
.9086
9246
.6286
5977
8571
.9406
.8343
8011
.8057
7371
7154
6137

2745
3655
2311
4130
1869
1639
1671
2719
4534
2070
.3406
3298
3817
.3389
2139
.2800
1542
2599
3204
2592
3857
3549
.1969
2384
2170
3016
3424
2865
.0979
2774

&k

kok

kK

kok

sk

sk

.6748
7236
5041
.8780
.9024
7642
7236
5610
.3089
4959
5691
8211
9512
4715
7236
.8943
9756
.8537
9268
7073
.8374
4472
.8780
5772
7805
9187
.8780
3171
6911
.0000

2377
3598
.2499
4906
2682
4019
.0966
1596
.0694
.2669
2603
.3003
4869
2884
2619
1172
-.0491
2130
.0374
3122
1374
3741
2618
.0409
1752
4769
2681
-.0079
1860
.0000

7693
.6006
5274
8101
9198
7166
7412
.6857
5120
4740
7180
.9030
.8805
5661
.7039
9149
9058
7419
9269
7820
.8861
4719
8727
6273
1215
9128
.8622
3150
.8010
.0000

1969
3442
2116
3916

2859
2912
.1388
3137
2027
2690
2549
2913
3617
2156
.3447
1910
3224
.3034
1269
3481
2742
.3303
3522
2264
1854
3944
.1896
.0319
2637
.0000
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143.
144.
145.
146.
147.
148.
149.
150.
151.
152.
153.
154.
155.
156.
157.
158.
159.
160.

.8873
8732
.6056
6761
7606

7042
9296
8451
1746
.8592
ST75
6197
6338
9014
7324
9296
8310
9577

3579
2789
3076
2470
4211
3143
.0632
3139
2829
3333
1129
-.0698
1179
0817
2223
2685
.0558
0311

7349
9029
3497
4217
.8880
5703
5897
.6091
4857
.6983
5417
.6594
4697
8571
.6914
.8434
9051
.9086

3489
2794
2411
3967
2021
3666
4124
2285
2402
4271
2948
.0720
1907
.2908
2405
.2039
.2866
2735

sk

ksk

sk

.8293
5691
.8862
5122
7073
.6260
.8374
.6260
.8293
8211
5610
9675
4878
8211
.8862
.5447
.8780
5041

4628
1565
.1436
1945
1628
3264
.2649
3254
4017
2786
2254
2913
2528
3328
2085
.0303
2570
-.0368

1574
4402
9487
4831
.6786
.6744
6132
6259
7152
.8298
4114
.9494
6617
9015
9339
4543
9191
.5949

3132
2433
2848
.3303
1528
3842
2817
2874
3771
1862
2605
3179
2148
3044
2582
1126
2908
.1434

Note. Based on item difficulty indices and item discrimination indices, * indicates that

the items will be chosen as anchor items for Form A; ** indicates that the items will be

chosen as anchor items for Form B.



Table 33

Item Difficulty Indices and Item Discrimination Indices by Languages (Spanish and

English) and Forms (From A and Form B)
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Form A Form B

Items Spanish English Spanish English

Diff. Disc. Diff. Disc. Diff. Disc. Diff. Disc.
1. .8226 .1866 9285 2365 .8333 2132 9306 2189
2. 9194 2409 9457 2619 9123 2295 .9466 2453
3. 5968 2325 7311 2754 ** 6228 3230 7321 2786
4. .8548 .0975 .8453 3426 8509  .1682  .8466 3342
5. .5968 1704 5578 2230 5439 2883 5593 2210
6. * 7097 4746 .8143 3796 ** 7018 4946 8154 3721
7. * 5484 4018 6747 3426 ** 5789 4180  .6766 3367
8. .8387 1942 7957 2703 ** 7895 2772 7974 2643
9. 9677 1028 9759 1724 9649 1549 9771 1427
10. 5323 -1974  .5550 .0543 5439 .0070  .5538 0532
11. 7581 1658 8177 2834 ** 7719 3024 8189 2842
12. * 5161 4263 .6355 3812 ** 5351 5192 6371 3795
13. .7903 3545 .8927 2723 8421 2894 8917 2772
14. 9677 2250 .9347 3318 9561 2663 9362 3182
15. * 5161 4105 5997 2310 4737 3039  .6031 2215
16. 3871 .0341 4450 1542 4298 1693 4462 1429
17. 7419 3256 .8549 2286 7632 2594 8577 2210
18. .8548 4558 .8618 3826 8596 4350  .8619 3802
19. * 6774 2605 .6499 3779 5965 3339 .6495 3781
20. 6613 -.0516 .6960 .0638 .6842 0513 .6960 .0640
21. .6290 2279 .6733 4029 .6053 2917 .6759 3980
22, * 6774 3691 7730 3237 ** 7018 3530 7745 3116




204

23.
24.
25.
26.
27.
28.
29.
30.
31.
32.
33.
34.
35.
36.
37.
38.
39.
40.
41.
42.
43.
44.
45.
46.
47.
48.
49.
50.
51.
52.

8710
5645
71258
.5968
4516
6774
6774
5645
.8871
9032
9677
.5968
9355
.7903
.6935
7581
.6452
.6290
.8226
.8065
2903
3871
8710
Sl6l
.6290
.7903
5161
.8065
9677
.0000

2012
3264
3823
1102
1122
3016
2437
3035
0771
2621
-.0046
2165
2965
3717
.1055
4227
1551
6272
-.0305
.0859
1873
1194
3621
2176
5646
.0980
1428
3345
.0686
.0000

.8184
7813
.8590
.6224
.6403
7338
6795
.6637
.8384
9312
9133
.6094
.9333
.8329
173
8184
7503
5578
.8583
.8054
2785
4470
.9023
4127
8391
8122
4828
.8631
9574
.0000

.2593
1438
2247
2999
3048
3014
.3460
2929
1260
2766
2470
2694
1347
3648
2377
1471
3177
.3369
2046
2732
.2096
1976
.3080
2597
3002
.0826
2129
3173
3102
.0000

k3k

K3k

3k

K3k

.8596
5877
71368
.6053
5088
5702
.6404
5088
.8684
9123
9211
.5000
9211
7719
6228
.6842
6754
5877
.8509
7982
2719
3421
.8860
4912
6228
7544
4912
7193
9649
.0000

.0624
3187
3103
2334
.2060
2385
4085
3075
.0692
2390
1207
A517
1140
3705
1252
.1470
1330
4687
-.0907
2104
3310
.1635
.1820
2655
5435
1351
2049
4111
.0551
.0000

.8196
7828
.8591
6253
6412
7349
6794
6627
.8383
9299
9126
.6079
9334
.8328
7189
8175
7495
5559
.8605
.8071
2762
4455
9035
4122
.8390
8119
4830
.8626
9577
.0000

2476
1297
2174
3053
3089
2999
3411
2962
1184
2770
2518
2714
1278
3608
2242
1376
3134
3379
2029
2608

2121
2013
2966
2624
2956
.0848
2118
3193
2969
.0000




205

53.
54.
55.
56.
57.
58.
59.
60.
61.
62.
63.
64.
65.
66.
67.
68.
69.
70.
71.
72.
73.
74.
75.
76.
77.
78.
79.
80.
81.
82.

.5806
5645
.8065
6613
.8226
.0000
5645
7419
6935
3387
2097
7258
3387
4839
.8387
7419
4355
7097
.0000
5323
6774
1742
.8387
4677
4839
5161
5161
8871
4677
.8226

1787
.6043
1780
3667
4149
.0000
3530
4499
.0230
A711
3373
4433
.3686
.2805
3599
5204
4720
3237
.0000
3627
2531
.2240
4289
3768
4281
2805
.2456
2029
-.0568
4264

5674
.6376

7290
7008
7937
.0000
6747
7820
1847
5089
2724
517
4477
4807
9037
1173
4746
.6685
.0000
4897
7428
.8294
.8109
.5660
5289
.6850
6451
.8845
5805
7696

1929
3748
2654
3170
.2944
.0000
3053
2666
1323
2629
2690
2774
3047
.1700
2030
4655
1869
3516
.0000
.1497
3788
.2640
4028
4622
2173
2944
2053
2442
1926
2807

*k

K3k

k3k

K3k

K3k

K3k

3k

k3k

5351
5526
7895
6754
8421
.0000
5439
7018
7105
3333
2105
6754
3333
5702
8509
7368
4561
6842
.0000
4474
6930
8070
8333
4649
4386
5175
5877
8860
5526
7456

2859
5554
2650
.2660
4286
.0000
3467
4137
1839
.2596
3221
3367
3848
1418
.3455
5379
4079
.3886
.0000
2531
2239
.3006
3928
3863
3533
2996
2312
1367
.1028
2935

.5690
6378
7300
7023
7932
.0000
.6759
7835
7856
5073
2734
1516
4476
4809
9056
7169
A754
.6683
.0000
4899
7425
.8307
.8099
5635
.5295
.6829
.6468
.8848
5829
7703

.1804
3713
2676
3160
.2944
.0000
.2950
2562
1371
2699
2688
2747
.3063
1679
.1930
4616
1867
3519
.0000
.1429
3715
2524
4063
4801
2143
.3005
2053
2477
.1914
.2650




206

83.
84.

85. *

86.
87.
88.
89. *
90. *
91.
92.
93.
94.
9s5.
96.
97.
98.
99.
100.
101.
102.
103.
104.

105. *

106.
107.
108.
109.
110.
I11.
112.

3226
5968
7097
7258
8710
6452
6613
7419
4677
6613
3871
4839
1935
9032
6290
5323
9516
8710
.0000
7742
3065
.8548
4839
8871
5645
9677
1613
9194
3710
6290

4255
.0961
3314
4650
2349
3851
4783
2139
.3030
2871
2050
1272
2682
3975
4146
2872
2320
1779
.0000
.0932
3854
1221
2351
3981
2523
3377
1447
.0535
.1900
.6088

5447
.6142
7407
9078
9085
7180
6107
.8026
6912
6410
4388
4966
1520
9326
.8061

5997
9801
.8686
.0000
7318
3453
.8033
4684
.8900
.6190
.9436
1857
9567
4072
.8459

3120
1371
2698

2754
2630
2673
4483
4144
3139
3859
2564
2250
1438
.1869
2587
0552
2497
3088
.0000
2107
2404
2287
2432
2827
1908
3075
1703
1967
2146
4394

kK

koK

kK

sk

kK

kK

4298
.6140
7018
71544
.8684
5965
.6140
7018
5614
6316
3246
4211
1667
.8947
.6930
.5000
9474
.8684
.0000
7632
2632
7544
4649
.8684
5526
9211
2281
9211
.3860
.6053

.2835

1549

.3560
3672
2327
4389
4974
3620
.3686
4107
2297
1570
.2003
2294
3073
.2593
A517
2167
.0000
.1809
3441
1979
2260
2968
1707
2573
1517
.0924
2022
5205

5475
6155
7405

9091
9105
7189
.6086
.8043
6947
6412
4407
4969
1527
9327
.8078
.6003
9813
.8681
.0000
7300
3442
.8050
4691
.8897
6225
9445
1860
9563
4067
.8480

.3093
1302
2688
2703
2472
2594
4490
4131
3097
3815
2557
2204
1415
1814
2492
.0462
2210
3184
.0000
2176
2374
2169
2321
2718
1820
2916
1749
.1939
2139
4310




207

113.
114.
115.
116.
117.
118.
119.
120.
121.
122.
123.
124.
125.
126.
127.
128.
129.
130.
131.
132.
133.
134.
135.
136.
137.
138.
139.
140.
141.
142.

6774
8710
.8065
5968
7419
5484
5161
3710
6613
1452
6935
7419
7258
7581
4355
5161
5161
2258
6129
.6452
6129
7258
6935
5806
.8065
5161
6129
7097
6290
7903

1692
3491
2131
-.0236
2657
2521
.0009
2514
3186
2057
2715
2418
1748
2166
3601
5325
2298
.0065
3503
4716
1372
1826
.1450
4342
2087
-.2406
.0448
5077
.2640
2901

7345
.8597
.8824
5729
.8707
.6623
4862
4966
.6926
2469
6774
.8267
7607
1758
5922
5433
6210
2992
7166
7483
5949
.8343
.6534
.5406
7820
5179
.6699
8129
7056
1785

2794
3568
1209
0538
1397
1725
0263
2272
3248
1730
3543
3937
2352
2623
2191
3073
2536
1526
4035
.3040
3307
0938
1838
3210
3120
.1949
2668
3193
1745
4315

sk

kK

sk

kK

kK

kK

kK

6754
.8596
8158
6228
7632
5965
5263
3947
.6140
2281
.6579
71368
7105
71807
4298
.5000
5263
2368
6228
.6140
5614
7895
.6053
.5439
719
4561
.6053
.6579
.6491
719

1657
2773
1289
-.0320
.2000
2719
-.0104
.1680
3951
.0660
3075
3659
2317
.2069
3965
3619
1704
.0985
2995
4890
2852
1489
1816
2974
3553
-.1024
1392
5133
1707
3640

71356
.8598
.8848
5725
.8723
.6634
4851
4983
6933
2477
6780
.8265
7627
7765
.5940
5441
6190
2991
7183
7502
5982
.8369
.6530
.5399
7835
5170
6711
8119
7065
779

2827
3476
A111
.0495
1179
1635
.0149
2281
3233
1722
3488
4122

2319
2552
2230
3132
2580
1674
3971
.2984
3259
.0923
.1854
.3349
.3096
.1953
2647
3238
1722
4368




208

143.
144.
145.
146.
147.
148.
149.
150.
151.
152.
153.
154.
155.
156.
157.
158.
159.
160.

5645
5645
9355
6129
1742

5968
4839
9032
.6613
1742
.7903
7419
6129
5161
6129
.8226
.6935
9355

3583
-.1932
2648
.0448
2427
0151
2945
.0863
3001
2635
2644
1762
2587
4422
2695
3142
2639
1027

5763
5509
9697
5798
7820
.6953
4697
.8858
.6059
.8074
7744
.6534
.6864
.6348
.6919
7840
7882
.8783

3194
.0909
3572
.1984
3390
3077
2175
3245
4845
1962
.3089
3518
2917
4395
.1866
3625
3827
2692

sk

sk

kK

kK

sk

5439
5965
9211
5702
719
5614
4825
9035
5526
7719
.6930
.6842
5789
5175
5526
.8596
7018
.8684

3650
-. 1812
3292
0719
3824
.0950
2665
.0892
3337
3640
3851
2986
2137
4354
.1888
3346
3998
3208

5781
5531
9695
5781
7814
.6960
4698
.8883
.6058
.8105
1745
6537
.6863
.6384
.6926
7835
7897
.8786

3143
.0844
3484
2055
3289
3064
2137
3125
4893
.1888
.3047
3545
2929
4346
1812
3583
3881
2659

Note. Based on item difficulty indices and item discrimination indices, * indicates that

the items will be chosen as anchor items for Form A; ** indicates that the items will be

chosen as anchor items for Form B.



Table 34
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Item Difficulty Indices and Item Discrimination Indices by Languages (Chinese and

English) and Forms (From A and Form B)

Form A Form B
Items Chinese English Chinese English
Diff. Disc. Diff. Disc. Diff. Disc.  Diff. Disc.
. * 7266 3785 7954 3140 9569  .1666 .8606 .5389
2. 7578 4373 8110 .2059 .8621 1536 8715 3502
3. % 7891 3605 .8320 3017 9138 3527 .8660 .6463
4. 7344 0545 6653 2085 ** 7069  .3091 7785 4788
5. S313 2644 5333 2371 6207  .1165 5468 .1046
6. 4766 2679 4301 .0894 8362 3641 .8079 2601
7. 2891  .1486 2196 .0829 8707 2844 7505 4063
8. * 6875 3966 7618 2994 5776 2378 4983 .0708
9. 8672 1791 8116 .2410 8707 4167 .8407 6152
10. 9219  .1450 9370 2657 9655 3321 9029 5067
11. 5859 1664 6623 1028 S172 0 .0243 5229 2658
12. 8125 4299 9124 2805 2155 .0439 2331 1434
13. 4609 2372 6251 1301 ** 7241 3284 .6794 4697
14. 7188 1686 7684 1856 ** 5517  .3748 .6794 3978
15. .0000  .0000 .0000  .0000 .8621 3141 .8332 3568
16. 7734 4018 8566 2666 8276 1941 7949 5312
17. 6641 2646 7888 1755 9052 2238 .8168 5931
18. * .6641 2879 7271 2670 ** 6207 3889 5913 4318
19. .8594 1430 8908  .1831 7241 2724 7211 3879
20. * 7188  .4345 7588 3398 4483 1384 4067 2411
21. * 7188  .5728 7936 3374 3276 1260 3465 .1463
22. .8594  .0710 .8380  .2619 .8103 1530 7321 4510




210

23.
24.
25.
26.
27.
28.
29.
30.
31.
32.
33.
34.
35.
36.
37.
38.
39.
40.
41.
42.
43.
44.
45.
46.
47.
48.
49.
50.
51.
52.

4766
9297
5625
5234
6563
5938
3828
5234
7500
2891
.0000
5391
6563
3828
1734
8125
4219
8750
3438
5391
.8203
5391
4219
4219
7031
5938

.6406
8125
4141
7109

1384
2542
2141
1350
.3483
3902
4431
3742
4515
.0674
.0000
.3604
2443
1691
3852
4016
2654
3229
2743
1225
.0365
4263
3556
2613
3826
2139
3791
2856
.0409
.3080

5327
9202
5717
4811
7139
5927
3299
.6149
7918
2795
.0000
6257
6479
4997
7996
.8488
4307
9238
4397
.6383
7355
5909
4205
3545
.8086
.6605
5705
.8104
4151
1726

2038
2156
2204
2847
1937
3875
3272
2801
2831
.0242
.0000
2834
.2495
2004
3442
3017
2531
.2465
3619
2186
.0783
.1640
2169
2608
3586
1918
2530
2716
.1038
3077

sk

koK

kK

kK

kK

kK

K3k

k3k

3k

K3k

.6293
9655
4224
.8362
.6897
.6207
.8017
8621
5431
.5000
.8793
.5086
7414
5172
.6897
.8966
6121
4655
5690
.8448
7069
5776
.8966
.8362
71586
3190
5690
7155
.5603
3017

0513
4489
1746
1634
4130
1656
3411
.2403
2158
2545
2038
4394
1282
.0849
4074
2756
2074
.0860
.2969

4538
3631
.0846
3725
3586
.5003
2756
3041
2761
2857
2107

6576
.8906
4115
7826
7485
5735
.8086
.9009
.6398
.5407
.8257
.6036
.6644
5981
7027
8510
4361
4621
4648
7731
7088
6787
8271
7628
7478
3336
5352
.6391
5598
2761

2875
.6882
0712
4506
3249
3394
5032
5334
2563
0114
5276
4359
3516
.0682
4143
.1983
.1463
2387
3862
5282
4982
.0884
4960
4539
.5346
2177
3521
4425
3813
2118




211

53.
54.
55.
56.
57.
58.
59.
60.
61.
62.
63.
64.
65.
66.
67.
68.
69.
70.
71.
72.
73.
74.
75.
76.
77.
78.
79.
80.
81.
82.

