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ABSTRACT

Within the context of the reform of curricula in the education system, assessment
methods and activities are also being reformed. There has been little research into the
new methods and activities of assessment or of the impact these methods and activities
will have on both the learning of students and the assessment of that learning. The
International Association for the Evaluation of Educational Achievement (IEA) in its
comparative study, the Third International Mathematics and Science Study (TIMSS),
included some hands-on investigations, called performance assessment tasks, as some of
the activities that assessed student learning. The student performances on two of the
mathematics performance assessment tasks, dice and packaging were examined in this
thesis, particularly in relation to student performances on some of the multiple-choice
tasks also used in the study. In addition, the performances of some subgroups of the
207 standard three and 276 form three students who attempted each task were
compared. The subgroupings were based on student responses to questions on gender,

ethnicity, language of home, socio-economic status, and value of mathematics.

Many students were found to perform differently when their performances were
compared in the multiple-choice and performance assessment questions that had similar
content. Students were more likely to give no response to the performance assessment
tasks than the multiple-choice tasks, particularly at the standard three level. For some,
but not all, of the performance questions there was a smaller difference between the
educationally disadvantaged subgroups of students and their peers, when compared with

the differences between them on the multiple-choice tasks.



ACKNOWLEDGMENTS

Many people have contributed, in different ways, to the completion of this thesis.
Firstly, I wish to thank the staff of the Comparative Education Research Unit within the
Ministry of Education, particularly Steve May and Megan Chamberlain, for supplying
the data files and answering my questions promptly. I also wish to thank the many

friends who kept me sane, listened to me moaning, looked after Paul, and generally kept
me going.
Thanks to Glenda Anthony who supervised and guided me through the challenges of the

thesis work.

Finally, to Graham, my friend, husband, severest and kindest critic, thank you for all the
accommodations and contributions you have made to a thesis which was harder to give

birth to than Paul.



iv

TABLE OF CONTENTS

ABSTRACT i iiimiinivsssaiemensiiinsmaesiss s svnms e sisien saees Beanisimmiaers s ii

ACEKENOWELEDGMENTS ioucisauvavimmmnimiiisiimisvinsae s i is v sl s s o ag iii

INTRODUCTION. cosaureonsnsevmmismns cobns s sssess s sinseenss o esmssse s i 1
1.1 The Third International Mathematics and Science SWdy .......ccceremiiiimiiniiiiiiiie e eaaeeaenes
1.2 What 18 assesaMBIt Y ozt o s R s R SR S s s

2
3
1:3 - Assessment Ieriis anid ACHENVITEE s mssms s s s A s R T R SR s T L D
R AT T T SHOIING 1 scnssmmon o e e e Ao A S R X F R Sy AR S A S T P A S i s O

~

1.5 Relevance of this Tesearchic csmmsiisissiimsinimmiaa st s iasirishssrsmisssons

ASSESSMENT IN MATHEMATICS EDUCATION....ccciiiiiiriiiiiiicnnincnnnsinns 9
2.1 Historical reyiew Of ASSBSSIBIIE <.« uxs vswesssnssnmes siseus ssmsmnssssn o us S nsrs SR E S s oL AN T e e ORRE SRS 55 D
2.2 The purposes OF ASSPSSIIBNL ....voruemrrsnsnsunsnsnassansrannesnssossnnrmnsssmisssmansnsasssnsasasnmnssnransrasenyedil
2.3 The impact of assessment on teaching and leaming..........ccccovviiiiiiicninninnncinrini e 13
2:4 CriticiSms OF ASSeSSTENIS iuviusmnasnmimimsmmsi s s s e e s 10
2.5 Review of current philosophies of assessment in mathematics education.............................19
26 P00d ASSEE ST e T R G R R GG
2.7 The trend towards the use of Performance Assessment tasks.............ccccceeniiiinininiiiccinnnn 27
T s A e iyttt v 1 SL W N Pl R T E N S RO (1)
2.9 Challenges faced in changing asseSSIENL . v iiciivssssssisseissss siorsssesisssssivssssssinasminnsnsormesmsnsId
2.10 Technical issues arising with performance asseSSMENLS .........c.uevreerreereneiaremeeeereneeeesaidd
2.11 Performance in mathematics - assessment and the educationally disadvantaged. ................... 39