.6406
5625
.0000
.8281
5234
6797
4531
2500
.0000
.6016
.6328
7109
4688
4688
5547
5078
.6406
4688
.0000
5234
.6953
4688
4219
.8047
6172
6719
.6250
5859
.0000
.0000

2123
.2445
.0000
2767
2946
2363
3471
0521
.0000
3612
2637
4318
-.0912
.2603
4635
.3924
.1083
.1608
.0000
3167
2414
3537
3482
4107
5465
3819
3141
3876
.0000
.0000

7223
5591
.0000
.8704
4553
7349
.5069
2567
.0000
6959
6593
7493
4961
4091
5417
4199
6773
2753
.0000
5261
1175
5699
4439
71534
6353
7672
7067
.5549
.0000
.0000

2269
0751
.0000
2491
1118
3022
.3059
.0163
.0000
.3509
2486
2726
.0380
1424
2731
3245
.1905
.0412
.0000
3047
1272
2384
2012
2640
.3600
3229
1812
4344
.0000
.0000

K3k

ok

%k

3k

K3k

K3k

K3k

ok

7328
1983

7328
7931
7931
5690
.8103
.3793
4052
.8103
.8793
7155
.8017
4310
3793
9741
1897
.0000
.6638
4655
.8879
2069
4052
4310
6121
3707
7931
.6293
3707
5948

3253
-.0076
.2469
.2405
4551
1394
3568
2017
4810
3594
3036
3862
2656
.3007
1118
3370
0611
.0000
3521
-.0181
.3988
.0216
1822
.0880
2681
3192
2782
1677
.0675
4771

.6822
2659
.6808
.8079
.8120
4880
8421
4641
.5830
7341
9057
7239
.8565
4381
4498
9132
2543
.0000
.6254
4935
.8681
3158
4074
4087
5591
3438
7061
177
3254
7259

4112
-.1054
.2686
.5465
5708
2764
3065
2253
4163
5026
.1948
3158
5239
1475
-.0102
5472
.0321
.0000
2210
1265
.6235
.0716
3251
2629
2703
1982
2871
4158
.1920
4472




212

83.
84.
85.
86.
87.
88.
89.
90.
91.
92.
93.
94.
9s5.
96.
97.
98.
99.

100.
101.
102.
103.
104.
105.
106.
107.
108.
109.
110.
I11.
112.

7344
.0000
4609
3516
7266
4922
7656
7188
1578
5547
6172
.8984
4844
4766
.0000

5391
6797
4844
3359
3516
1734
.0000
8516
4063
7109
3906
2500
6172
4766
.8594

.1644
.0000
2896
4904
4116
1417
3294
2998
.3933
2213
3517
4523
2022
.0276
.0000
.3489
.3966
.0595
1628
4060
3247
.0000
4357
1593
.0690
2814
2645
4599
0671
2363

.8092
.0000
4559
4547
6713
5021
.7409
7445
7427
4667
7205
9616
5831
5339
.0000
4865
.6593
5183
3473
3863
.8332
.0000
.8896
4793
6737
3779
3479
.6047
4523
.8380

.1482
.0000
2301

3881
3579
1892
.2809
2020
2304 **
0699 **
3619
2951
2333 **
0926
.0000
3663
2387
0964
0934
3228 **
1885
.0000
2401
1648
1478
1629
2455 **
3470
2141 **
2545 **

3707
5776
.1897
3103
7155
.1466
.8621
7845
759
7500
.6034
.5603
.8103
2845
.8276
5862
.8362
3707
5259
4655
.6810
.6638
.6207
.5086
4655
2586
7414
1810
7069
.8190

3638
.1955
1217
1713
1139
1209
2418
2833
3288
.3006
.0540
.0859
3320
-.1001
1793
4157
.0160
2599
1682
4539
1901
1599
.0020
2025
1185
.0192
3434
0761
3755
4320

4696
4853
2112

3971
71286
1572
7457
.6876
6678
.6494
6152
5414
7949
2215
.8209
7697

.8148

4545
4921
5878
.6883
6528
5386
4757
4730
3390
7239
2064
779
1847

.1476
3084
.1985
2217
4382
.0439
4245
3956
4345
3884
2758
2595
3186
-.0134
4629
1773
2381
2111
1636
5292
2279
3357
1712
2521
515
1702
4379
1275
.3593
5437
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113.
114.
115.
116.
117.
118.
119.
120.
121.
122.
123.
124.
125.
126.
127.
128.
129.
130.
131.
132.
133.
134.
135.
136.
137.
138.
139.
140.
141.
142.

5313
7656
7031
4375
2500
3906
3359
6172
3203
7266
8516
.0000
5703
4453
.8750
5156
.8594
9063
7109
5156
4063
5313
7109
.8359
.8203
7500
5625
4531
7656
5391

2219
3795
3423
2922
1249
3325
4447
5993
2130
3583
3668
.0000
-.0809
2395
1696
1847
3392
1115
2667
4087
2387
1064
1073
0221
0638
0912
4650
2306
3217
2244

5807
9190
.8836
3899
3041
3893
2292
.6539
3209
7049
9424
.0000
4283
4229
8818
.6269
.8566
.8974
6509
5813
3893
4427
8188
8170
1744
7313
4883
5531
.8080
5321

1934
2350
1307
2370

1225
2964
2919
4594
.0623
3272
2302
.0000
-.0618
.1006
2561
2097
3422
2906
2877
3962
2289
1276
.1408
.0992
1930
2075
2560
2385
3434
2177

ks

kK

sk

kK

kK

sk

kK

5776
.6034
71241
5517
4483
4138
2586
4224
.6207
2759
.8362
.8966
7069
.6466
.3966
5948
7500
.8448
.8793
.8362
.6897
5948
7069
.6638
7241
7069
7672
5431
7500
7500

2864
.0375
0815
0775
-.1549
3975
.3809
.0250
2064
.3480
4582
2673
3350
4280
2612
2802
4474
.1023
.0796
4028
.2944
1412
2429
3619
3399
3361
.1888
2598
2241
2017

.6008
4839
.6644
4682
4826
3896
1818
4293
4395
2160
9412
.8804
7642
.6487
5318
4874
8011
7601
.8407
.8455
7430
4272
6671
4990
6576
6288
6671
5571
7820
7047

1485
1411
1932
1884
1899
1619
2935
1464
3929
2558
4156
4251

4676
3755
2380
2610
5579
4343
4668
5895
4951
2329
4290
3455
3851
3178
3892
3333
4967
4097
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143.
144.
145.
146.
147.
148.
149.
150.
151.
152.
153.
154.
155.
156.
157.
158.
159.
160.

8125
.0000

.5469
.5859
3984
71344
.6719
.6641
.9609
.8828
7734
.8438
4141
.8047
.6641
9688
6172
4297

0294
.0000
3220
4218
2841
.2490
2054
1819
0268
.0894
.3969
3038
2500
1990
.0996
1844
3627
3378

8254
.0000

5345
.5609
4385
.6959
7079
157
9316
.8170
.8410
.8440
3221
8134
.6905
9190
7469
4385

1657
.0000
2713
3309
2269
2878
1580
.0041
1895
0910
.2459
2001
2934
2145
1129
2637
1870
1196

3k

ok

7069
.8966
.8879
4828
.0000
.5948
.6638
.5948
.8190
.6379
.6379
9310
4224
7759
2759
.6552
.6983
5431

.1803
1259
.0291
0787
.0000
3826
2860
.0474
3164
3793
1076
.0028
2923
.1470
.0849
1212
2627
.0128

6569
.8339
.8059
4880
.0000

6391
.6630
5564
.8059
6794
6104
.8489
3575
7204
3042
.8025
6370
4730

2814
4958
3558
2984
.0000
4490
4011
1736
4836
.2040
2103
.1843
2457
3935
.1239
1501
2340
2268

Note. Based on item difficulty indices and item discrimination indices, * indicates that

the items will be chosen as anchor items for Form A; ** indicates that the items will be

chosen as anchor items for Form B.
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APPENDIX D

Delta Plots for All Target Language Groups



Figure 27
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Korean Language: Delta Plot for All Content Specifications in Form A
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Figure 28

Korean Language: Delta Plot for Content Specification One in Form A
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Figure 29

Korean Language: Delta Plot for Content Specification Two in Form A
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Figure 30

Korean Language: Delta Plot for Content Specification Three in Form A
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Korean Language: Delta Plot for Content Specification Four in Form A
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Figure 32

Korean Language: Delta Plot for Content Specification Five in Form A
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Korean Language: Delta Plot for Content Specification Six in Form A
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Figure 34

Korean Language: Delta Plot for All Content Specifications in Form B
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Korean Language: Delta Plot for Content Specification One in Form B
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Figure 36
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Korean Language: Delta Plot for Content Specification Two in Form B
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Figure 37

Korean Language: Delta Plot for Content Specification Three in Form B
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Figure 38

Korean Language: Delta Plot for Content Specification Four in Form B
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Figure 39
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Korean Language: Delta Plot for Content Specification Five in Form B
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Figure 40

Korean Language: Delta Plot for Content Specification Six in Form B
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Figure 41

Spanish Language: Delta Plot for All Content Specifications in Form A
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Figure 42

Spanish Language: Delta Plot for Content Specification One in Form A
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Spanish Language: Delta Plot for Content Specification Two in Form A

DELTA2_E

20 1

6787
50 +

104
+

25

97 * 15
+

102

141 i

59
79% F

198

+
49
+

DELTA2_S

Figure 44

Spanish Language: Delta Plot for Content Specification Three in Form A
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Figure 45
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Spanish Language. Delta Plot for Content Specification Four in Form A
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Figure 46
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Spanish Language: Delta Plot for Content Specification Five in Form A
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Figure 47
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Spanish Language: Delta Plot for Content Specification Six in Form A
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Figure 48

Spanish Language: Delta Plot for All Content Specifications in Form B
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Spanish Language: Delta Plot for Content Specification One in Form B
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Figure 50

Spanish Language: Delta Plot for Content Specification Two in Form B
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Spanish Language: Delta Plot for Content Specification Three in Form B
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Figure 52

Spanish Language: Delta Plot for Content Specification Four in Form B
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Figure 53

Spanish Language: Delta Plot for Content Specification Five in Form B
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Figure 54

Spanish Language: Delta Plot for Content Specification Six in Form B
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Figure 55

Chinese Language: Delta Plot for All Content Specifications in Form A
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Figure 56

Chinese Language: Delta Plot for Content Specification One in Form A

201

12
122
18 1 +g4
17 2] r
16 93 18
148
14 128
+
121 5o %
> 134
+
10
8-
6-
LIJI 4
-
<
= 2
|
w
D 0 T T T T T T T T T 1
0 2 4 6 8 10 12 14 16 18 20

DELTA1_C



Figure 57

231

Chinese Language: Delta Plot for Content Specification Two in Form A
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Figure 58

Chinese Language: Delta Plot for Content Specification Three in Form A
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Chinese Language: Delta Plot for Content Specification Four in Form A
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Figure 60

Chinese Language: Delta Plot for Content Specification Five in Form A

DELTA5_E

20 1

18 1

16

14 -

12 4

10

94
14 gt
852 4
6o, + 18 43
h
9532

124

DELTA5_C



Figure 61
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Chinese Language: Delta Plot for Content Specification Six in Form A
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Chinese Language: Delta Plot for All Content Specifications in Form B
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Chinese Language: Delta Plot for Content Specification One in Form B
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Figure 64

Chinese Language: Delta Plot for Content Specification Two in Form B
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Figure 65
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Chinese Language: Delta Plot for Content Specification Three in Form B
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Figure 66

Chinese Language: Delta Plot for Content Specification Four in Form B
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Figure 67
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Chinese Language: Delta Plot for Content Specification Five in Form B
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Chinese Language: Delta Plot for Content Specification Six in Form B
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APPENDIX E

Items That Chosen as Anchor Items

for Two Anchor Tests
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Table 35

Korean Language: Items That Chosen as Anchor Items for Two Anchor Tests

Form A Form B
Content Area Anchor One Anchor Two Anchor One Anchor Two
25 * 25 * 28 89
Content Area 97 140 96 117
1 122 154 152
142 157
12 5 23 51
Content Area 147 i > o8
84 43 92
2 58+ 136
123 142
23 67 46%* 6
30 79 53%#* 37
40 86 62 46**
Content Area . He 7 »
103 136 101 53
. 111 137* 130 68
133 138 86
137* 157* 159
157*
68* 18 45 5
Content Area 113* 68* 60 18
4 113%* 143
151

(Table continues)



Table 35. (continued)
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21 7 57 84
75 55 75 93%#*
Content Area 78 91 88 119
5 93* 93* 93 150
107 126 107
128* 128* 150
50 2 8 22
51 10 40 38
52% 13 59 54
53 22 76 55
65 26 87 67
Content Area 7 o2 1027 70
72 64 104%* 82
¢ 74 71* 108 102%*
82 76 110 104**
110 96 114 118
121 127 115 122%*
134* 134* 122%* 125
148* 148%* 134 146
Total 36 36 36 36

Note. * indicates that the items that chosen as anchor items for both anchor tests in Form

A; ** indicates that the items chosen as anchor items for both anchor test in Form B.
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Table 36

Spanish Language: Items That Chosen as Anchor Items for Two Anchor Tests

Form A Form B
Content Area Anchor One Anchor Two Anchor One Anchor Two
12 28%* 3 48
Content Area 28* 69 12 118
1 126 91
131 126
15 50 50 67
59 60* 59 79
Content Area
5 60* 87 60 125%*
79 125 125%* 141
152
7 2 7 5
64* 20 8 13
90 32 61 32
105 45 90 37
Content Area
; 129 63 105 67
140 64* 154 72
107 106
111 123
145 156
22 36* 11%* 11%*
36* 114 22 82
Content Area
68 55
4
82 68
137

(Table continues)



Table 36. (continued)
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6 21 19 74
30 41 30 85
Content Area 74 99 121 99
5 121%* 121%* 132 108
123 139 154 113
147* 147* 125
19 16 20%* 19
34* 18 40 20%*
54* 26 54 53
56* 34* 70 56
57 54%* 76 73
Content Area 70 26" s B
6 85 77 89 110
89 85 92 128
131 93 133%* 130
136 100 136 133%*
143 103 143%* 134
151 128 153 143%*
153 143 159 151
Total 37 37 37 37

Note. * indicates that the items that chosen as anchor items for both anchor tests in Form

A; ** indicates that the items chosen as anchor items for both anchor test in Form B.
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Table 37

Chinese Language: Items That Chosen as Anchor Items for Two Anchor Tests

Form A Form B
Content Area Anchor One Anchor Two Anchor One Anchor Two
1* 1* 14 29%*
18 14 209%* 87
Content Area 21 103 92 93
1 25 153 129 147
59
93
89 19 42 104
Content Area 71 47 109**
2 81 102
157 109%**
3 65 13 3
20 73 34 6
30 82 37 9
34 88 43 12
53 97 57 13
Content Area 98 105 73 15
3 122 121 91 25
156 133 40
160 148 48
85
88
110
Content area i 32 % 10
141 146* 26
4 146*

(Table continues)
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Table 37. (continued)

8 31* 18 16
31%* 37* 46 66
Content Area 37 0 » 7
5 52 63 62 149
62 124 82
63 111
132
28%* 28%* 4 11
38 35 27 S1**
64 39 ST 68
67* 45 61 71
68 50 T3** 73*
72% 60 77 94
Content Area 77 67* Q5% 95
6 78 72% 112%* 99
80 85 125 112%*
87 91 126 120
110 99 137 135
120 118 138 142
131 142 140 146
145%* 145%* 151%* 151%*
Total 38 38 38 38

Note. * indicates that the items that chosen as anchor items for both anchor tests in Form

A; ** indicates that the items chosen as anchor items for both anchor test in Form B.
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APPENDIX F
Raw Score Statistics for Tests and Anchors

in the SL and TL Examinee Groups



Table 38

Raw Score Statistics for Tests and Anchors for Anchor Test One
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Source Language (SL) Target Language (TL)
Group Form Section %jcfc} N MeaE?SS;)) Mégﬁ?gg) Cor.! N MeZE(S;D) MéZﬁ?g]g) Cor.
A V1 23 875 77.32(11.92) 15.693.9) .878 76.93(9.33) 15.94(4.15) .8%4
Korean NVI 13 29.55(8.40) 7.51(2.86) .878 35.27(7.17)  8.82(2.78) .862
B V2 23 1422 81.28(11.68) 15.83(3.88) .868 17 77.99(11.16) 15.81(3.94)  .857
NV2 13 29.39(7.57) 6.88(2.89) .863 31.38(6.82)  7.85(2.68) .873
A A\ 24 1454 75.67(11.67) 17.22(3.40) .899 6 71.11(11.76) 15.84(4.44)  .908
Spanish NVI 13 33.20(8.13)  8.63(2.80) .884 15.84(4.43) 8.61(2.74) .896
B V2 24 1441 75.75(11.49  17.53(3.96) .885 4 70.14(12.23) 16.09(4.50)  .926
NV2 13 33.22(8.11) 8.38(2.91) .885 30.74(8.43)  7.92(3.05) 916
A A\ 24 677 66.38(10.52) 16.80(4.11) .882 130 63.6(11.79) 15.69(4.62)  .926
Chinese NVI 14 27.48(7.48) 8.72(3.08) .866 27.58(8.80)  8.75(3.43) .892
B V2 14 1463 62.83(15.37) 16.99(5.56) 912 16 63.87(12.46) 16.79(4.96)  .879
NV2 14 37.10(8.33)  9.74(3.02)  .895 38.11(5.80)  9.64(2.77) .826

1 .
Note. " Pearson correlation between test raw score and anchor raw score



Table 39

Raw Score Statistics for Tests and Anchors for Anchor Test Two
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Source Language (SL) Target Language (TL)
Group Form Section %jcfc} N MeaE?SS;)) Mégﬁ?gg) Cor.! N MeZE(S;D) MéZﬁ?g]g) Cor.
A Vi 23 875 77.32(11.92) 17.21(3.01) .849 76.93(9.33) 17.07(2.46)  .783
Korean NVI 13 29.55(8.40) 7.14(2.46) .850 35.27(7.17)  8.31(2.24) .892
B V2 23 1422 81.28(11.68) 16.07(2.76) .838 17 77.99(11.16) 15.41(2.81)  .805
NV2 13 29.39(7.57)  7.45(2.09) .826 31.38(6.82)  7.98(1.87) 764
A A\ 24 1454 75.67(11.67) 18.17(3.10) .862 6 71.11(11.76) 17.31(3.25) .877
Spanish NVI 13 33.20(8.13)  7.92(2.44) .835 31.39(8.02)  7.50(2.67) .837
B V2 24 1441 75.75(11.49) 18.12(2.80) .827 4 70.14(12.23) 17.07(2.97)  .823
NV2 13 33.22(8.11)  8.50(2.38) .839 30.74(8.43)  7.95(2.32) 827
A A\ 24 677 66.38(10.52) 12.99(2.41) .738 130 63.60(11.79) 12.47(2.86)  .826
Chinese NVI 14 27.48(7.48) 7.51(2.52) .835 27.58(8.80)  7.57(2.87) 851
B V2 24 1463 62.83(15.37) 14.56(3.65) .88l 63.87(12.46) 14.80(2.80)  .819
NV2 14 37.10(8.33)  9.52(2.74) .874 38.11(5.80)  9.81(2.28) 712

1 .
Note. " Pearson correlation between test raw score and anchor raw score
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APPENDIX G
Statistics for Levine Linear Equating

and Mean-Sigma Equating
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Korean Language: Levine Equating and Mean-Sigma Equating for the Verbal Section

Anchor Test One Anchor Test Two
Slzz:::s Levine Equating Mgzrlll-jiif;na Levine Equating Mgzrlll;sﬁif;na
First ~ Second  First  Second  First  Second  First  Second
Link Link Link Link Link Link Link Link
.00 -24.16 5.38 5.52 -14.03 5.69 -3.87 5.51 -14.03
1.00 -22.82 6.35 6.50 -12.83 6.62 -2.82 6.49 -12.83
2.00 -21.48 7.33 7.48 -11.64 7.54 -1.77 7.47 -11.63
3.00 -20.14 8.30 8.46 -10.44 8.46 =72 8.45 -10.43
4.00 -18.80 9.28 9.44 -9.24 9.39 33 9.43 -9.23
5.00 -17.47  10.25 10.42 -8.05 10.31 1.38 10.41 -8.03
6.00 -16.13 11.23 11.40 -6.85 11.23 2.43 11.39 -6.83
7.00 -14.79  12.20 12.38 -5.66 12.15 3.48 12.37 -5.63
8.00 -13.45 13.18 13.36 -4.46 13.08 4.53 13.35 -4.43
9.00 -12.11 14.15 14.34 -3.26 14.00 5.58 14.33 -3.23
10.00  -10.78  15.12 15.32 -2.07 14.92 6.63 15.31 -2.03
11.00 -9.44 16.10 16.30 -.87 15.84 7.68 16.29 -.83
12.00 -8.10 17.07 17.28 32 16.77 8.73 17.27 37
13.00 -6.76 18.05 18.26 1.52 17.69 9.78 18.25 1.57
14.00 -5.43 19.02 19.23 2.72 18.61 10.83 19.23 2.77
15.00 -4.09 20.00 20.21 3.91 19.53 11.88 20.21 3.97
16.00 -2.75 20.97 21.19 5.11 20.46 12.93 21.19 5.17
17.00 -1.41 21.95 22.17 6.31 21.38 13.98 22.17 6.37
18.00 -.07 22.92 23.15 7.50 22.30 15.03 23.15 7.57
19.00 1.26 23.90 24.13 8.70 23.23 16.08 24.13 8.77
20.00 2.60 24.87 25.11 9.89 24.15 17.13 25.11 9.97
21.00 3.94 25.84 26.09 11.09 25.07 18.18 26.09 11.17
22.00 5.28 26.82 27.07 12.29 25.99 19.23 27.07 12.37
23.00 6.61 27.79 28.05 13.48 26.92 20.28 28.05 13.57
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24.00
25.00
26.00
27.00
28.00
29.00
30.00
31.00
32.00
33.00
34.00
35.00
36.00
37.00
38.00
39.00
40.00
41.00
42.00
43.00
44.00
45.00
46.00
47.00
48.00
49.00
50.00
51.00
52.00
53.00

7.95
9.29
10.63
11.97
13.30
14.64
15.98
17.32
18.66
19.99
21.33
22.67
24.01
25.34
26.68
28.02
29.36
30.70
32.03
33.37
34.71
36.05
37.39
38.72
40.06
41.40
42.74
44.07
4541
46.75

28.77
29.74
30.72
31.69
32.67
33.64
34.62
35.59
36.57
37.54
38.51
39.49
40.46
41.44
4241
43.39
44.36
45.34
46.31
47.29
48.26
49.23
50.21
51.18
52.16
53.13
54.11
55.08
56.06
57.03

29.03
30.01
30.99
31.97
32.95
33.93
34.91
35.89
36.87
37.85
38.83
39.81
40.79
41.77
42.75
43.73
44.71
45.69
46.67
47.65
48.63
49.61
50.59
51.57
52.55
53.53
54.51
55.49
56.47
57.45

14.68
15.87
17.07
18.27
19.46
20.66
21.86
23.05
24.25
25.44
26.64
27.84
29.03
30.23
31.42
32.62
33.82
35.01
36.21
37.40
38.60
39.80
40.99
42.19
43.39
44.58
45.78
46.97
48.17
49.37

27.84
28.76
29.68
30.61
31.53
32.45
33.38
34.30
35.22
36.14
37.07
37.99
38.91
39.83
40.76
41.68
42.60
43.53
44.45
45.37
46.29
47.22
48.14
49.06
49.98
50.91
51.83
52.75
53.67
54.60

21.32
22.37
23.42
24.47
25.52
26.57
27.62
28.67
29.72
30.77
31.82
32.87
33.92
34.97
36.02
37.07
38.12
39.17
40.22
41.27
42.32
43.37
44.42
45.47
46.52
47.57
48.62
49.67
50.72
51.77

29.03
30.01
30.99
31.97
32.95
33.93
34.91
35.89
36.87
37.85
38.83
39.81
40.79
41.77
42.75
43.73
44.71
45.69
46.67
47.65
48.63
49.61
50.59
51.57
52.55
53.53
54.51
55.49
56.47
57.45

14.77
15.97
17.17
18.37
19.57
20.77
21.97
23.17
24.37
25.57
26.77
27.97
29.17
30.37
31.57
32.77
33.97
35.17
36.37
37.57
38.77
39.97
41.17
42.37
43.57
44.77
45.97
47.17
48.37
49.57
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54.00
55.00
56.00
57.00
58.00
59.00
60.00
61.00
62.00
63.00
64.00
65.00
66.00
67.00
68.00
69.00
70.00
71.00
72.00
73.00
74.00
75.00
76.00
77.00
78.00
79.00
80.00
81.00
82.00
83.00

48.09
49.43
50.76
52.10
53.44
54.78
56.11
57.45
58.79
60.13
61.47
62.80
64.14
65.48
66.82
68.16
69.49
70.83
72.17
73.51
74.84
76.18
77.52
78.86
80.20
81.53
82.87
84.21
85.55
86.88

58.01
58.98
59.96
60.93
61.90
62.88
63.85
64.83
65.80
66.78
67.75
68.73
69.70
70.68
71.65
72.62
73.60
74.57
75.55
76.52
77.50
78.47
79.45
80.42
81.40
82.37
83.35
84.32
85.29
86.27

58.43
5941
60.39
61.37
62.35
63.33
64.31
65.29
66.27
67.25
68.23
69.21
70.19
71.17
72.15
73.13
74.11
75.09
76.07
77.05
78.03
79.01
79.99
80.97
81.95
82.93
83.91
84.89
85.87
86.85

50.56
51.76
52.95
54.15
55.35
56.54
57.74
58.94
60.13
61.33
62.52
63.72
64.92
66.11
67.31
68.50
69.70
70.90
72.09
73.29
74.49
75.68
76.88
78.07
79.27
80.47
81.66
82.86
84.05
85.25

55.52
56.44
57.37
58.29
59.21
60.13
61.06
61.98
62.90
63.82
64.75
65.67
66.59
67.52
68.44
69.36
70.28
71.21
72.13
73.05
73.97
74.90
75.82
76.74
77.67
78.59
79.51
80.43
81.36
82.28

52.82
53.86
54.91
55.96
57.01
58.06
59.11
60.16
61.21
62.26
63.31
64.36
65.41
66.46
67.51
68.56
69.61
70.66
71.71
72.76
73.81
74.86
75.91
76.96
78.01
79.06
80.11
81.16
82.21
83.26

58.43
59.41
60.39
61.37
62.35
63.33
64.31
65.29
66.27
67.25
68.23
69.21
70.19
71.17
72.15
73.13
74.11
75.09
76.07
77.05
78.03
79.01
79.99
80.97
81.95
82.93
83.91
84.89
85.87
86.85

50.77
51.97
53.17
54.37
55.57
56.77
57.97
59.17
60.37
61.57
62.77
63.97
65.17
66.37
67.57
68.77
69.97
71.17
72.37
73.57
74.77
75.97
77.17
78.37
79.57
80.77
81.97
83.17
84.37
85.57
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84.00
85.00
86.00
87.00
88.00
89.00
90.00
91.00
92.00
93.00
94.00
95.00
96.00
97.00
98.00
99.00
100.00
101.00
102.00
103.00
104.00
105.00
106.00
107.00

88.22
89.56
90.90
92.24
93.57
94.91
96.25
97.59
98.93
100.26
101.60
102.94
104.28
105.61
106.95
108.29
109.63
110.97
112.30
113.64
114.98
116.32
117.65
118.99

87.24
88.22
89.19
90.17
91.14
92.12
93.09
94.07
95.04
96.01
96.99
97.96
98.94
99.91
100.89
101.86
102.84
103.81
104.79
105.76
106.74
107.71
108.68
109.66

87.83
88.81
89.79
90.77
91.74
92.72
93.70
94.68
95.66
96.64
97.62
98.60
99.58
100.56
101.54
102.52
103.50
104.48
105.46
106.44
107.42
108.40
109.38
110.36

86.45
87.64
88.84
90.04
91.23
92.43
93.62
94.82
96.02
97.21
98.41
99.60
100.80
102.00
103.19
104.39
105.58
106.78
107.98
109.17
110.37
111.57
112.76
113.96

83.20
84.12
85.05
85.97
86.89
87.81
88.74
89.66
90.58
91.51
92.43
93.35
94.27
95.20
96.12
97.04
97.96
98.89
99.81
100.73
101.66
102.58
103.50
104.42

84.31
85.36
86.41
87.45
88.50
89.55
90.60
91.65
92.70
93.75
94.80
95.85
96.90
97.95
99.00
100.05
101.10
102.15
103.20
104.25
105.30
106.35
107.40
108.45

87.83
88.81
89.79
90.77
91.75
92.73
93.71
94.69
95.67
96.65
97.63
98.61
99.59
100.57
101.55
102.53
103.51
104.49
105.47
106.45
107.43
108.41
109.39
110.37

86.77
87.97
89.17
90.37
91.57
92.77
93.97
95.17
96.37
97.57
98.77
99.97
101.17
102.37
103.57
104.77
105.97
107.17
108.37
109.57
110.77
111.97
113.17
114.37
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Korean Language: Levine Equating and Mean-Sigma Equating for Non-Verbal Section

Anchor Test One Anchor Test Two
Slzz:::s Levine Equating Mgzrlll-jiif;na Levine Equating Mgzrlll;sﬁif;na
First ~ Second  First  Second  First  Second  First  Second
Link Link Link Link Link Link Link Link
.00 -5.78 2.11 2.72 -2.17 -1.61 1.62 2.72 -2.17
1.00 -4.65 3.07 3.63 -1.22 -.60 2.58 3.62 -1.22
2.00 -3.53 4.03 4.53 -27 42 3.54 4.52 =27
3.00 -2.40 5.00 5.43 .69 1.44 4.50 5.42 .68
4.00 -1.27 5.96 6.33 1.64 2.45 5.45 6.32 1.63
5.00 -.15 6.93 7.24 2.59 3.47 6.41 7.22 2.58
6.00 .98 7.89 8.14 3.54 4.48 7.37 8.12 3.53
7.00 2.10 8.86 9.04 4.49 5.50 8.33 9.02 4.48
8.00 3.23 9.82 9.94 5.44 6.52 9.28 9.92 5.43
9.00 4.36 10.78 10.85 6.39 7.53 10.24 10.82 6.38
10.00 5.48 11.75 11.75 7.34 8.55 11.20 11.72 7.33
11.00 6.61 12.71 12.65 8.29 9.57 12.16 12.62 8.28
12.00 7.73 13.68 13.55 9.25 10.58 13.12 13.52 9.23
13.00 8.86 14.64 14.46 10.20 11.60 14.07 14.42 10.18
14.00 9.99 15.61 15.36 11.15 12.61 15.03 15.32 11.13
15.00 11.11 16.57 16.26 12.10 13.63 15.99 16.22 12.08
16.00 12.24 17.53 17.16 13.05 14.65 16.95 17.12 13.03
17.00 13.37 18.50 18.07 14.00 15.66 17.91 18.02 13.98
18.00 14.49 19.46 18.97 14.95 16.68 18.86 18.92 14.93
19.00 15.62 20.43 19.87 15.90 17.70 19.82 19.82 15.88
20.00 16.74 21.39 20.77 16.86 18.71 20.78 20.72 16.83
21.00 17.87 22.36 21.67 17.81 19.73 21.74 21.62 17.78
22.00 19.00 23.32 22.58 18.76 20.74 22.69 22.52 18.73
23.00 20.12 24.28 23.48 19.71 21.76 23.65 23.42 19.68




253

24.00
25.00
26.00
27.00
28.00
29.00
30.00
31.00
32.00
33.00
34.00
35.00
36.00
37.00
38.00
39.00
40.00
41.00
42.00
43.00
44.00
45.00
46.00
47.00
48.00
49.00
50.00
51.00
52.00
53.00

21.25
22.37
23.50
24.63
25.75
26.88
28.01
29.13
30.26
31.38
32.51
33.64
34.76
35.89
37.01
38.14
39.27
40.39
41.52
42.64
43.77
44.90
46.02
47.15
48.28
49.40
50.53
51.65
52.78
5391

25.25
26.21
27.18
28.14
29.11
30.07
31.03
32.00
32.96
33.93
34.89
35.86
36.82
37.78
38.75
39.71
40.68
41.64
42.61
43.57
44.53
45.50
46.46
47.43
48.39
49.36
50.32
51.28
52.25
53.21

24.38
25.28
26.19
27.09
27.99
28.89
29.80
30.70
31.60
32.50
33.41
34.31
35.21
36.11
37.02
37.92
38.82
39.72
40.62
41.53
42.43
43.33
44.23
45.14
46.04
46.94
47.84
48.75
49.65
50.55

20.66
21.61
22.56
23.51
24.46
25.42
26.37
27.32
28.27
29.22
30.17
31.12
32.07
33.03
33.98
34.93
35.88
36.83
37.78
38.73
39.68
40.64
41.59
42.54
43.49
44.44
45.39
46.34
47.29
48.24

22.78
23.79
24.81
25.83
26.84
27.86
28.87
29.89
30.91
31.92
32.94
33.96
34.97
35.99
37.00
38.02
39.04
40.05
41.07
42.09
43.10
44.12
45.13
46.15
47.17
48.18
49.20
50.22
51.23
52.25

24.61
25.57
26.53
27.48
28.44
29.40
30.36
31.31
32.27
33.23
34.19
35.15
36.10
37.06
38.02
38.98
39.94
40.89
41.85
42.81
43.77
44.72
45.68
46.64
47.60
48.56
49.51
50.47
51.43
52.39

2432
25.22
26.12
27.02
27.92
28.82
29.72
30.62
31.52
32.42
33.32
34.22
35.12
36.02
36.92
37.82
38.72
39.62
40.52
41.42
42.32
43.22
44.12
45.02
45.92
46.82
47.72
48.62
49.52
50.42

20.63
21.58
22.53
23.48
24.43
25.38
26.33
27.28
28.23
29.18
30.13
31.08
32.03
32.98
33.93
34.88
35.83
36.78
37.73
38.68
39.63
40.58
41.53
42.48
43.43
4438
45.33
46.28
47.23
48.18
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Spanish Language: Levine Equating and Mean-Sigma Equating for the Verbal Section

Anchor Test One Anchor Test Two
Slzz:::s Levine Equating Mgzrlll-jiif;na Levine Equating Mgzrlll;sﬁif;na
First ~ Second  First  Second  First  Second  First  Second
Link Link Link Link Link Link Link Link
.00 -8.96 -6.22 1.25 -3.80 -2.91 -1.05 1.25 -3.80
1.00 -7.84 -5.12 2.23 -2.76 -1.86 -.03 2.23 -2.76
2.00 -6.71 -4.02 3.21 -1.72 -.81 .99 3.21 -1.72
3.00 -5.58 -2.91 4.19 -.68 24 2.01 4.19 -.68
4.00 -4.46 -1.81 5.17 .36 1.30 3.03 5.17 .36
5.00 -3.33 =71 6.15 1.40 2.35 4.05 6.15 1.40
6.00 -2.20 .39 7.13 2.44 3.40 5.07 7.13 2.44
7.00 -1.08 1.49 8.11 3.48 4.45 6.09 8.11 3.48
8.00 .05 2.59 9.09 4.52 5.50 7.11 9.09 4.52
9.00 1.18 3.69 10.07 5.56 6.55 8.13 10.07 5.56
10.00 2.30 4.79 11.05 6.60 7.61 9.15 11.05 6.60
11.00 3.43 5.89 12.03 7.64 8.66 10.17 12.03 7.64
12.00 4.56 7.00 13.01 8.68 9.71 11.19 13.01 8.68
13.00 5.68 8.10 13.99 9.72 10.76 12.21 13.99 9.72
14.00 6.81 9.20 14.97 10.76 11.81 13.23 14.97 10.76
15.00 7.93 10.30 15.95 11.80 12.86 14.25 15.95 11.80
16.00 9.06 11.40 16.93 12.84 13.92 15.27 16.93 12.84
17.00 10.19 12.50 17.91 13.88 14.97 16.29 17.91 13.88
18.00 11.31 13.60 18.89 14.92 16.02 17.31 18.89 14.92
19.00 12.44 14.70 19.87 15.96 17.07 18.33 19.87 15.96
20.00 13.57 15.81 20.85 17.00 18.12 19.36 20.85 17.00
21.00 14.69 16.91 21.83 18.04 19.17 20.38 21.83 18.04
22.00 15.82 18.01 22.81 19.08 20.23 21.40 22.81 19.08
23.00 16.95 19.11 23.79 20.12 21.28 22.42 23.79 20.12