ASSESSMENT AND THE TIMSS STUDY...ccicicteienanssesascnnsasasamancons weend5
L 1 L 45
B2 SAMPIIG or oo rmsmius e s s S Aol 35 o S R ey S i N e e R s eSS sl 46
S A dmi NS Tl Ol i e e s e G T T T s AT IR . e 47

METHOD.......... L I L LW W S T S - X b ST
41, Task -Seleclion icenaninunmnrimisimimnais s eaiss vt iies 57
42 Data AnalVSis. connanmuisismmmsiosm s e e 58



4.3, Selection of background variables. ..........ccuuereiirrnismerirrerresreneererieeeeereesnerseesssaenseesnns 63
4.4, Limitations. of this anal ysisi. . canmniiiniaisiiimnsbanimmkniisininase.00
S BUTONATY v wswsvsnsimnin ssmssssmess s ame s e e S oa b WG A Rl S S SRR o s e O

S L ThediCeasks, . coresseianssrems sttt B iliinrrii i is sl e A e (L AR ea s s et e SO
5.2 The multiple-choice and short-answer tasks associated with the dice task.............cceevviennnn 71
5.3 Face validity - how do these tasks compare with curriculum expectations?............cccvvveennee.. 74
5.4 Results Of he dice 1aSK . .vnirrmreeiiiet it e e et e e e e ae e eans s ansse s asnannansensssnsansensen DT
5.5 Resuits of the multiple:¢hoice: tasks. oo nmisusummssmaiinmumnnsisipmwmns8s
5.6 Short-answer questions that cover similar mathematical content and their results...................93
5.7 Comparison of the results of the dice task and the multiple-choice and short-answer tasks. .....94
5.8 How do the sub-groups of students fare in the dice task and its associated tasks. ...................96
5:8.1 Gender AIfferences: .ommaniinsmmssvemms im0
OB AN DG L FETEHGER o nnsnsivarenmsssinsnras e s o o S AT E o S o RS S AT P PP e T T D
5.8.3 Comparisons between students from English-speaking homes and those from non-English-
SpEAking ROMEs..iinunnenisRmsmna e e s SR st 102
5.8.4 Differences between students from differing socio-economic status groups. ................. 106
s Personal value ok mathematies. . . sanmmsos msmsasersnmniners st esssiiessmasien s smenssnamsseasaa IS

PACKAGING. ..o vocusnivvamsiisinissimimin madoisioraseeio s s s svasisssii e s 115
6.1 THe PACKABIND BATK:. . couvimssvsnnssosssssssmmsamssnssiny s e sstnimses e ssas e mesmsnssysanes L )
6.2 The multiple-choice tasks associated with the packaging task..........ccoeeeiiviiciieciiiicinnennn... 116
6.3 Face validity - how do the packaging task and the associated multiple-choice tasks compare with
CUIICHINM EXPECIAtOTEY c cussovimnsmusssnorivisamsiasists s ssssmnsascasiss ssasssacmassssvervisasenssassmsn b AD
6.4 Results of the packaging task ..........coveveiiiirereeiieiiiieeereeeenieeecvaiievnseseeeeesneseessensennes 120
6.5 Results of the multiple-choice tasks: ... c.vi. vzt viion 12
6.6 Comparison of the results of the packaging task and the multiple-choice tasks...................127
6.7 How do sub-groups of students fare in the packaging task and its associated tasks............... 129
671 Gender MHTerenees . oo coienin e e TR o e i e S e R S T R SR T s ot A s L D
6.7:2 BEthnicdifertiicelasnmnmsnnretasiniiuiesrdsasinnssmmiamaannil32
6.7.3 Differences found between students from English-speaking homes and those from non-
English Speaking HOMES ......ccoiiumimumiieeeeeeceereiecee e cee e e e aeeeeesn s seeeeeessnnsnnnssseeeeeeeess 134
6.7.4 Differences found between students from differing socio-economic status groups.......... 138
6.7.5 Pergonal Value of Mathematics .. ccuu . iicicsiiimsmiiiisiiniimmssisisisisismiiarsiessisssis 141