255

24.00
25.00
26.00
27.00
28.00
29.00
30.00
31.00
32.00
33.00
34.00
35.00
36.00
37.00
38.00
39.00
40.00
41.00
42.00
43.00
44.00
45.00
46.00
47.00
48.00
49.00
50.00
51.00
52.00
53.00

18.07
19.20
20.32
21.45
22.58
23.70
24.83
25.96
27.08
28.21
29.34
30.46
31.59
32.72
33.84
34.97
36.09
37.22
38.35
39.47
40.60
41.73
42.85
43.98
45.11
46.23
47.36
48.49
49.61
50.74

20.21
21.31
22.41
23.51
24.62
25.72
26.82
27.92
29.02
30.12
31.22
32.32
33.43
34.53
35.63
36.73
37.83
38.93
40.03
41.13
42.24
43.34
44.44
45.54
46.64
47.74
48.84
49.94
51.05
52.15

24.77
25.75
26.73
27.71
28.69
29.67
30.65
31.63
32.61
33.59
34.57
35.55
36.53
37.51
38.49
39.47
40.45
41.43
4241
43.39
44.37
45.35
46.33
47.31
48.29
49.27
50.25
51.23
52.21
53.19

21.16
22.20
23.24
24.28
25.32
26.36
27.40
28.44
29.48
30.52
31.56
32.60
33.64
34.68
35.72
36.76
37.80
38.84
39.88
40.92
41.96
43.00
44.04
45.08
46.12
47.16
48.20
49.24
50.28
51.32

22.33
23.38
24.43
25.48
26.54
27.59
28.64
29.69
30.74
31.80
32.85
33.90
34.95
36.00
37.05
38.11
39.16
40.21
41.26
4231
43.36
44.42
45.47
46.52
47.57
48.62
49.67
50.73
51.78
52.83

23.44
24.46
25.48
26.50
27.52
28.54
29.56
30.58
31.60
32.62
33.64
34.66
35.68
36.70
37.72
38.74
39.76
40.78
41.81
42.83
43.85
44.87
45.89
46.91
47.93
48.95
49.97
50.99
52.01
53.03

24.77
25.75
26.73
27.71
28.69
29.67
30.65
31.63
32.61
33.59
34.57
35.55
36.53
37.51
38.49
39.47
40.45
41.43
4241
43.39
44.37
45.35
46.33
47.31
48.29
49.27
50.25
51.23
52.21
53.19

21.16
22.20
23.24
24.28
25.32
26.36
27.40
28.44
29.48
30.52
31.56
32.60
33.64
34.68
35.72
36.76
37.80
38.84
39.88
40.92
41.96
43.00
44.04
45.08
46.12
47.16
48.20
49.24
50.28
51.32
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54.00
55.00
56.00
57.00
58.00
59.00
60.00
61.00
62.00
63.00
64.00
65.00
66.00
67.00
68.00
69.00
70.00
71.00
72.00
73.00
74.00
75.00
76.00
77.00
78.00
79.00
80.00
81.00
82.00
83.00

51.86
52.99
54.12
55.24
56.37
57.50
58.62
59.75
60.88
62.00
63.13
64.26
65.38
66.51
67.63
68.76
69.89
71.01
72.14
73.27
74.39
75.52
76.65
77.77
78.90
80.03
81.15
82.28
83.40
84.53

53.25
54.35
55.45
56.55
57.65
58.75
59.86
60.96
62.06
63.16
64.26
65.36
66.46
67.56
68.67
69.77
70.87
71.97
73.07
74.17
75.27
76.37
77.48
78.58
79.68
80.78
81.88
82.98
84.08
85.18

54.17
55.15
56.13
57.11
58.09
59.07
60.05
61.03
62.01
62.99
63.97
64.95
65.93
66.91
67.89
68.87
69.85
70.83
71.81
72.79
73.77
74.75
75.73
76.71
77.69
78.67
79.65
80.63
81.61
82.59

52.36
53.40
54.44
55.48
56.52
57.56
58.60
59.64
60.68
61.72
62.76
63.80
64.84
65.88
66.92
67.96
69.00
70.04
71.08
72.12
73.16
74.20
75.24
76.28
77.32
78.36
79.40
80.44
81.48
82.52

53.88
54.93
55.98
57.04
58.09
59.14
60.19
61.24
62.30
63.35
64.40
65.45
66.50
67.55
68.61
69.66
70.71
71.76
72.81
73.86
74.92
75.97
77.02
78.07
79.12
80.17
81.23
82.28
83.33
84.38

54.05
55.07
56.09
57.11
58.13
59.15
60.17
61.19
62.21
63.23
64.26
65.28
66.30
67.32
68.34
69.36
70.38
71.40
72.42
73.44
74.46
75.48
76.50
77.52
78.54
79.56
80.58
81.60
82.62
83.64

54.17
55.15
56.13
57.11
58.09
59.07
60.05
61.03
62.01
62.99
63.97
64.95
65.93
66.91
67.89
68.87
69.85
70.83
71.81
72.79
73.77
74.75
75.73
76.71
77.69
78.67
79.65
80.63
81.61
82.59

52.36
53.40
54.44
55.48
56.52
57.56
58.60
59.64
60.68
61.72
62.76
63.80
64.84
65.88
66.92
67.96
69.00
70.04
71.08
72.12
73.16
74.20
75.24
76.28
77.32
78.36
79.40
80.44
81.48
82.52
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84.00
85.00
86.00
87.00
88.00
89.00
90.00
91.00
92.00
93.00
94.00
95.00
96.00
97.00
98.00
99.00
100.00
101.00
102.00
103.00
104.00
105.00
106.00
107.00

85.66
86.78
87.91
89.04
90.16
91.29
92.42
93.54
94.67
95.79
96.92
98.05
99.17
100.30
101.43
102.55
103.68
104.81
105.93
107.06
108.19
109.31
110.44
111.56

86.28
87.39
88.49
89.59
90.69
91.79
92.89
93.99
95.09
96.20
97.30
98.40
99.50
100.60
101.70
102.80
103.90
105.01
106.11
107.21
108.31
109.41
110.51
111.61

83.57
84.55
85.53
86.51
87.49
88.47
89.45
90.43
91.41
92.39
93.37
94.35
95.33
96.31
97.29
98.27
99.25
100.23
101.21
102.19
103.17
104.15
105.13
106.11

83.56
84.60
85.64
86.68
87.72
88.76
89.80
90.84
91.88
92.92
93.96
95.00
96.04
97.08
98.12
99.16
100.20
101.24
102.28
103.32
104.36
105.40
106.44
107.48

85.43
86.48
87.54
88.59
89.64
90.69
91.74
92.79
93.85
94.90
95.95
97.00
98.05
99.11
100.16
101.21
102.26
103.31
104.36
105.42
106.47
107.52
108.57
109.62

84.66
85.68
86.70
87.73
88.75
89.77
90.79
91.81
92.83
93.85
94.87
95.89
96.91
97.93
98.95
99.97
100.99
102.01
103.03
104.05
105.07
106.09
107.11
108.13

83.57
84.55
85.53
86.51
87.49
88.47
89.45
90.43
91.41
92.39
93.37
94.35
95.33
96.31
97.29
98.27
99.25
100.23
101.21
102.19
103.17
104.15
105.13
106.11

83.56
84.60
85.64
86.68
87.72
88.76
89.80
90.84
91.88
92.92
93.96
95.00
96.04
97.08
98.12
99.16
100.20
101.24
102.28
103.32
104.36
105.40
106.44
107.48
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Spanish Language: Levine Equating and Mean-Sigma Equating for Non-Verbal Section

Anchor Test One Anchor Test Two
Slzz:::s Levine Equating Mgzrlll-jiif;na Levine Equating Mgzrlll;sﬁif;na
First ~ Second  First  Second  First  Second  First  Second
Link Link Link Link Link Link Link Link
.00 2.19 40 .10 -2.25 -4.40 2.63 .10 -2.25
1.00 3.17 1.42 1.10 -1.20 -3.26 3.55 1.10 -1.20
2.00 4.16 2.44 2.10 -.15 -2.11 4.47 2.10 -.15
3.00 5.15 3.46 3.09 .90 -.97 5.40 3.09 .90
4.00 6.13 4.48 4.09 1.95 18 6.32 4.09 1.95
5.00 7.12 5.50 5.09 3.00 1.32 7.24 5.09 3.00
6.00 8.11 6.53 6.09 4.05 2.47 8.16 6.09 4.05
7.00 9.09 7.55 7.08 5.10 3.61 9.08 7.08 5.10
8.00 10.08 8.57 8.08 6.15 4.76 10.01 8.08 6.15
9.00 11.07 9.59 9.08 7.20 5.90 10.93 9.08 7.20
10.00 12.05 10.61 10.08 8.25 7.05 11.85 10.08 8.25
11.00 13.04 11.63 11.07 9.30 8.19 12.77 11.07 9.30
12.00 14.03 12.65 12.07 10.35 9.34 13.69 12.07 10.35
13.00 15.01 13.67 13.07 11.40 10.48 14.61 13.07 11.40
14.00 16.00 14.69 14.07 12.45 11.63 15.54 14.07 12.45
15.00 16.99 15.72 15.06 13.50 12.77 16.46 15.06 13.50
16.00 17.97 16.74 16.06 14.55 13.92 17.38 16.06 14.55
17.00 18.96 17.76 17.06 15.60 15.06 18.30 17.06 15.60
18.00 19.95 18.78 18.06 16.65 16.20 19.22 18.06 16.65
19.00 20.94 19.80 19.05 17.70 17.35 20.15 19.05 17.70
20.00 21.92 20.82 20.05 18.75 18.49 21.07 20.05 18.75
21.00 2291 21.84 21.05 19.80 19.64 21.99 21.05 19.80
22.00 23.90 22.86 22.05 20.85 20.78 2291 22.05 20.85
23.00 24.88 23.88 23.04 21.90 21.93 23.83 23.04 21.90
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24.00
25.00
26.00
27.00
28.00
29.00
30.00
31.00
32.00
33.00
34.00
35.00
36.00
37.00
38.00
39.00
40.00
41.00
42.00
43.00
44.00
45.00
46.00
47.00
48.00
49.00
50.00
51.00
52.00
53.00

25.87
26.86
27.84
28.83
29.82
30.80
31.79
32.78
33.76
34.75
35.74
36.72
37.71
38.70
39.68
40.67
41.66
42.65
43.63
44.62
45.61
46.59
47.58
48.57
49.55
50.54
51.53
52.51
53.50
54.49

2491
25.93
26.95
27.97
28.99
30.01
31.03
32.05
33.07
34.10
35.12
36.14
37.16
38.18
39.20
40.22
41.24
42.26
43.28
4431
45.33
46.35
47.37
48.39
4941
50.43
51.45
52.47
53.50
54.52

24.04
25.04
26.04
27.03
28.03
29.03
30.03
31.02
32.02
33.02
34.02
35.01
36.01
37.01
38.01
39.00
40.00
41.00
42.00
42.99
43.99
44.99
45.99
46.98
47.98
48.98
49.98
50.97
51.97
52.97

22.95
24.00
25.05
26.10
27.15
28.20
29.25
30.30
31.35
32.40
33.45
34.50
35.55
36.60
37.65
38.70
39.75
40.80
41.85
42.90
43.95
45.00
46.05
47.10
48.15
49.20
50.25
51.30
52.35
53.40

23.07
24.22
25.36
26.51
27.65
28.80
29.94
31.09
32.23
33.38
34.52
35.67
36.81
37.96
39.10
40.25
41.39
42.54
43.68
44.82
45.97
47.11
48.26
49.40
50.55
51.69
52.84
53.98
55.13
56.27

24.75
25.68
26.60
27.52
28.44
29.36
30.29
31.21
32.13
33.05
33.97
34.89
35.82
36.74
37.66
38.58
39.50
40.43
41.35
42.27
43.19
44.11
45.03
45.96
46.88
47.80
48.72
49.64
50.57
51.49

24.04
25.04
26.04
27.03
28.03
29.03
30.03
31.02
32.02
33.02
34.02
35.01
36.01
37.01
38.01
39.00
40.00
41.00
42.00
42.99
43.99
44.99
45.99
46.98
47.98
48.98
49.98
50.97
51.97
52.97

22.95
24.00
25.05
26.10
27.15
28.20
29.25
30.30
31.35
32.40
33.45
34.50
35.55
36.60
37.65
38.70
39.75
40.80
41.85
42.90
43.95
45.00
46.05
47.10
48.15
49.20
50.25
51.30
52.35
53.40
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Chinese Language: Levine Equating and Mean-Sigma Equating for the Verbal Section

Anchor Test One Anchor Test Two
Slzz:::s Levine Equating Mgzrlll-jiif;na Levine Equating Mgzrlll;sﬁif;na
First ~ Second  First  Second  First  Second  First  Second
Link Link Link Link Link Link Link Link
.00 -2.46 -6.15 -34.06  -334  -11.51 6.81 -34.06  -3.34
1.00 -1.43 -5.08  -32.60 -228  -10.33 7.70 -32.60  -2.28
2.00 -.40 -4.01 -31.14  -1.22 -9.16 8.60 -31.14  -1.22
3.00 .63 -2.94  -29.68 -.16 -7.98 9.49 -29.68 -.16
4.00 1.66 -1.87  -28.22 .90 -6.81 10.38  -28.22 .90
5.00 2.69 -.80 -26.76 1.96 -5.63 11.28  -26.76 1.96
6.00 3.73 28 -25.30 3.02 -4.45 12.17  -25.30 3.02
7.00 4.76 1.35 -23.84 4.08 -3.28 13.06 -23.84 4.08
8.00 5.79 242 -22.38 5.14 -2.10 13.96  -22.38 5.14
9.00 6.82 3.49 -20.92 6.20 -.93 14.85  -20.92 6.20
10.00 7.85 4.56 -19.46 7.26 25 15.74  -19.46 7.26
11.00 8.88 5.63 -18.00 8.32 1.43 16.64  -18.00 8.32
12.00 9.91 6.70 -16.54 9.38 2.60 17.53  -16.54 9.38
13.00 10.95 7.77 -15.08  10.44 3.78 18.42  -15.08 10.44
14.00 11.98 8.84 -13.62  11.50 4.95 19.32 -13.62 11.50
15.00 13.01 9.91 -12.16  12.56 6.13 2021 -12.16  12.56
16.00 14.04 1098  -10.70  13.62 7.31 21.10  -10.70  13.62
17.00 15.07 12.05 -9.24 14.68 8.48 22.00 -9.24 14.68
18.00 16.10 13.13 -7.78 15.74 9.66 22.89 -7.78 15.74
19.00 17.13 14.20 -6.32 16.80 10.83 23.78 -6.32 16.80
20.00 18.17 15.27 -4.86 17.86 12.01 24.68 -4.86 17.86
21.00 19.20 16.34 -3.40 18.92 13.19 25.57 -3.40 18.92
22.00 20.23 17.41 -1.94 19.98 14.36 26.46 -1.94 19.98
23.00 21.26 18.48 -48 21.04 15.54 27.36 -48 21.04
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24.00
25.00
26.00
27.00
28.00
29.00
30.00
31.00
32.00
33.00
34.00
35.00
36.00
37.00
38.00
39.00
40.00
41.00
42.00
43.00
44.00
45.00
46.00
47.00
48.00
49.00
50.00
51.00
52.00
53.00

22.29
23.32
24.36
25.39
26.42
27.45
28.48
29.51
30.54
31.58
32.61
33.64
34.67
35.70
36.73
37.77
38.80
39.83
40.86
41.89
42.92
43.95
44.99
46.02
47.05
48.08
49.11
50.14
51.18
52.21

19.55
20.62
21.69
22.76
23.83
24.90
25.98
27.05
28.12
29.19
30.26
31.33
32.40
33.47
34.54
35.61
36.68
37.75
38.83
39.90
40.97
42.04
43.11
44.18
45.25
46.32
47.39
48.46
49.53
50.60

.98
2.44
3.90
5.36
6.82
8.28
9.74
11.20
12.66
14.12
15.58
17.04
18.50
19.96

21.42
22.88
24.34
25.80
27.26
28.72
30.18
31.64
33.10
34.56
36.02
37.48
38.94
40.40
41.86
43.32

22.10
23.16
24.22
25.28
26.34
27.40
28.46
29.52
30.58
31.64
32.70
33.76
34.82
35.88
36.94
38.00
39.06
40.12
41.18
42.24
43.30
44.36
4542
46.48
47.54
48.60
49.66
50.72
51.78
52.84

16.71
17.89
19.07
20.24
21.42
22.59
23.77
24.95
26.12
27.30
28.48
29.65
30.83
32.00
33.18
34.36
35.53
36.71
37.88
39.06
40.24
41.41
42.59
43.76
44.94
46.12
47.29
48.47
49.64
50.82

28.25
29.14
30.04
30.93
31.82
32.72
33.61
34.50
35.40
36.29
37.18
38.08
38.97
39.86
40.76
41.65
42.54
43.44
44.33
45.22
46.12
47.01
47.90
48.80
49.69
50.58
51.48
52.37
53.26
54.16

.98
2.44
3.90
5.36
6.82
8.28
9.74
11.20
12.66
14.12
15.58
17.04
18.50
19.96

21.42
22.88
24.34
25.80
27.26
28.72
30.18
31.64
33.10
34.56
36.02
37.48
38.94
40.40
41.86
43.32

22.10
23.16
24.22
25.28
26.34
27.40
28.46
29.52
30.58
31.64
32.70
33.76
34.82
35.88
36.94
38.00
39.06
40.12
41.18
42.24
43.30
44.36
4542
46.48
47.54
48.60
49.66
50.72
51.78
52.84
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54.00
55.00
56.00
57.00
58.00
59.00
60.00
61.00
62.00
63.00
64.00
65.00
66.00
67.00
68.00
69.00
70.00
71.00
72.00
73.00
74.00
75.00
76.00
77.00
78.00
79.00
80.00
81.00
82.00
83.00

53.24
54.27
55.30
56.33
57.36
58.40
59.43
60.46
61.49
62.52
63.55
64.59
65.62
66.65
67.68
68.71
69.74
70.77
71.81
72.84
73.87
74.90
75.93
76.96
78.00
79.03
80.06
81.09
82.12
83.15

51.68
52.75
53.82
54.89
55.96
57.03
58.10
59.17
60.24
61.31
62.38
63.45
64.53
65.60
66.67
67.74
68.81
69.88
70.95
72.02
73.09
74.16
75.23
76.31
77.38
78.45
79.52
80.59
81.66
82.73

44.78
46.24
47.70
49.16
50.62
52.08
53.54
55.00
56.46
57.92
59.38
60.84
62.30
63.76
65.22
66.68
68.14
69.60
71.06
72.52
73.98
75.44
76.90
78.36
79.82
81.28
82.74
84.20
85.66
87.12

53.90
54.96
56.02
57.08
58.14
59.20
60.26
61.32
62.38
63.44
64.50
65.56
66.62
67.68
68.74
69.80
70.86
71.92
72.98
74.04
75.10
76.16
77.22
78.28
79.34
80.40
81.46
82.52
83.58
84.64

52.00
53.17
54.35
55.52
56.70
57.88
59.05
60.23
61.40
62.58
63.76
64.93
66.11
67.28
68.46
69.64
70.81
71.99
73.16
74.34
75.52
76.69
77.87
79.04
80.22
81.40
82.57
83.75
84.92
86.10

55.05
55.94
56.84
57.73
58.62
59.52
60.41
61.30
62.20
63.09
63.98
64.88
65.77
66.66
67.56
68.45
69.34
70.24
71.13
72.02
72.92
73.81
74.70
75.60
76.49
77.38
78.28
79.17
80.06
80.96

44.78
46.24
47.70
49.16
50.62
52.08
53.54
55.00
56.46
57.92
59.38
60.84
62.30
63.76
65.22
66.68
68.14
69.60
71.06
72.52
73.98
75.44
76.90
78.36
79.82
81.28
82.74
84.20
85.66
87.12

53.90
54.96
56.02
57.08
58.14
59.20
60.26
61.32
62.38
63.44
64.50
65.56
66.62
67.68
68.74
69.80
70.86
71.92
72.98
74.04
75.10
76.16
77.22
78.28
79.34
80.40
81.46
82.52
83.58
84.64
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84.00
85.00
86.00
87.00
88.00
89.00
90.00
91.00
92.00
93.00
94.00
95.00
96.00
97.00
98.00
99.00
100.00
101.00
102.00
103.00
104.00
105.00
106.00
107.00

84.18
85.22
86.25
87.28
88.31
89.34
90.37
91.41
92.44
93.47
94.50
95.53
96.56
97.59
98.63
99.66
100.69
101.72
102.75
103.78
104.82
105.85
106.88
107.91

83.80
84.87
85.94
87.01
88.08
89.16
90.23
91.30
92.37
93.44
94.51
95.58
96.65
97.72
98.79
99.86
100.93
102.01
103.08
104.15
105.22
106.29
107.36
108.43

88.58
90.04
91.50
92.96
94.42
95.88
97.34
98.80
100.26
101.72
103.18
104.64
106.10
107.56
109.02
110.48
111.94
113.40
114.86
116.32
117.78
119.24
120.70
122.16

85.70
86.76
87.82
88.88
89.94
91.00
92.06
93.12
94.18
95.24
96.30
97.36
98.42
99.48
100.54
101.60
102.66
103.72
104.78
105.84
106.90
107.96
109.02
110.08

87.28
88.45
89.63
90.80
91.98
93.16
94.33
95.51
96.68
97.86
99.04
100.21
101.39
102.56
103.74
104.92
106.09
107.27
108.44
109.62
110.80
111.97
113.15
114.33

81.85
82.74
83.64
84.53
85.42
86.32
87.21
88.10
89.00
89.89
90.78
91.67
92.57
93.46
94.35
95.25
96.14
97.03
97.93
98.82
99.71
100.61
101.51
102.41

88.58
90.04
91.50
92.96
94.42
95.88
97.34
98.80
100.26
101.72
103.18
104.64
106.10
107.56
109.02
110.48
111.94
113.40
114.86
116.32
117.78
119.24
120.70
122.16

85.70
86.76
87.82
88.88
89.94
91.00
92.06
93.12
94.18
95.24
96.30
97.36
98.42
99.48
100.54
101.60
102.66
103.72
104.78
105.84
106.90
107.96
109.02
110.08
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Chinese Language: Levine Equating and Mean-Sigma Equating for Non-Verbal Section

Anchor Test One

Mean-Sigma

Anchor Test Two

Mean-Sigma

Raw Levine Equating Equating Levine Equating Equating
Scores First ~ Second  First Second  First Second  First  Second
Link Link Link Link Link Link Link Link
.00 .65 -12.25 6.50 19.93 =27 -4.25 6.50 19.93
1.00 1.62 -10.97 7.61 20.59 74 -3.14 7.61 20.59
2.00 2.60 -9.68 8.72 21.25 1.76 -2.03 8.72 21.25
3.00 3.58 -8.39 9.83 21.91 2.77 -91 9.83 21.91
4.00 4.55 -7.11 10.94 22.57 3.78 .20 10.94 22.57
5.00 5.53 -5.82 12.05 23.23 4.80 1.31 12.05 23.23
6.00 6.50 -4.53 13.16 23.89 5.81 242 13.16 23.89
7.00 7.48 -3.25 14.27 24.55 6.82 3.53 14.27 24.55
8.00 8.46 -1.96 15.38 25.21 7.84 4.64 15.38 25.21
9.00 9.43 -.67 16.49 25.87 8.85 5.75 16.49 25.87
10.00 10.41 .61 17.60 26.53 9.86 6.87 17.60 26.53
11.00 11.38 1.90 18.71 27.19 10.88 7.98 18.71 27.19
12.00 12.36 3.19 19.82 27.85 11.89 9.09 19.82 27.85
13.00 13.34 4.47 20.93 28.51 12.91 10.20 20.93 28.51
14.00 14.31 5.76 22.04 29.17 13.92 11.31 22.04 29.17
15.00 15.29 7.05 23.15 29.83 14.93 12.42 23.15 29.83
16.00 16.26 8.33 24.26 30.49 15.95 13.53 24.26 30.49
17.00 17.24 9.62 25.37 31.15 16.96 14.65 25.37 31.15
18.00 18.22 10.91 26.48 31.81 17.97 15.76 26.48 31.81
19.00 19.19 12.19 27.59 32.47 18.99 16.87 27.59 32.47
20.00 20.17 13.48 28.70 33.13 20.00 17.98 28.70 33.13
21.00 21.14 14.77 29.81 33.79 21.01 19.09 29.81 33.79
22.00 22.12 16.06 30.92 34.45 22.03 20.20 30.92 34.45
23.00 23.10 17.34 32.03 35.11 23.04 21.31 32.03 35.11
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24.00
25.00
26.00
27.00
28.00
29.00
30.00
31.00
32.00
33.00
34.00
35.00
36.00
37.00
38.00
39.00
40.00
41.00
42.00
43.00
44.00
45.00
46.00
47.00
48.00
49.00
50.00
51.00
52.00
53.00

24.07
25.05
26.02
27.00
27.97
28.95
29.93
30.90
31.88
32.85
33.83
34.81
35.78
36.76
37.73
38.71
39.69
40.66
41.64
42.61
43.59
44.57
45.54
46.52
47.49
48.47
49.45
50.42
51.40
52.37

18.63
19.92
21.20
22.49
23.78
25.06
26.35
27.64
28.92
30.21
31.50
32.78
34.07
35.36
36.64
37.93
39.22
40.50
41.79
43.08
44.36
45.65
46.94
48.22
49.51
50.80
52.08
53.37
54.66
55.94

33.14
34.25
35.36
36.47
37.58
38.69
39.80
40.91
42.02
43.13
44.24
45.35
46.46
47.57
48.68
49.79
50.90
52.01
53.12
54.23
55.34
56.45
57.56
58.67
59.78
60.89
62.00
63.11
64.22
65.33

35.77
36.43
37.09
37.75
38.41
39.07
39.73
40.39
41.05
41.71
42.37
43.03
43.69
44.35
45.01
45.67
46.33
46.99
47.65
48.31
48.97
49.63
50.29
50.95
51.61
52.27
52.93
53.59
54.25
5491

24.05
25.07
26.08
27.09
28.11
29.12
30.13
31.15
32.16
33.17
34.19
35.20
36.21
37.23
38.24
39.25
40.27
41.28
42.30
43.31
44.32
45.34
46.35
47.36
48.38
49.39
50.40
51.42
52.43
53.44

22.43
23.54
24.65
25.76
26.87
27.98
29.09
30.21
31.32
32.43
33.54
34.65
35.76
36.87
37.99
39.10
40.21
41.32
42.43
43.54
44.65
45.77
46.88
47.99
49.10
50.21
51.32
52.43
53.54
54.66

33.14
34.25
35.36
36.47
37.58
38.69
39.80
40.91
42.02
43.13
44.24
45.35
46.46
47.57
48.68
49.79
50.90
52.01
53.12
54.23
55.34
56.45
57.56
58.67
59.78
60.89
62.00
63.11
64.22
65.33

35.77
36.43
37.09
37.75
38.41
39.07
39.73
40.39
41.05
41.71
42.37
43.03
43.69
44.35
45.01
45.67
46.33
46.99
47.65
48.31
48.97
49.63
50.29
50.95
51.61
52.27
52.93
53.59
54.25
5491
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APPENDIX H

Statistics for Double Linking Equating
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Table 46

Korean Language: Double Linking Results for the Verbal Section of Two Anchor Tests

Anchor Test One Anchor Test Two
Raw Scores First Chain Second Chain First Chain Second Chain

.00 -18.17 -8.23 11.09 -18.60
1.00 -16.86 -7.07 11.99 -17.34
2.00 -15.55 -5.91 12.89 -16.08
3.00 -14.24 -4.75 13.79 -14.82
4.00 -12.93 -3.59 14.69 -13.56
5.00 -11.62 -2.43 15.59 -12.30
6.00 -10.31 -1.27 16.49 -11.04
7.00 -9.00 -.11 17.39 -9.78
8.00 -7.69 1.05 18.29 -8.52
9.00 -6.38 2.21 19.19 -7.26
10.00 -5.07 3.37 20.09 -6.00
11.00 -3.76 4.53 20.99 -4.74
12.00 -2.45 5.69 21.89 -3.48
13.00 -1.14 6.85 22.79 -2.22
14.00 17 8.01 23.69 -.96
15.00 1.48 9.17 24.59 .30
16.00 2.79 10.33 25.49 1.56
17.00 4.10 11.49 26.39 2.82
18.00 5.41 12.65 27.29 4.08
19.00 6.72 13.81 28.19 5.34
20.00 8.03 14.97 29.09 6.60
21.00 9.34 16.13 29.99 7.86
22.00 10.65 17.29 30.89 9.12
23.00 11.96 18.45 31.79 10.38

24.00 13.27 19.61 32.69 11.64
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25.00
26.00
27.00
28.00
29.00
30.00
31.00
32.00
33.00
34.00
35.00
36.00
37.00
38.00
39.00
40.00
41.00
42.00
43.00
44.00
45.00
46.00
47.00
48.00
49.00
50.00
51.00
52.00
53.00
54.00

14.58
15.89
17.20
18.51
19.82
21.13
22.44
23.75
25.06
26.37
27.68
28.99
30.30
31.61
32.92
34.23
35.54
36.85
38.16
39.47
40.78
42.09
43.40
44.71
46.02
47.33
48.64
49.95
51.26
52.57

20.77
21.93
23.09
24.25
25.41
26.57
27.73
28.89
30.05
31.21
32.37
33.53
34.69
35.85
37.01
38.17
39.33
40.49
41.65
42.81
43.97
45.13
46.29
47.45
48.61
49.77
50.93
52.09
53.25
54.41

33.59
34.49
35.39
36.29
37.19
38.09
38.99
39.89
40.79
41.69
42.59
43.49
44.39
45.29
46.19
47.09
47.99
48.89
49.79
50.69
51.59
52.49
53.39
54.29
55.19
56.09
56.99
57.89
58.79
59.69

12.90
14.16
15.42
16.68
17.94
19.20
20.46
21.72
22.98
24.24
25.50
26.76
28.02
29.28
30.54
31.80
33.06
34.32
35.58
36.84
38.10
39.36
40.62
41.88
43.14
44.40
45.66
46.92
48.18
49.44
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55.00
56.00
57.00
58.00
59.00
60.00
61.00
62.00
63.00
64.00
65.00
66.00
67.00
68.00
69.00
70.00
71.00
72.00
73.00
74.00
75.00
76.00
77.00
78.00
79.00
80.00
81.00
82.00
83.00
84.00

53.88
55.19
56.50
57.81
59.12
60.43
61.74
63.05
64.36
65.67
66.98
68.29
69.60
70.91
72.22
73.53
74.84
76.15
77.46
78.77
80.08
81.39
82.70
84.01
85.32
86.63
87.94
89.25
90.56
91.87

55.57
56.73
57.89
59.05
60.21
61.37
62.53
63.69
64.85
66.01
67.17
68.33
69.49
70.65
71.81
72.97
74.13
75.29
76.45
77.61
78.77
79.93
81.09
82.25
83.41
84.57
85.73
86.89
88.05
89.21

60.59
61.49
62.39
63.29
64.19
65.09
65.99
66.89
67.79
68.69
69.59
70.49
71.39
72.29
73.19
74.09
74.99
75.89
76.79
77.69
78.59
79.49
80.39
81.29
82.19
83.09
83.99
84.89
85.79
86.69

50.70
51.96
53.22
54.48
55.74
57.00
58.26
59.52
60.78
62.04
63.30
64.56
65.82
67.08
68.34
69.60
70.86
72.12
73.38
74.64
75.90
77.16
78.42
79.68
80.94
82.20
83.46
84.72
85.98
87.24
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85.00
86.00
87.00
88.00
89.00
90.00
91.00
92.00
93.00
94.00
95.00
96.00
97.00
98.00
99.00
100.00
101.00
102.00
103.00
104.00
105.00
106.00
107.00

93.18

94.49

95.80

97.11

98.42

99.73

101.04
102.35
103.66
104.97
106.28
107.59
108.90
110.21
111.52
112.83
114.14
115.45
116.76
118.07
119.38
120.69
122.00

90.37
91.53
92.69
93.85
95.01
96.17
97.33
98.49
99.65
100.81
101.97
103.13
104.29
105.45
106.61
107.77
108.93
110.09
111.25
112.41
113.57
114.73
115.89

87.59
88.49
89.39
90.29
91.19
92.09
92.99
93.89
94.79
95.69
96.59
97.49
98.39
99.29
100.19
101.09
101.99
102.89
103.79
104.69
105.59
106.49
107.39

88.50
89.76
91.02
92.28
93.54
94.80
96.06
97.32
98.58
99.84
101.10
102.36
103.62
104.88
106.14
107.40
108.66
109.92
111.18
112.44
113.70
114.96
116.22
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Table 47

Korean Language: Double Linking Results for the Non-Verbal Section

Anchor Test One Anchor Test Two
Raw Scores First Chain Second Chain First Chain Second Chain

.00 -2.48 .02 1.27 -.46
1.00 -1.47 .93 2.19 45
2.00 -.46 1.84 3.11 1.36
3.00 .55 2.75 4.03 2.27
4.00 1.56 3.66 4.95 3.18
5.00 2.57 4.57 5.87 4.09
6.00 3.58 5.48 6.79 5.00
7.00 4.59 6.39 7.71 591
8.00 5.60 7.30 8.63 6.82
9.00 6.61 8.21 9.55 7.73
10.00 7.62 9.12 10.47 8.64
11.00 8.63 10.03 11.39 9.55
12.00 9.64 10.94 12.31 10.46
13.00 10.65 11.85 13.23 11.37
14.00 11.66 12.76 14.15 12.28
15.00 12.67 13.67 15.07 13.19
16.00 13.68 14.58 15.99 14.10
17.00 14.69 15.49 16.91 15.01
18.00 15.70 16.40 17.83 15.92
19.00 16.71 17.31 18.75 16.83
20.00 17.72 18.22 19.67 17.74
21.00 18.73 19.13 20.59 18.65
22.00 19.74 20.04 21.51 19.56
23.00 20.75 20.95 22.43 20.47

24.00 21.76 21.86 23.35 21.38
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25.00
26.00
27.00
28.00
29.00
30.00
31.00
32.00
33.00
34.00
35.00
36.00
37.00
38.00
39.00
40.00
41.00
42.00
43.00
44.00
45.00
46.00
47.00
48.00
49.00
50.00
51.00
52.00
53.00

22.77
23.78
24.79
25.80
26.81
27.82
28.83
29.84
30.85
31.86
32.87
33.88
34.89
35.90
36.91
37.92
38.93
39.94
40.95
41.96
42.97
43.98
44.99
46.00
47.01
48.02
49.03
50.04
51.05

22.77
23.68
24.59
25.50
26.41
27.32
28.23
29.14
30.05
30.96
31.87
32.78
33.69
34.60
35.51
36.42
37.33
38.24
39.15
40.06
40.97
41.88
42.79
43.70
44.61
45.52
46.43
47.34
48.25

24.27
25.19
26.11
27.03
27.95
28.87
29.79
30.71
31.63
32.55
33.47
34.39
35.31
36.23
37.15
38.07
38.99
39.91
40.83
41.75
42.67
43.59
44.51
45.43
46.35
47.27
48.19
49.11
50.03

22.29
23.20
24.11
25.02
25.93
26.84
27.75
28.66
29.57
30.48
31.39
32.30
33.21
34.12
35.03
35.94
36.85
37.76
38.67
39.58
40.49
41.40
4231
43.22
44.13
45.04
45.95
46.86
47.77
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Table 48

Spanish Language: Double Linking Results for the Verbal Section of Two Anchor Tests

Anchor Test One Anchor Test Two
Raw Scores First Chain Second Chain First Chain Second Chain

.00 -7.53 -10.40 -1.60 -4.93
1.00 -6.42 -9.26 -.57 -3.87
2.00 -5.31 -8.12 46 -2.81
3.00 -4.20 -6.98 1.49 -1.75
4.00 -3.09 -5.84 2.52 -.69
5.00 -1.98 -4.70 3.55 37
6.00 -.87 -3.56 4.58 1.43
7.00 24 -2.42 5.61 2.49
8.00 1.35 -1.28 6.64 3.55
9.00 2.46 -.14 7.67 4.61
10.00 3.57 1.00 8.70 5.67
11.00 4.68 2.14 9.73 6.73
12.00 5.79 3.28 10.76 7.79
13.00 6.90 4.42 11.79 8.85
14.00 8.01 5.56 12.82 9.91
15.00 9.12 6.70 13.85 10.97
16.00 10.23 7.84 14.88 12.03
17.00 11.34 8.98 15.91 13.09
18.00 12.45 10.12 16.94 14.15
19.00 13.56 11.26 17.97 15.21
20.00 14.67 12.40 19.00 16.27
21.00 15.78 13.54 20.03 17.33
22.00 16.89 14.68 21.06 18.39
23.00 18.00 15.82 22.09 19.45