vi

7 DISCUSSION i immsmiaaaseas s s snmesmssasarmvnynn 149
7.1 Appropriateness of tasks examined . nanunnniinnnnnnniansnenaissinniieiasn 149
7.2 Relationships between multiple-choice and performance questions. ............cccvvveeeevnveennne.. . 149
S N OIS ONSE D AUESTONS, o o ommmmir v i s s s e A e Sy A e Y S A s ke e LN
7.4 Performances of disadvantaged sub-groups of students............c.ccvveeeiininiineniiniininnennennnen 151

Fi41 Boys and Girls cuanmnuns s s nassrsmimasssnsn s 152
7.4.2 Ethnic groups and language differences..........oceveeerrverivenrenrinninsrnmcssiveessninneeennenn. 154
7.3 Socio-econGmMICSIAIS. . vacorrsaenmsse smanssmmrssssnssnnnnssnsanins snnnssasnsmnsnssnn fnmmasssstastssnmemn A2
7.4.4 Attitude to value of mathematics .......ccoivuviiinisiiiminiinemiinesiasmasesssanssssssamsssesas 195
7.5 Positives and negatives of the different assessment activities -performance assessment and
7:5.1 Test constricto:ssmnnimiiminanninmainnamnninamnsnnmnsasimn 156
7:5:2 Testing and AdminiStration. ... i s dmsisismmsasss L7,
o BYalUAtans. see s . S e, e ST, o S e, e e 1 90
1.6:Areas forfunire sesearch niminanasRnasnainnrainRBmeRRaunnsssassanas 103

P Conciding thoUENTE, v s e o e e s U S SR S e SR R R A R o 164
BT BT CTECOE s s min e sinaisinivts o sobon o S 3 S w000 6 a0 O W O SN B A S MO S S R s e 165
ADPHEDHIX /A, ma s s e e e T e R e T s e R e e e A -1
Appendix B. Chi-test values for the dice task.....cccceveuiiniiiiiiiiiiiiniiiinnnen. B-1

Appendix C. Chi-test values for the packaging task.......ccoeviiviiiriiieninnnnnnn. C-—=1



LIST OF FIGURES AND TABLES

Table 3.1 Assignment of TASKS 10 SIQHONS .............cuumrumerimmiiiieiareieeeeeieeeieinieraee e cesansnessesene s 48
Table 3.2: Comparison of population one and two tasks for identical items. ..................ccceeeeennee. 51
Table 3.3: Summary of Expected Performances for the Mathematics Performance Assessment Tasks....52
Table 3.4: Typical code allocation for a question with maximum correctness Score 2 .........................54
Figure 4.1 Representation of the partial overlap between performance assessment tasks and the associated

LD BOIE TSRS B o s e T R R TSR T T T sl s SO e e e LS DD
Table 4.1 Example of expected table where there is no difference between the scores on two tasks.......... 60
Table 4.2 An example of the expected table if there was no difference between groups.........................61
Table 4.3 Observed and expected proportions of girls and boys achieving each score on a hypothetical

7 R I S )

Table 4.4 Observed and expected proportions of girls and boys achieving a score of zero or more than zero

ORA BYDOTHEHERLTASK. v smssmsnnssossmmenanssissn st s on iesd 5o asssn s oSS eSS SR A S R S M S F S s 63
Table 5.1 Achievement objectives from the Mathematical Processes strand associated with the dice task.75
Table 5.2 Achievement objectives from the content strands associated with the dice task ..................... 76
Figure 5.1 Proportions of student responses to question one of the dice task. ...............cccccoueeneennenan.. 77
Figure 5.2 Proportions of student responses to question two of the dice task....................ccccccoeeevvunan. 79
Figure 5.3 Proportions of student responses to question three of the dice task...............cc...................80
Figure 5.4 Proportions of student responses to question four of the dice task...................cc.ccccccevnvun.. 81
Figure 5.5 Proportions of student responses to question 5 part (a) of the dice task................c.cccc........ 82
Figure 5.6 Proportions of student responses to question 5 part (b) of the dice task.................cccc........ 83
Figure 5.7 Total scores Jor the diceask. o wmnvimiiniisinivsasininmmikoiasamito mani =89
Figure 5.8 Proportions of student responses to question HS. ..................cccocoeeeciiiiiiiiiiiicccncenene. . .86
Figure 5.9 Proportions of student responses 10 qUESHON J5. ................cceieieeucccceciinieiiriiiceeniieennn e 87
Figure 5.10 Proportions of student responses to question L13...............ccccccevvviiiiiinciiiicccinninnnccnne 87
Figure 5.11 Proportions of student responses to question K4. .............coceeueeeviicveciviieeniiiiianciienenne. 88