24.00 19.11 16.96 23.12 20.51
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25.00
26.00
27.00
28.00
29.00
30.00
31.00
32.00
33.00
34.00
35.00
36.00
37.00
38.00
39.00
40.00
41.00
42.00
43.00
44.00
45.00
46.00
47.00
48.00
49.00
50.00
51.00
52.00
53.00
54.00

20.22
21.33
22.44
23.55
24.66
25.77
26.88
27.99
29.10
30.21
31.32
32.43
33.54
34.65
35.76
36.87
37.98
39.09
40.20
41.31
4242
43.53
44.64
45.75
46.86
47.97
49.08
50.19
51.30
52.41

18.10
19.24
20.38
21.52
22.66
23.80
24.94
26.08
27.22
28.36
29.50
30.64
31.78
32.92
34.06
35.20
36.34
37.48
38.62
39.76
40.90
42.04
43.18
44.32
45.46
46.60
47.74
48.88
50.02
51.16

24.15
25.18
26.21
27.24
28.27
29.30
30.33
31.36
32.39
33.42
34.45
35.48
36.51
37.54
38.57
39.60
40.63
41.66
42.69
43.72
44.75
45.78
46.81
47.84
48.87
49.90
50.93
51.96
52.99
54.02

21.57
22.63
23.69
24.75
25.81
26.87
27.93
28.99
30.05
31.11
32.17
33.23
34.29
35.35
36.41
37.47
38.53
39.59
40.65
41.71
42.77
43.83
44.89
45.95
47.01
48.07
49.13
50.19
51.25
52.31
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55.00
56.00
57.00
58.00
59.00
60.00
61.00
62.00
63.00
64.00
65.00
66.00
67.00
68.00
69.00
70.00
71.00
72.00
73.00
74.00
75.00
76.00
77.00
78.00
79.00
80.00
81.00
82.00
83.00
84.00

53.52
54.63
55.74
56.85
57.96
59.07
60.18
61.29
62.40
63.51
64.62
65.73
66.84
67.95
69.06
70.17
71.28
72.39
73.50
74.61
75.72
76.83
77.94
79.05
80.16
81.27
82.38
83.49
84.60
85.71

52.30
53.44
54.58
55.72
56.86
58.00
59.14
60.28
61.42
62.56
63.70
64.84
65.98
67.12
68.26
69.40
70.54
71.68
72.82
73.96
75.10
76.24
77.38
78.52
79.66
80.80
81.94
83.08
84.22
85.36

55.05
56.08
57.11
58.14
59.17
60.20
61.23
62.26
63.29
64.32
65.35
66.38
67.41
68.44
69.47
70.50
71.53
72.56
73.59
74.62
75.65
76.68
77.71
78.74
79.77
80.80
81.83
82.86
83.89
84.92

53.37
54.43
55.49
56.55
57.61
58.67
59.73
60.79
61.85
62.91
63.97
65.03
66.09
67.15
68.21
69.27
70.33
71.39
72.45
73.51
74.57
75.63
76.69
77.75
78.81
79.87
80.93
81.99
83.05
84.11
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85.00
86.00
87.00
88.00
89.00
90.00
91.00
92.00
93.00
94.00
95.00
96.00
97.00
98.00
99.00
100.00
101.00
102.00
103.00
104.00
105.00
106.00
107.00

86.82
87.93
89.04
90.15
91.26
92.37
93.48
94.59
95.70
96.81
97.92
99.03
100.14
101.25
102.36
103.47
104.58
105.69
106.80
107.91
109.02
110.13
111.24

86.50
87.64
88.78
89.92
91.06
92.20
93.34
94.48
95.62
96.76
97.90
99.04
100.18
101.32
102.46
103.60
104.74
105.88
107.02
108.16
109.30
110.44
111.58

85.95
86.98
88.01
89.04
90.07
91.10
92.13
93.16
94.19
95.22
96.25
97.28
98.31
99.34
100.37
101.40
102.43
103.46
104.49
105.52
106.55
107.58
108.61

85.17
86.23
87.29
88.35
89.41
90.47
91.53
92.59
93.65
94.71
95.77
96.83
97.89
98.95
100.01
101.07
102.13
103.19
104.25
105.31
106.37
107.43
108.49
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Table 49

Spanish Language: Double Linking Results for the Non-Verbal Section

Anchor Test One Anchor Test Two
Raw Scores First Chain Second Chain First Chain Second Chain

.00 2.29 -1.90 -4.30 .56
1.00 3.28 -.83 -3.15 1.53
2.00 4.27 24 -2.00 2.50
3.00 5.26 1.31 -.85 3.47
4.00 6.25 2.38 .30 4.44
5.00 7.24 3.45 1.45 541
6.00 8.23 4.52 2.60 6.38
7.00 9.22 5.59 3.75 7.35
8.00 10.21 6.66 4.90 8.32
9.00 11.20 7.73 6.05 9.29
10.00 12.19 8.80 7.20 10.26
11.00 13.18 9.87 8.35 11.23
12.00 14.17 10.94 9.50 12.20
13.00 15.16 12.01 10.65 13.17
14.00 16.15 13.08 11.80 14.14
15.00 17.14 14.15 12.95 15.11
16.00 18.13 15.22 14.10 16.08
17.00 19.12 16.29 15.25 17.05
18.00 20.11 17.36 16.40 18.02
19.00 21.10 18.43 17.55 18.99
20.00 22.09 19.50 18.70 19.96
21.00 23.08 20.57 19.85 20.93
22.00 24.07 21.64 21.00 21.90
23.00 25.06 22.71 22.15 22.87

24.00 26.05 23.78 23.30 23.84
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25.00
26.00
27.00
28.00
29.00
30.00
31.00
32.00
33.00
34.00
35.00
36.00
37.00
38.00
39.00
40.00
41.00
42.00
43.00
44.00
45.00
46.00
47.00
48.00
49.00
50.00
51.00
52.00
53.00

27.04
28.03
29.02
30.01
31.00
31.99
32.98
33.97
34.96
35.95
36.94
37.93
38.92
39.91
40.90
41.89
42.88
43.87
44.86
45.85
46.84
47.83
48.82
49.81
50.80
51.79
52.78
53.77
54.76

24.85
25.92
26.99
28.06
29.13
30.20
31.27
32.34
3341
34.48
35.55
36.62
37.69
38.76
39.83
40.90
41.97
43.04
44.11
45.18
46.25
47.32
48.39
49.46
50.53
51.60
52.67
53.74
54.81

24.45
25.60
26.75
27.90
29.05
30.20
31.35
32.50
33.65
34.80
35.95
37.10
38.25
39.40
40.55
41.70
42.85
44.00
45.15
46.30
47.45
48.60
49.75
50.90
52.05
53.20
54.35
55.50
56.65

24.81
25.78
26.75
27.72
28.69
29.66
30.63
31.60
32.57
33.54
34.51
35.48
36.45
37.42
38.39
39.36
40.33
41.30
42.27
43.24
44.21
45.18
46.15
47.12
48.09
49.06
50.03
51.00
51.97
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Table 50

Chinese Language: Double Linking Results for the Verbal Section of Two Anchor Tests

Anchor Test One Anchor Test Two
Raw Scores First Chain Second Chain First Chain Second Chain

.00 -37.65 -9.72 -50.86 3.84
1.00 -36.15 -8.59 -49.14 4.78
2.00 -34.65 -7.46 -47.42 5.72
3.00 -33.15 -6.33 -45.70 6.66
4.00 -31.65 -5.20 -43.98 7.60
5.00 -30.15 -4.07 -42.26 8.54
6.00 -28.65 -2.94 -40.54 9.48
7.00 -27.15 -1.81 -38.82 10.42
8.00 -25.65 -.68 -37.10 11.36
9.00 -24.15 45 -35.38 12.30
10.00 -22.65 1.58 -33.66 13.24
11.00 -21.15 2.71 -31.94 14.18
12.00 -19.65 3.84 -30.22 15.12
13.00 -18.15 4.97 -28.50 16.06
14.00 -16.65 6.10 -26.78 17.00
15.00 -15.15 7.23 -25.06 17.94
16.00 -13.65 8.36 -23.34 18.88
17.00 -12.15 9.49 -21.62 19.82
18.00 -10.65 10.62 -19.90 20.76
19.00 -9.15 11.75 -18.18 21.70
20.00 -7.65 12.88 -16.46 22.64
21.00 -6.15 14.01 -14.74 23.58
22.00 -4.65 15.14 -13.02 24.52
23.00 -3.15 16.27 -11.30 25.46

24.00 -1.65 17.40 -9.58 26.40
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25.00
26.00
27.00
28.00
29.00
30.00
31.00
32.00
33.00
34.00
35.00
36.00
37.00
38.00
39.00
40.00
41.00
42.00
43.00
44.00
45.00
46.00
47.00
48.00
49.00
50.00
51.00
52.00
53.00
54.00

-.15
1.35
2.85
4.35
5.85
7.35
8.85
10.35
11.85
13.35
14.85
16.35
17.85
19.35
20.85
22.35
23.85
25.35
26.85
28.35
29.85
31.35
32.85
34.35
35.85
37.35
38.85
40.35
41.85
43.35

18.53
19.66
20.79
21.92
23.05
24.18
25.31
26.44
27.57
28.70
29.83
30.96
32.09
33.22
34.35
35.48
36.61
37.74
38.87
40.00
41.13
42.26
43.39
44.52
45.65
46.78
4791
49.04
50.17
51.30

-7.86
-6.14
-4.42
-2.70
-.98
74
2.46
4.18
5.90
7.62
9.34
11.06
12.78
14.50
16.22
17.94
19.66
21.38
23.10
24.82
26.54
28.26
29.98
31.70
33.42
35.14
36.86
38.58
40.30
42.02

27.34
28.28
29.22
30.16
31.10
32.04
32.98
33.92
34.86
35.80
36.74
37.68
38.62
39.56
40.50
41.44
42.38
43.32
44.26
45.20
46.14
47.08
48.02
48.96
49.90
50.84
51.78
52.72
53.66
54.60
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55.00
56.00
57.00
58.00
59.00
60.00
61.00
62.00
63.00
64.00
65.00
66.00
67.00
68.00
69.00
70.00
71.00
72.00
73.00
74.00
75.00
76.00
77.00
78.00
79.00
80.00
81.00
82.00
83.00
84.00

44.85
46.35
47.85
49.35
50.85
52.35
53.85
55.35
56.85
58.35
59.85
61.35
62.85
64.35
65.85
67.35
68.85
70.35
71.85
73.35
74.85
76.35
77.85
79.35
80.85
82.35
83.85
85.35
86.85
88.35

52.43
53.56
54.69
55.82
56.95
58.08
59.21
60.34
61.47
62.60
63.73
64.86
65.99
67.12
68.25
69.38
70.51
71.64
72.77
73.90
75.03
76.16
77.29
78.42
79.55
80.68
81.81
82.94
84.07
85.20

43.74
45.46
47.18
48.90
50.62
52.34
54.06
55.78
57.50
59.22
60.94
62.66
64.38
66.10
67.82
69.54
71.26
72.98
74.70
76.42
78.14
79.86
81.58
83.30
85.02
86.74
88.46
90.18
91.90
93.62

55.54
56.48
57.42
58.36
59.30
60.24
61.18
62.12
63.06
64.00
64.94
65.88
66.82
67.76
68.70
69.64
70.58
71.52
72.46
73.40
74.34
75.28
76.22
77.16
78.10
79.04
79.98
80.92
81.86
82.80
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85.00
86.00
87.00
88.00
89.00
90.00
91.00
92.00
93.00
94.00
95.00
96.00
97.00
98.00
99.00
100.00
101.00
102.00
103.00
104.00
105.00
106.00
107.00

89.85
91.35
92.85
94.35
95.85
97.35
98.85
100.35
101.85
103.35
104.85
106.35
107.85
109.35
110.85
112.35
113.85
115.35
116.85
118.35
119.85
121.35
122.85

86.33
87.46
88.59
89.72
90.85
91.98
93.11
94.24
95.37
96.50
97.63
98.76
99.89
101.02
102.15
103.28
104.41
105.54
106.67
107.80
108.93
110.06
111.19

95.34

97.06

98.78

100.50
102.22
103.94
105.66
107.38
109.10
110.82
112.54
114.26
115.98
117.70
119.42
121.14
122.86
124.58
126.30
128.02
129.74
131.46
133.18

83.74
84.68
85.62
86.56
87.50
88.44
89.38
90.32
91.26
92.20
93.14
94.08
95.02
95.96
96.90
97.84
98.78
99.72
100.66
101.60
102.54
103.48
104.42
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Table 51

Chinese Language: Double Linking Results for the Non-Verbal Section

Anchor Test One Anchor Test Two
Raw Scores First Chain Second Chain First Chain Second Chain

.00 7.22 12.30 6.20 17.87
1.00 8.31 13.18 7.32 18.60
2.00 9.40 14.06 8.44 19.33
3.00 10.49 14.94 9.56 20.06
4.00 11.58 15.82 10.68 20.79
5.00 12.67 16.70 11.80 21.52
6.00 13.76 17.58 12.92 22.25
7.00 14.85 18.46 14.04 22.98
8.00 15.94 19.34 15.16 23.71
9.00 17.03 20.22 16.28 24.44
10.00 18.12 21.10 17.40 25.17
11.00 19.21 21.98 18.52 25.90
12.00 20.30 22.86 19.64 26.63
13.00 21.39 23.74 20.76 27.36
14.00 22.48 24.62 21.88 28.09
15.00 23.57 25.50 23.00 28.82
16.00 24.66 26.38 24.12 29.55
17.00 25.75 27.26 25.24 30.28
18.00 26.84 28.14 26.36 31.01
19.00 27.93 29.02 27.48 31.74
20.00 29.02 29.90 28.60 32.47
21.00 30.11 30.78 29.72 33.20
22.00 31.20 31.66 30.84 33.93
23.00 32.29 32.54 31.96 34.66

24.00 33.38 33.42 33.08 35.39
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25.00
26.00
27.00
28.00
29.00
30.00
31.00
32.00
33.00
34.00
35.00
36.00
37.00
38.00
39.00
40.00
41.00
42.00
43.00
44.00
45.00
46.00
47.00
48.00
49.00
50.00
51.00
52.00
53.00

34.47
35.56
36.65
37.74
38.83
39.92
41.01
42.10
43.19
44.28
45.37
46.46
47.55
48.64
49.73
50.82
51.91
53.00
54.09
55.18
56.27
57.36
58.45
59.54
60.63
61.72
62.81
63.90
64.99

34.30
35.18
36.06
36.94
37.82
38.70
39.58
40.46
41.34
42.22
43.10
43.98
44.86
45.74
46.62
47.50
48.38
49.26
50.14
51.02
51.90
52.78
53.66
54.54
55.42
56.30
57.18
58.06
58.94

34.20
35.32
36.44
37.56
38.68
39.80
40.92
42.04
43.16
44.28
45.40
46.52
47.64
48.76
49.88
51.00
52.12
53.24
54.36
55.48
56.60
57.72
58.84
59.96
61.08
62.20
63.32
64.44
65.56

36.12
36.85
37.58
38.31
39.04
39.77
40.50
41.23
41.96
42.69
43.42
44.15
44.88
45.61
46.34
47.07
47.80
48.53
49.26
49.99
50.72
51.45
52.18
5291
53.64
54.37
55.10
55.83
56.56
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APPENDIX I

Differences between the Two Functions

for Two Anchor Tests
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Table 52
All Language Group: Differences between the Two Functions for the Verbal Section of

Two Anchor Tests

Korean Language Spanish Language Chinese Language

Anchor Anchor Anchor Anchor Anchor Anchor
Raw Score

One Two One Two One Two

.00 -9.94 29.69 2.87 3.33 -27.93 -54.70
1.00 -9.79 29.33 2.84 3.30 -27.56 -53.92
2.00 -9.64 28.97 2.81 3.27 -27.19 -53.14
3.00 -9.49 28.61 2.78 3.24 -26.82 -52.36
4.00 -9.34 28.25 2.75 3.21 -26.45 -51.58
5.00 -9.19 27.89 2.72 3.18 -26.08 -50.80
6.00 -9.04 27.53 2.69 3.15 -25.71 -50.02
7.00 -8.89 27.17 2.66 3.12 -25.34 -49.24
8.00 -8.74 26.81 2.63 3.09 -24.97 -48.46
9.00 -8.59 26.45 2.60 3.06 -24.60 -47.68
10.00 -8.44 26.09 2.57 3.03 -24.23 -46.90
11.00 -8.29 25.73 2.54 3.00 -23.86 -46.12
12.00 -8.14 25.37 2.51 2.97 -23.49 -45.34
13.00 -7.99 25.01 2.48 2.94 -23.12 -44.56
14.00 -7.84 24.65 245 291 -22.75 -43.78
15.00 -7.69 24.29 2.42 2.88 -22.38 -43.00
16.00 -7.54 23.93 2.39 2.85 -22.01 -42.22
17.00 -7.39 23.57 2.36 2.82 -21.64 -41.44
18.00 -7.24 23.21 2.33 2.79 -21.27 -40.66
19.00 -7.09 22.85 2.30 2.76 -20.90 -39.88
20.00 -6.94 22.49 2.27 2.73 -20.53 -39.10
21.00 -6.79 22.13 2.24 2.70 -20.16 -38.32

22.00 -6.64 21.77 2.21 2.67 -19.79 -37.54
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23.00
24.00
25.00
26.00
27.00
28.00
29.00
30.00
31.00
32.00
33.00
34.00
35.00
36.00
37.00
38.00
39.00
40.00
41.00
42.00
43.00
44.00
45.00
46.00
47.00
48.00
49.00
50.00
51.00
52.00

-6.49
-6.34
-6.19
-6.04
-5.89
-5.74
-5.59
-5.44
-5.29
-5.14
-4.99
4.84
-4.69
454
-4.39
424
-4.09
-3.94
-3.79
-3.64
-3.49
-3.34
-3.19
-3.04
-2.89
2.74
-2.59
.44
229
2.14

21.41
21.05
20.69
20.33
19.97
19.61
19.25
18.89
18.53
18.17
17.81
17.45
17.09
16.73
16.37
16.01
15.65
15.29
14.93
14.57
14.21
13.85
13.49
13.13
12.77
12.41
12.05
11.69
11.33
10.97

2.18
2.15
2.12
2.09
2.06
2.03
2.00
1.97
1.94
1.91
1.88
1.85
1.82
1.79
1.76
1.73
1.70
1.67
1.64
1.61
1.58
1.55
1.52
1.49
1.46
1.43
1.40
1.37
1.34
1.31

2.64
2.61
2.58
2.55
2.52
2.49
2.46
243
2.40
2.37
2.34
231
2.28
2.25
2.22
2.19
2.16
2.13
2.10
2.07
2.04
2.01
1.98
1.95
1.92
1.89
1.86
1.83
1.80
1.77

-19.42
-19.05
-18.68
-18.31
-17.94
-17.57
-17.20
-16.83
-16.46
-16.09
-15.72
-15.35
-14.98
-14.61
-14.24
-13.87
-13.50
-13.13
-12.76
-12.39
-12.02
-11.65
-11.28
-10.91
-10.54
-10.17

-9.80

-9.43

-9.06

-8.69

-36.76
-35.98
-35.20
-34.42
-33.64
-32.86
-32.08
-31.30
-30.52
-29.74
-28.96
-28.18
-27.40
-26.62
-25.84
-25.06
2428
-23.50
22.72
-21.94
21.16
-20.38
-19.60
-18.82
-18.04
-17.26
-16.48
-15.70
-14.92
-14.14




288

53.00
54.00
55.00
56.00
57.00
58.00
59.00
60.00
61.00
62.00
63.00
64.00
65.00
66.00
67.00
68.00
69.00
70.00
71.00
72.00
73.00
74.00
75.00
76.00
77.00
78.00
79.00
80.00
81.00
82.00

-1.99
-1.84
-1.69
-1.54
-1.39
-1.24
-1.09
-.94
-79
-.64
-.49
-.34
-.19
-.04
A1
.26
41
.56
1
.86
1.01
1.16
1.31
1.46
1.61
1.76
1.91
2.06
2.21
2.36

10.61
10.25
9.89
9.53
9.17
8.81
8.45
8.09
7.73
7.37
7.01
6.65
6.29
5.93
5.57
5.21
4.85
4.49
4.13
3.77
3.41
3.05
2.69
2.33
1.97
1.61
1.25
.89
53
17

1.28
1.25
1.22
1.19
1.16
1.13
1.10
1.07
1.04
1.01
.98
95
92
.89
.86
.83
.80
17
74
1
.68
.65
.62
.59
.56
.53
.50
47
44
41

1.74
1.71
1.68
1.65
1.62
1.59
1.56
1.53
1.50
1.47
1.44
1.41
1.38
1.35
1.32
1.29
1.26
1.23
1.20
1.17
1.14
1.11
1.08
1.05
1.02

.99

.96

93

.90

.87

-8.32
-7.95
-7.58
-7.21
-6.84
-6.47
-6.10
-5.73
-5.36
-4.99
-4.62
-4.25
-3.88
-3.51
-3.14
-2.77
-2.40
-2.03
-1.66
-1.29
-.92
-.55
-.18
.19
.56
.93
1.30
1.67
2.04
2.41

-13.36
-12.58
-11.80
-11.02
-10.24
-9.46
-8.68
-7.90
-7.12
-6.34
-5.56
-4.78
-4.00
-3.22
-2.44
-1.66
-.88
-.10
.68
1.46
2.24
3.02
3.80
4.58
5.36
6.14
6.92
7.70
8.48
9.26
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83.00
84.00
85.00
86.00
87.00
88.00
89.00
90.00
91.00
92.00
93.00
94.00
95.00
96.00
97.00
98.00
99.00
100.00
101.00
102.00
103.00
104.00
105.00
106.00
107.00

2.51
2.66
2.81
2.96
3.11
3.26
3.41
3.56
3.71
3.86
4.01
4.16
431
4.46
4.61
4.76
4.91
5.06
5.21
5.36
5.51
5.66
5.81
5.96
6.11

-.19

-.55

-91
-1.27
-1.63
-1.99
-2.35
-2.71
-3.07
-3.43
-3.79
-4.15
-4.51
-4.87
-5.23
-5.59
-5.95
-6.31
-6.67
-7.03
-7.39
-7.75
-8.11
-8.47
-8.83

38
35
32
29
26
23
.20
A7

A1

.08

.05

.02
-.01
-.04
-.07
-.10
-.13
-.16
-.19
-22
-.25
-.28
-31
-.34

.84
81
78
75
T2
.69
.66
.63
.60
57
54
Sl
48
45
42
.39
.36
33
.30
27
24
21
18
15
A2

2.78
3.15
3.52
3.89
4.26
4.63
5.00
5.37
5.74
6.11
6.48
6.85
7.22
7.59
7.96
8.33
8.70
9.07
9.44
9.81
10.18
10.55
10.92
11.29
11.66

10.04
10.82
11.60
12.38
13.16
13.94
14.72
15.50
16.28
17.06
17.84
18.62
19.40
20.18
20.96
21.74
22.52
23.30
24.08
24.86
25.64
26.42
27.20
27.98
28.76
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Table 53

All Language Group: Differences between the Two Functions for the Non-Verbal Section

Korean Language Spanish Language Chinese Language
Raw Anchor Anchor Anchor Anchor Anchor Anchor
Scores One Two One Two One Two
.00 -2.50 1.73 4.19 -4.86 -5.08 -11.67
1.00 -2.40 1.74 4.11 -4.68 -4.87 -11.28
2.00 -2.30 1.75 4.03 -4.50 -4.66 -10.89
3.00 -2.20 1.76 3.95 -4.32 -4.45 -10.50
4.00 -2.10 1.77 3.87 -4.14 -4.24 -10.11
5.00 -2.00 1.78 3.79 -3.96 -4.03 -9.72
6.00 -1.90 1.79 3.71 -3.78 -3.82 -9.33
7.00 -1.80 1.80 3.63 -3.60 -3.61 -8.94
8.00 -1.70 1.81 3.55 -3.42 -3.40 -8.55
9.00 -1.60 1.82 3.47 -3.24 -3.19 -8.16
10.00 -1.50 1.83 3.39 -3.06 -2.98 -7.77
11.00 -1.40 1.84 3.31 -2.88 -2.77 -7.38
12.00 -1.30 1.85 3.23 -2.70 -2.56 -6.99
13.00 -1.20 1.86 3.15 -2.52 -2.35 -6.60
14.00 -1.10 1.87 3.07 -2.34 -2.14 -6.21
15.00 -1.00 1.88 2.99 -2.16 -1.93 -5.82
16.00 -.90 1.89 291 -1.98 -1.72 -5.43
17.00 -.80 1.90 2.83 -1.80 -1.51 -5.04
18.00 -.70 1.91 2.75 -1.62 -1.30 -4.65
19.00 -.60 1.92 2.67 -1.44 -1.09 -4.26
20.00 -.50 1.93 2.59 -1.26 -.88 -3.87
21.00 -.40 1.94 2.51 -1.08 -.67 -3.48
22.00 -.30 1.95 243 -.90 -.46 -3.09
23.00 -.20 1.96 2.35 -72 -.25 -2.70

24.00 -.10 1.97 2.27 -.54 -.04 -2.31




291

25.00
26.00
27.00
28.00
29.00
30.00
31.00
32.00
33.00
34.00
35.00
36.00
37.00
38.00
39.00
40.00
41.00
42.00
43.00
44.00
45.00
46.00
47.00
48.00
49.00
50.00
51.00
52.00
53.00

.00
.10
20
.30
40
.50
.60
.70
.80
.90
1.00
1.10
1.20
1.30
1.40
1.50
1.60
1.70
1.80
1.90
2.00
2.10
2.20
2.30
2.40
2.50
2.60
2.70
2.80

1.98
1.99
2.00
2.01
2.02
2.03
2.04
2.05
2.06
2.07
2.08
2.09
2.10
2.11
2.12
2.13
2.14
2.15
2.16
2.17
2.18
2.19
2.20
2.21
2.22
2.23
2.24
2.25
2.26

2.19
2.11
2.03
1.95
1.87
1.79
1.71
1.63
1.55
1.47
1.39
1.31
1.23
1.15
1.07
.99
91
.83
75
.67
.59
51
43
35
27
19
A1
.03
-.05

-.36
-.18

.00

18

.36

54

T2

.90
1.08
1.26
1.44
1.62
1.80
1.98
2.16
2.34
2.52
2.70
2.88
3.06
3.24
3.42
3.60
3.78
3.96
4.14
4.32
4.50
4.68

17
.38
.59
.80
1.01
1.22
1.43
1.64
1.85
2.06
2.27
248
2.69
2.90
3.11
3.32
3.53
3.74
3.95
4.16
4.37
4.58
4.79
5.00
5.21
542
5.63
5.84
6.05

-1.92
-1.53
-1.14
=75
-.36
.03
42
81
1.20
1.59
1.98
2.37
2.76
3.15
3.54
3.93
4.32
4.71
5.10
5.49
5.88
6.27
6.66
7.05
7.44
7.83
8.22
8.61
9.00
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APPENDIX J

Graphs for Double Linking
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Figure 69

Korean Language: Equating Functions of Two Equating Chains for the Verbal Section of

Anchor Test One
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Figure 70

Korean Language: the Differences between the Two Functions for Anchor Test One
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Figure 71
Korean Language: Equating Functions of the Two Equating Chains for the Verbal

Section of Anchor Test Two
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Korean Language: the Differences between the Two Functions for Anchor Test Two
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Figure 73

Korean Language: Equating Functions of the Two Equating Chains for the Non-Verbal

Section of Anchor Test One
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Korean Language: the Differences between the Two Functions for Anchor Test One
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Korean Language: Equating Functions of the Two Equating Chains for the Non-Verbal

Section of Anchor Test Two
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Korean Language: the Differences between the Two Functions for Anchor Test Two
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Figure 77

Spanish Language: Equating Functions of the Two Equating Chains for the Verbal

Section of Anchor Test One
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Figure 78

Spanish Language: the Differences between Two Functions for Anchor Test One
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Figure 79
Spanish Language: Equating Functions of the Two Equating Chains for the Verbal

Section of Anchor Test Two
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Figure 80

Spanish Language: the Differences between the Two Functions for Anchor Test Two
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Spanish Language: Equating Functions of the Two Equating Chains for the Non-Verbal

Section of Anchor Test One
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Figure 82

Spanish Language: the Differences between the Two Functions for Anchor Test One
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Spanish Language: Equating Functions of the Two Equating Chains for the Non-Verbal

Section of Anchor Test Two
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Spanish Language: the Differences between the Two Functions for Anchor Test Two
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Figure 85
Chinese Language: Equating Functions of the Two Equating Chains for the Verbal

Section of Anchor Test One
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Figure 86

Chinese Language: the Differences between the Two Functions for Anchor Test One
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Figure 87
Chinese Language: Equating Functions of the Two Equating Chains for the Verbal

Section of Anchor Test Two
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Figure 88

Chinese Language: the Differences between the Two Functions for Anchor Test Two
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Chinese Language: Equating Functions of the Two Equating Chains for the Non-Verbal

Section of Anchor Test One

60
50
-
-I
-
-I
40 -
-
-I
-I
-I

30 - g="
7] -
C --
S o
-2 -
S5 20 A "
[T =
o i
.% " RAW_SC
S 10 A =" XYZ2
o ="
w -~
o " = RAW_SC

0 10 20 30 40 50 60
Raw Scores
Figure 90

Chinese Language: the Differences between the Two Functions for Anchor Test One
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Figure 91

Chinese Language: Equating Functions of Two Equating Chains for Non-Verbal of

Anchor Test Two
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Chinese Language: Differences between the above Two Functions
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APPENDIX K

Statistics for Standard Errors of Equating



Table 54

Korean Language: SEE for the Verbal Section of Two Anchor Tests
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Anchor Test One Anchor Test Two
Raw First Second Average First Second Average
Scores Chain Chain SEE Chain Chain SEE
.00 7.90 16.08 11.99 11.93 13.95 12.94
1.00 7.80 15.88 11.84 11.78 13.78 12.78
2.00 7.70 15.67 11.69 11.63 13.61 12.62
3.00 7.60 15.47 11.54 11.48 13.43 12.45
4.00 7.50 15.27 11.39 11.32 13.26 12.29
5.00 7.40 15.07 11.23 11.17 13.08 12.13
6.00 7.30 14.87 11.08 11.02 12.91 11.97
7.00 7.20 14.66 10.93 10.87 12.74 11.80
8.00 7.10 14.46 10.78 10.72 12.56 11.64
9.00 7.00 14.26 10.63 10.57 12.39 11.48
10.00 6.90 14.06 10.48 10.42 12.21 11.31
11.00 6.81 13.86 10.33 10.26 12.04 11.15
12.00 6.71 13.66 10.18 10.11 11.87 10.99
13.00 6.61 13.46 10.03 9.96 11.69 10.83
14.00 6.51 13.26 9.88 9.81 11.52 10.67
15.00 6.41 13.05 9.73 9.66 11.35 10.50
16.00 6.31 12.85 9.58 9.51 11.18 10.34
17.00 6.21 12.65 9.43 9.36 11.00 10.18
18.00 6.11 12.45 9.28 9.21 10.83 10.02
19.00 6.01 12.25 9.13 9.06 10.66 9.86
20.00 591 12.05 8.98 8.91 10.49 9.70
21.00 5.81 11.85 8.83 8.75 10.31 9.53
22.00 5.71 11.65 8.68 8.60 10.14 9.37
23.00 5.61 11.45 8.53 8.45 9.97 9.21
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24.00
25.00
26.00
27.00
28.00
29.00
30.00
31.00
32.00
33.00
34.00
35.00
36.00
37.00
38.00
39.00
40.00
41.00
42.00
43.00
44.00
45.00
46.00
47.00
48.00
49.00
50.00
51.00
52.00
53.00

5.52
5.42
5.32
5.22
5.12
5.02
4.92
4.82
4.73
4.63
4.53
4.43
433
423
4.14
4.04
3.94
3.84
3.75
3.65
3.55
3.45
3.36
3.26
3.16
3.07
2.97
2.88
2.78
2.69

11.25
11.05
10.85
10.65
10.45
10.25
10.06
9.86
9.66
9.46
9.26
9.07
8.87
8.67
8.48
8.28
8.08
7.89
7.69
7.50
7.31
7.11
6.92
6.73
6.54
6.35
6.16
5.97
5.78
5.60

8.38
8.23
8.08
7.94
7.79
7.64
7.49
7.34
7.19
7.04
6.90
6.75
6.60
6.45
6.31
6.16
6.01
5.87
5.72
5.57
543
5.28
5.14
4.99
4.85
4.71
4.57
4.42
4.28
4.14

8.30
8.15
8.00
7.85
7.70
7.55
7.40
7.25
7.10
6.95
6.80
6.65
6.51
6.36
6.21
6.06
5.91
5.76
5.62
5.47
5.32
5.17
5.03
4.88
4.73
4.59
4.44
4.30
4.16
4.01

9.80
9.63
9.45
9.28
9.11
8.94
8.77
8.60
8.43
8.26
8.09
7.92
7.76
7.59
7.42
7.25
7.09
6.92
6.75
6.59
6.42
6.26
6.10
5.93
5.77
5.61
5.45
5.29
5.14
4.98

9.05
8.89
8.73
8.57
8.41
8.25
8.09
7.93
7.77
7.61
7.45
7.29
7.13
6.97
6.81
6.66
6.50
6.34
6.18
6.03
5.87
5.72
5.56
541
5.25
5.10
4.95
4.80
4.65
4.50
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54.00
55.00
56.00
57.00
58.00
59.00
60.00
61.00
62.00
63.00
64.00
65.00
66.00
67.00
68.00
69.00
70.00
71.00
72.00
73.00
74.00
75.00
76.00
77.00
78.00
79.00
80.00
81.00
82.00
83.00

2.59
2.50
2.41
231
2.22
2.13
2.04
1.95
1.86
1.77
1.69
1.60
1.52
1.44
1.37
1.29
1.22
1.16
1.10
1.04
1.00
.96
.93
91
.90
91
.92
.94
98
1.02

5.41
5.23
5.05
4.87
4.69
4.51
434
4.17
4.00
3.83
3.67
3.52
3.37
3.22
3.08
2.95
2.82
2.71
2.61
2.51
2.43
2.37
2.32
2.29
2.27
2.28
2.30
2.35
2.41
2.49

4.00
3.86
3.73
3.59
3.45
3.32
3.19
3.06
2.93
2.80
2.68
2.56
2.44
2.33
2.22
2.12
2.02
1.93
1.85
1.78
1.72
1.66
1.62
1.60
1.59
1.59
1.61
1.65
1.69
1.75

3.87
3.73
3.59
3.45
3.31
3.17
3.03
2.90
2.77
2.64
2.51
2.38
2.26
2.14
2.02
1.91
1.80
1.71
1.62
1.54
1.47
1.42
1.38
1.36
1.36
1.38
1.42
1.47
1.54
1.62

4.82
4.67
4.52
4.37
4.22
4.08
3.94
3.80
3.66
3.53
3.40
3.28
3.16
3.05
2.94
2.84
2.75
2.66
2.59
2.53
247
243
241
2.39
2.39
2.40
242
2.46
2.50
2.56

4.35
4.20
4.05
3.91
3.77
3.63
3.49
3.35
3.21
3.08
2.95
2.83
2.71
2.59
2.48
2.37
2.28
2.19
2.10
2.03
1.97
1.93
1.89
1.88
1.87
1.89
1.92
1.96
2.02
2.09
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84.00
85.00
86.00
87.00
88.00
89.00
90.00
91.00
92.00
93.00
94.00
95.00
96.00
97.00
98.00
99.00
100.00
101.00
102.00
103.00
104.00
105.00
106.00
107.00

1.07
1.13
1.19
1.26
1.33
1.41
1.49
1.57
1.65
1.73
1.82
1.91
2.00
2.09
2.18
2.27
2.36
2.46
2.55
2.64
2.74
2.83
2.93
3.02

2.58
2.68
2.80
2.93
3.06
3.21
3.35
3.51
3.67
3.83
4.00
4.17
4.34
4.52
4.70
4.88
5.06
5.24
543
5.61
5.80
5.99
6.18
6.37

1.83
1.91
2.00
2.09
2.20
231
2.42
2.54
2.66
2.78
2.91
3.04
3.17
3.30
3.44
3.57
3.71
3.85
3.99
4.13
4.27
4.41
4.55
4.70

1.71
1.81
1.92
2.03
2.14
2.26
2.39
2.52
2.64
2.78
291
3.04
3.18
3.32
3.46
3.60
3.74
3.88
4.02
4.17
431
4.46
4.60
4.75