Figure 5.12 Proportions of student responses 10 qUEStion Gl. .............cceuueevueevunesvcnessiecsnesesenannnn 89

Figure 5.13 Proportions of student responses to question L10................ccccccccoveiiiniciiiiinieccnninnnnnn .90
Figure 5.14 Proportions of student responses to question NI8..................occuvmiiiiiiiiciniinmiinniacnennannn. 90
Figure 5.15 Proportions of student responses 10 question M3..............ccccooevvvvceeeeniniiccnennneennncnnennnn 91
Figure 5.16 Proportions of student responses 10 U4 ...............cvveueiereenreimmeeneeinesnsiisssiiss s einnaes 93

Figure 5.17 Proportions of standard three boys and girls who scored the maximum score.....................97
Figure 5.18 Proportions of form three boys and girls who scored the maximum score.........................97
Figure 5.19 Proportions of standard three girls and boys who did not respond to each question.............. 98
Figure 5.20 Proportions of form three girls and boys who did not respond to each question.................. 98



viii

Figure 5.21 Proportions of standard three students in the minority and majority ethnic groups who scored
the TAXIMUM: SCOTE..iiiiusiwiviiniivr i i s s i s ansns 100
Figure 5.22 Proportions of form three students in the minority and majority groups who scored the
FHOER T SEOFE, vnvesssssmasonnmrssmamisasansass s oS s S s 8 B 0 s A A M SR s R SRR S 100
Figure 5.23 Proportions of standard three students in the minority and majority ethnic groups who did not
respond 10 eaeh QUESTION: v i ssmayimvs s e sssysnsa IO
Figure 5.24 Proportions of form three students in the minority and majority ethnic groups who did not
2 0 T R TR 17 o U W e o W e e e M ey e e )
Figure 5.25 Proportions of standard three students from English-speaking and non-English-speaking
homes who scored the MAXIMUM SCOT€. ...........ccccccuiimmiiiiiaiiiieieaiiaeeessneaseeseansaesssnsressaneene 103
Figure 5.26 Proportions of form three students from English-speaking and non-English-speaking homes
WhHe S Cored e MAXIMUITESEOFC. 1ovsmr snrpnrst s e s pn S A s as ST A AR Em s n s narn s e nnamassis LK
Figure 5.27 Proportions of standard three students from English-speaking and non-English-speaking
homes who did not respond t0 €ach GUESHION. ..............cc.ueiiiiiiiiniiaiiiiieiiiiiies e aa e e aaann 105
Figure 5.28 Proportions of form three students from English-speaking and non-English-speaking homes
who did. not respond 10 eqch QUESHION. i:: s ixi ainsinisisisaisnansssismsinuisnisssis s Sosbsanssnnssssasaois 105
Figure 5.29 Proportions of standard three students from each socio-economic group who scored the
I I e e S e T e o R R e T T e R e P R 107
Figure 5.30 Proportions of form three students from each socio-economic group who scored the
TAXIUI SEOT o cvsivvsansiswas it s i s vaniiassnsnss LT
Figure 5.31 Proportions of standard three students from each socio-economic group who did not respond
10 COCH GUESTDN . iisvissnsvvsavervinsvsint suamiswisars SN Soan e s R e s Baa R rnen S v v A Sy s o 25 pen LD
Figure 5.32 Proportions of form three students from each socio-economic group who did not respond to
BOCH GUBSTION. 55 smsnsniosssrvs sosas sis yesnsiyias 3 ¥oraon A e s oS A oS AR S ST B SRR S S bR A S s s hnss sns n LT
Figure 5.33 Proportions of students gaining the maximum score who agreed and disagreed with the
statement I think it is important to do well in mathematics at school ..................cc.cecce......... 110
Figure 5.34 Proportions of students gaining the maximum score who agreed and disagreed with the
statement Mathematics is important to everyone's life...............cccccccooovvvvivnvncnnnnercrennenenn 111
Figure 5.35 Proportions of students who agreed and disagreed with the statement I think it is important to
do well in mathematics at school that did not respond to the packaging and multiple-choice
TS OIS sornssssrsnsmntsss R s e R A R A S R A S T S R0 SN A o S ST S 112
Figure 5.36 Proportions of students who agreed and disagreed with the statement Mathematics is
important to everyone's life that did not respond to the packaging and multiple-choice questions. 112