2.63
2.71
2.80
2.90
3.00
3.11
3.22
3.35
3.47
3.60
3.74
3.87
4.01
4.16
4.30
4.45
4.60
4.76
491
5.06
5.22
5.38
5.54
5.70

2.17
2.26
2.36
2.46
2.57
2.69
2.81
2.93
3.06
3.19
3.32
3.46
3.60
3.74
3.88
4.03
4.17
4.32
4.47
4.62
4.77
4.92
5.07
5.22
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Table 55

Korean Language: SEE for the Non-Verbal Section of Two Anchor Tests

Anchor Test One Anchor Test Two

Raw First Second Average First Second Average
Scores Chain Chain SEE Chain Chain SEE
.00 3.94 5.33 4.64 3.92 6.07 4.99
1.00 3.84 5.19 4.51 3.82 5.90 4.86
2.00 3.73 5.04 4.39 3.71 5.73 4.72
3.00 3.63 4.90 4.26 3.61 5.57 4.59
4.00 3.53 4.75 4.14 3.50 5.40 4.45
5.00 3.42 4.61 4.02 3.40 5.23 4.32
6.00 3.32 4.47 3.89 3.29 5.07 4.18
7.00 3.21 4.32 3.77 3.19 4.90 4.05
8.00 3.11 4.18 3.65 3.08 4.74 3.91
9.00 3.01 4.04 3.52 2.98 4.58 3.78
10.00 291 3.90 3.40 2.88 4.41 3.64
11.00 2.81 3.76 3.28 2.77 4.25 3.51
12.00 2.70 3.62 3.16 2.67 4.09 3.38
13.00 2.60 3.48 3.04 2.57 3.93 3.25
14.00 2.50 3.34 2.92 247 3.77 3.12
15.00 2.40 3.20 2.80 2.37 3.61 2.99
16.00 2.31 3.07 2.69 2.27 3.45 2.86
17.00 2.21 2.93 2.57 2.17 3.30 2.73
18.00 2.11 2.80 2.46 2.07 3.14 2.61
19.00 2.02 2.67 2.34 1.98 2.99 2.48
20.00 1.92 2.54 2.23 1.88 2.84 2.36
21.00 1.83 2.41 2.12 1.79 2.70 2.24
22.00 1.74 2.29 2.02 1.70 2.55 2.12

23.00 1.65 2.17 1.91 1.61 241 2.01
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24.00
25.00
26.00
27.00
28.00
29.00
30.00
31.00
32.00
33.00
34.00
35.00
36.00
37.00
38.00
39.00
40.00
41.00
42.00
43.00
44.00
45.00
46.00
47.00
48.00
49.00
50.00
51.00
52.00
53.00

1.57
1.49
1.41
1.33
1.26
1.19
1.13
1.08
1.03
.99
95
.93
.92
.93
.94
97
1.02
1.07
1.13
1.20
1.27
1.35
1.44
1.53
1.62
1.71
1.80
1.90
2.00
2.09

2.05
1.94
1.84
1.74
1.65
1.57
1.50
1.44
1.40
1.38
1.37
1.38
1.40
1.44
1.49
1.56
1.63
1.72
1.81
1.91
2.02
2.13
2.25
2.37
249
2.62
2.75
2.88
3.01
3.14

1.81
1.71
1.62
1.53
1.45
1.38
1.31
1.26
1.21
1.18
1.16
1.15
1.16
1.18
1.22
1.27
1.32
1.39
1.47
1.56
1.65
1.74
1.84
1.95
2.05
2.16
2.27
2.39
2.50
2.62

1.52
1.44
1.35
1.28
1.20
1.13
1.07
1.01
.96
92
.89
.87
.87
.88
.90
.94
.99
1.05
1.12
1.19
1.27
1.36
1.45
1.54
1.63
1.73
1.82
1.92
2.02
2.12

2.28
2.15
2.02
1.91
1.80
1.70
1.62
1.56
1.51
1.48
1.48
1.49
1.52
1.57
1.64
1.72
1.81
1.92
2.03
2.15
227
241
2.54
2.68
2.83
297
3.12
3.28
3.43
3.58

1.90
1.79
1.69
1.59
1.50
1.42
1.35
1.29
1.24
1.20
1.18
1.18
1.19
1.22
1.27
1.33
1.40
1.48
1.57
1.67
1.77
1.88
1.99
2.11
2.23
2.35
2.47
2.60
2.73
2.85
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Table 56

Spanish Language: SEE for the Verbal Section of Two Anchor Tests

Anchor Test One Anchor Test Two

Raw First Second Average First Second Average
Scores Chain Chain SEE Chain Chain SEE
.00 7.55 11.63 9.59 8.47 12.97 10.72
1.00 7.45 11.48 9.46 8.36 12.80 10.58
2.00 7.35 11.32 9.34 8.25 12.63 10.44
3.00 7.25 11.17 9.21 8.13 12.45 10.29
4.00 7.15 11.01 9.08 8.02 12.28 10.15
5.00 7.06 10.85 8.95 7.91 12.11 10.01
6.00 6.96 10.70 8.83 7.80 11.94 9.87
7.00 6.86 10.54 8.70 7.69 11.77 9.73
8.00 6.76 10.39 8.57 7.57 11.60 9.59
9.00 6.66 10.23 8.45 7.46 11.43 9.44
10.00 6.57 10.08 8.32 7.35 11.26 9.30
11.00 6.47 9.92 8.19 7.24 11.09 9.16
12.00 6.37 9.77 8.07 7.13 10.92 9.02
13.00 6.27 9.61 7.94 7.02 10.74 8.88
14.00 6.18 9.46 7.82 6.91 10.57 8.74
15.00 6.08 9.30 7.69 6.79 10.40 8.60
16.00 5.98 9.15 7.56 6.68 10.24 8.46
17.00 5.88 8.99 7.44 6.57 10.07 8.32
18.00 5.79 8.84 7.31 6.46 9.90 8.18
19.00 5.69 8.69 7.19 6.35 9.73 8.04
20.00 5.59 8.53 7.06 6.24 9.56 7.90
21.00 5.49 8.38 6.94 6.13 9.39 7.76
22.00 5.40 8.23 6.81 6.02 9.22 7.62

23.00 5.30 8.08 6.69 591 9.05 7.48
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24.00
25.00
26.00
27.00
28.00
29.00
30.00
31.00
32.00
33.00
34.00
35.00
36.00
37.00
38.00
39.00
40.00
41.00
42.00
43.00
44.00
45.00
46.00
47.00
48.00
49.00
50.00
51.00
52.00
53.00

5.20
5.11
5.01
491
4.82
4.72
4.62
4.53
4.43
4.34
4.24
4.15
4.05
3.96
3.86
3.77
3.67
3.58
3.49
3.39
3.30
3.21
3.11
3.02
2.93
2.84
2.75
2.66
2.57
2.49

7.92
7.77
7.62
7.47
7.32
7.17
7.02
6.87
6.72
6.57
6.42
6.27
6.13
5.98
5.83
5.69
5.54
5.40
5.26
5.12
4.98
4.84
4.70
4.56
4.43
4.29
4.16
4.03
3.91
3.78

6.56
6.44
6.31
6.19
6.07
5.94
5.82
5.70
5.58
5.45
5.33
521
5.09
4.97
4.85
4.73
4.61
4.49
437
4.25
4.14
4.02
3.91
3.79
3.68
3.57
3.46
3.35
3.24
3.13

5.80
5.69
5.58
5.47
5.36
5.25
5.14
5.03
4.92
4.81
4.70
4.59
4.48
4.37
4.26
4.16
4.05
3.94
3.84
3.73
3.62
3.52
3.41
3.31
3.20
3.10
3.00
2.90
2.79
2.69

8.89
8.72
8.55
8.38
8.22
8.05
7.89
7.72
7.56
7.39
7.23
7.07
6.90
6.74
6.58
6.42
6.26
6.10
5.95
5.79
5.63
5.48
5.33
5.18
5.03
4.88
4.73
4.59
4.45
431

7.34
7.20
7.06
6.93
6.79
6.65
6.51
6.37
6.24
6.10
5.96
5.83
5.69
5.56
542
5.29
5.16
5.02
4.89
4.76
4.63
4.50
4.37
4.24
4.11
3.99
3.86
3.74
3.62
3.50




314

54.00
55.00
56.00
57.00
58.00
59.00
60.00
61.00
62.00
63.00
64.00
65.00
66.00
67.00
68.00
69.00
70.00
71.00
72.00
73.00
74.00
75.00
76.00
77.00
78.00
79.00
80.00
81.00
82.00
83.00

2.40
2.31
2.23
2.14
2.06
1.98
1.90
1.82
1.75
1.68
1.61
1.54
1.48
1.42
1.37
1.32
1.27
1.24
1.21
1.19
1.18
1.18
1.18
1.20
1.22
1.25
1.29
1.33
1.38
1.44

3.66
3.54
3.43
3.31
3.21
3.10
3.00
291
2.82
2.74
2.67
2.60
2.54
2.49
2.45
242
2.41
2.40
2.40
2.41
2.44
2.47
2.52
2.57
2.64
2.71
2.79
2.87
2.96
3.06

3.03
2.93
2.83
2.73
2.63
2.54
2.45
2.37
2.29
2.21
2.14
2.07
2.01
1.96
1.91
1.87
1.84
1.82
1.81
1.80
1.81
1.83
1.85
1.89
1.93
1.98
2.04
2.10
2.17
2.25

2.60
2.50
2.40
231
2.21
2.12
2.03
1.95
1.86
1.78
1.71
1.63
1.57
1.50
1.45
1.40
1.36
1.33
1.31
1.30
1.30
1.31
1.33
1.35
1.39
1.44
1.49
1.55
1.61
1.68

4.17
4.04
3.91
3.78
3.66
3.54
342
3.32
3.21
3.12
3.03
2.95
2.87
2.81
2.75
2.71
2.67
2.65
2.64
2.64
2.65
2.67
2.71
2.75
2.81
2.88
2.95
3.04
3.13
3.23

3.38
3.27
3.15
3.04
2.93
2.83
2.73
2.63
2.54
2.45
2.37
2.29
2.22
2.16
2.10
2.05
2.02
1.99
1.97
1.97
1.97
1.99
2.02
2.05
2.10
2.16
2.22
2.29
2.37
2.46




315

84.00
85.00
86.00
87.00
88.00
89.00
90.00
91.00
92.00
93.00
94.00
95.00
96.00
97.00
98.00
99.00
100.00
101.00
102.00
103.00
104.00
105.00
106.00
107.00

1.50
1.56
1.63
1.70
1.77
1.84
1.92
2.00
2.08
2.16
2.25
2.33
2.42
2.50
2.59
2.68
2.77
2.86
2.95
3.04
3.13
3.23
3.32
3.41

3.16
3.27
3.38
3.49
3.61
3.73
3.86
3.98
4.11
4.24
4.37
4.51
4.64
4.78
4.92
5.06
5.20
5.34
5.49
5.63
5.78
5.92
6.07
6.21

2.33
2.41
2.50
2.59
2.69
2.79
2.89
2.99
3.10
3.20
3.31
342
3.53
3.64
3.76
3.87
3.99
4.10
4.22
4.34
4.45
4.57
4.69
4.81

1.76
1.84
1.92
2.00
2.09
2.18
2.27
2.36
2.46
2.55
2.65
2.75
2.85
2.95
3.05
3.16
3.26
3.36
3.47
3.57
3.68
3.78
3.89
4.00

3.33
3.45
3.56
3.69
3.81
3.94
4.07
4.21
4.35
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Table 57

Spanish Language: SEE for the Non-Verbal Section of Two Anchor Tests

Anchor Test One Anchor Test Two
Raw First Second Average First Second Average
Scores Chain Chain SEE Chain Chain SEE
.00 3.83 5.20 4.51 3.69 5.67 4.68
1.00 3.72 5.05 4.39 3.59 5.51 4.55
2.00 3.61 491 4.26 3.48 5.35 4.42
3.00 3.50 4.76 4.13 3.38 5.18 4.28
4.00 3.39 4.61 4.00 3.28 5.02 4.15
5.00 3.28 4.47 3.88 3.17 4.86 4.02
6.00 3.18 4.33 3.75 3.07 4.70 3.89
7.00 3.07 4.18 3.63 2.96 4.55 3.75
8.00 2.96 4.04 3.50 2.86 4.39 3.62
9.00 2.85 3.90 3.38 2.76 4.23 3.50
10.00 2.74 3.76 3.25 2.66 4.08 3.37
11.00 2.64 3.62 3.13 2.56 3.92 3.24
12.00 2.53 3.48 3.01 2.46 3.77 3.11
13.00 2.42 3.35 2.89 2.36 3.62 2.99
14.00 2.32 3.21 2.77 2.26 3.47 2.87
15.00 2.21 3.08 2.65 2.16 3.32 2.74
16.00 2.11 2.95 2.53 2.07 3.18 2.62
17.00 2.01 2.82 242 1.97 3.04 2.51
18.00 1.91 2.70 2.30 1.88 2.90 2.39
19.00 1.80 2.58 2.19 1.79 2.77 2.28
20.00 1.70 2.46 2.08 1.70 2.64 2.17
21.00 1.61 2.35 1.98 1.62 2.52 2.07
22.00 1.51 2.24 1.88 1.54 2.40 1.97

23.00 1.42 2.14 1.78 1.46 2.29 1.87
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Table 58

Chinese Language: SEE for the Verbal Section of Two Anchor Tests

Anchor Test One Anchor Test Two

Raw First Second Average First Second Average
Scores Chain Chain SEE Chain Chain SEE
.00 5.18 10.59 7.89 8.61 10.82 7.44
1.00 5.10 10.44 7.77 8.49 10.66 7.33
2.00 5.03 10.28 7.65 8.36 10.50 7.22
3.00 4.95 10.12 7.54 8.24 10.35 7.11
4.00 4.88 9.97 7.42 8.11 10.19 7.00
5.00 4.80 9.81 7.31 7.98 10.03 6.90
6.00 4.73 9.66 7.19 7.86 9.87 6.79
7.00 4.65 9.50 7.08 7.73 9.71 6.68
8.00 4.57 9.35 6.96 7.61 9.55 6.57
9.00 4.50 9.19 6.84 7.48 9.39 6.46
10.00 4.42 9.04 6.73 7.36 9.24 6.35
11.00 4.35 8.88 6.61 7.23 9.08 6.24
12.00 4.27 8.73 6.50 7.11 8.92 6.14
13.00 4.20 8.57 6.39 6.98 8.76 6.03
14.00 4.12 8.42 6.27 6.86 8.61 5.92
15.00 4.05 8.26 6.16 6.73 8.45 5.81
16.00 3.97 8.11 6.04 6.61 8.29 5.71
17.00 3.90 7.96 593 6.48 8.14 5.60
18.00 3.82 7.80 5.81 6.36 7.98 5.49
19.00 3.75 7.65 5.70 6.23 7.83 5.39
20.00 3.68 7.50 5.59 6.11 7.67 5.28
21.00 3.60 7.35 5.47 5.98 7.51 5.17

22.00 3.53 7.19 5.36 5.86 7.36 5.07
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4.79
4.89
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Table 59

Chinese Language: SEE for the Non-Verbal Section of Two Anchor Tests

Anchor Test One Anchor Test Two
Raw First Second Average First Second Average
Scores Chain Chain SEE Chain Chain SEE
.00 2.29 5.76 4.02 2.22 5.24 3.73
1.00 2.21 5.60 391 2.15 5.10 3.62
2.00 2.14 5.45 3.79 2.08 4.96 3.52
3.00 2.07 5.30 3.68 2.01 4.82 3.42
4.00 1.99 5.15 3.57 1.94 4.68 3.31
5.00 1.92 4.99 3.46 1.87 4.55 3.21
6.00 1.85 4.84 3.35 1.80 4.41 3.11
7.00 1.78 4.69 3.24 1.74 4.27 3.00
8.00 1.70 4.54 3.12 1.67 4.14 2.90
9.00 1.63 4.40 3.02 1.60 4.00 2.80
10.00 1.56 4.25 291 1.54 3.87 2.70
11.00 1.49 4.10 2.80 1.47 3.73 2.60
12.00 1.43 3.96 2.69 1.41 3.60 2.51
13.00 1.36 3.81 2.59 1.35 3.47 241
14.00 1.29 3.67 2.48 1.29 3.34 232
15.00 1.23 3.53 2.38 1.23 3.21 2.22
16.00 1.16 3.39 2.28 1.17 3.09 2.13
17.00 1.10 3.25 2.18 1.12 2.97 2.04
18.00 1.04 3.12 2.08 1.07 2.84 1.96
19.00 .99 2.98 1.99 1.02 2.73 1.87
20.00 .93 2.85 1.89 97 2.61 1.79
21.00 .88 2.73 1.81 .93 2.50 1.71
22.00 .84 2.61 1.72 .89 2.39 1.64

23.00 .80 249 1.64 .86 2.29 1.57
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ABSTRACT
The Effect of Different Anchor Selection Approaches on the Accuracy of Test Equating
for Test Adaptation
Hua Gao
Educational Research and Evaluation
Director of Dissertation: George Johanson, Ed.D. Professor
The focus of this study was to evaluate the effect of different approaches of
anchor test construction on the accuracy of equating for test adaptation. The term
“equating” in cross-lingual studies refers to a statistical procedure that adjusts test scores
from the source language (SL) version of the test and the target language (TL) version of
the test using a set of common translated items of the same examination so that scores
can be interpreted interchangeably. In each test, the verbal section and the non-verbal
section of the test were investigated. The Levine Linear equating method and Mean-
Sigma equating method were utilized with an anchor item design and an equivalent group
design, respectively. The double linking method and the standard errors of equating
method were used to evaluate the accuracy of the equating for different anchor tests. The
average difference between the two anchor tests for the verbal and non-verbal sections of
the test over three target language groups reflected the degree of overall instability that
existed in the cross-lingual equating process. These differences were associated with real
and systematic variance that underlies the cross-lingual equating process. Scoring
outcomes of an actual certification examination with a sample of nearly 9,000 examinees

taking both SL and TL versions of the test data set were utilized for this research study.
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Findings indicated that the differences between the double linking chains for each
anchor test were greater for the verbal section than the non-verbal section of the test. The
results of the double linking method supported the notion that different choices for
anchor items can result in different equatings and using items with the more stable
parameters was a better choice than using items with less DIF. The results of MSEE did
not show large differences between the parameter and the DIF methods of anchor item
selection. However, the MSEE differences were in the same direction as the double
linking method differences. That is, the parameter method was superior to the DIF

method using both criteria.