Table 6.1 Achievement objectives from the Mathematical Processes strand associated with the packaging

Table 6.2 Achievement objectives from the content strands associated with the packaging task...........119

Figure 6.1. Proportions of student responses to question one of the packaging task......................... 120



ix

Figure 6.3 Proportions of student responses to question three of the packaging task. ....................... 123
Figure 6.4 Graph of score totals for the packaging task...................ccoooiiiiiniiiiiiiiiiiiiiiiiiciie 124
Fiourei6.5. Proportians:ofstudent responmesif0 K3, ... comsseneerssmamssmimunsnssssssmsssnnssssssnommsmsrsmmmsssmsn 125
Figture:6:6.-Proparfions:of resPonses d0ED . ouwssescmsmsimmmmmssseres ey oomsasiss s vae S s S5 126
Figure 0.7 Proportionsof FesponSesito Bl cox s s e i sae s e s 127
Figure 6.8 Proportions of girls and boys who scored the maximum score for each question................ 130
Figure 6.9 Proportions of girls and boys who did not give any response to each question. ................. 131

Figure 6.10 Proportions of students in the minority and majority ethnic groups who scored the maximum
SEOTrE O A GBSO o cusens v s s S T P S TS o e B O S e S s 133
Figure 6.11 Proportions of the minority and majority ethnic groups who did not give any response to
OB U SITON s o5 s 5 1 1 s 30 S S A 134
Figure 6.12 Proportions of students from English-speaking and non-English-speaking homes who scored
he maximum Score for each QUeESTON: ;o sm s e R ks S S SR A TR S R et a e e 136
Figure 6.13 Proportions of students from English-speaking and non-English-speaking homes who did not
Ve ANy, FESDONSE A0 BT BESTION i scscanmwsnssenssnesm s e fa b o 8 S E s S S S SR 137
Figure 6.14 Proportions of students from each socio-economic group who scored the maximum score for
CECR GUESTION s e T R A e S A RS S Ao e s P S e S s T i 139
Figure 6.15 Proportions of students from each socio-economic group who did not give any response to
CACRGUBS IO cocavwsssmmsmsrossimsesiaisias s i s i e 4 69 S5 A A TG s SRR TR S oSS 140
Figure 6.16 Proportions of students gaining the maximum score who agreed or disagreed with the
statement [ think it is important to do well in mathematics at SChool ..............cccuvuuueeernnnnnnnn.. 142
Figure 6.17 Proportions of students gaining the maximum score who agreed and disagreed with the
statement Mathematics is important to everyone’s life...............ccccooiiiiiiiiiiiiiiiiiiiiiiiiiiiinnnnn, 143
Figure 6.18 Proportions of students agreeing and disagreeing with the statement I think it is important to
do well in mathematics at school who gave no response 10 each qUESTION. ...........cuceeeeueennnnn.... 144
Figure 6.19 Proportions of students agreeing and disagreeing with the statement Mathematics is important
to everyone's life who gave no response t0 each qUESHION. ..............ccoieuuieenneeniiniianiieeeaee.. 144
Table 7.1 Advantages and disadvantages of the use of performance assessment and multiple-choice

TS O e e, o o o S e S S B o By e 162



