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ABSTRACT

Research Supervisor: Dr. D. F. Rchitaille

The purpose of this spddy was to explore the use of
the Rasch simple logistic mcdel iq;?the neasurement of group
change 1in mathematics achieveﬁent. . A survey of previous
studies revealed no consensus és »to the perfcrmance of
present-day students compared wiﬁh their counterparts. in the
past. Few studies attempted to édentify changing rperformance
on specific topics within the;mét?ematics curriculum. , Groups
were compared most commenly on tﬁe basis of grade egquivalents
cr raw scores, Neither of theée'ié satisfactory fcr measuring
change; grade equivalents ﬁave no ﬁatural statistical
interpretation, and raw scores yield ordinal rather than
interval measures.. A possible“soldtion to the problem of
scale lay in the use of the Rasch ﬁode;, sirce it purports to
yield measures of item diffiéuity and person ability on a
common interval scale, |

In 1964 and in 1970, dil Grade 7 students in British
Cclumbia wrote the Arithmetic Réasoning and Arithmetic
Ccnputation tests from the Stahford Achievement Test, Advanced
Battery, Form L (1953 Revision), K Random samples of 300 test

bccklets were available from each administration. In 1979,

L
the same tests were administered to a sample of 50 Grade 7
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classes, stratified by geographic region and size of school,
selected from schools across the province. A random sample of
300 test booklets was drawn from the tests ccmpleted in 1579. .

The reasoning and computation tests contained 45 and
44 itens, respectively.. Thé‘ifeﬁs Wwere reclassified ky the
researcher into ten ccntent ar;;$ és follows: |
1. Whole: number concepts and:éperations (WNC) - 11 items
2. Applications using whole numbers (WNa) - S items
3. .Commcn fraction concepts and operations (CFC).- 12 items

4, Applications using common fractions (CFA) - 8 items

l
[

5. Decimals (Dec) - 11 items
'6e  Money (Mon) - 9 items
7. Percent (Pct) - 8 items

8,.Elementary algekra (Alg) - 9 itenms
97 Geometry and graphing (Geo) . - 8'items
10 Units of measure (Mea) - A,items‘

The computer progranm BiCAL .was used to determine
estimates of iten difficultié$ énd person abilities. A
mrinimum cutoff score vas estabiished to eliminate examinees
near the guessing 1level. An item was deemed non-fitting if
its fit mean square exceeded uﬁiiy pyifour .¢r more standard
errors and its discrimination inde# wWas ;ess than 0.70.

One of +the Kkey reqpiféménts of the study was to
demcnstrate that the two Stahford testé measured the same
ability, +thereby Jjustifying the regrouping of the items. To
this end, for each year a standardized difference. score
between Rasch ability' on the .reasoning test and on the

ccmputation +test was calculated for each FeISOon. The
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distribution of such scores was compared with the unit normal
distribution, using the Kolmogorov-Smirnov statistic.. Since.
no distribution differed from the unit normal at the 0.01
level of significance, the tests wefe assumed to measure fhe
same ability. | |

All 89 items were then calikrated as a whole for
each year. Items were deleted from thé analysis if they
showed lack of fit on two of,the three administrations. The
deletion process was terminated after two recalibratioms, with
10 items eliminated. .

For each pair of yeafs,’two standardized difference
scores for the difficulty of each iter were calculated: ome
reflected relative change of difficulty within the curriculum,
and the other reflected absclute'chénge cf difficulty._ For
each content area the mean difficulty and»éfandﬁid'érrcr of
the_mean were calculated, and the sﬁandardized différence of
the meén was determined for eabh ccmpa:iécn..b

The small number §flit§ms subsumed under Units of
Measure preciuded any reliabléféonclusions cn this topic. of
the «remaining nine topiés cnl;‘Eiémentary Algebra showed any
relative change of difficulty;ffrom 1964 to 1970 it becanme
easier, both relatively and aﬁsoiutely, probablyv due to
increased emphasis on this toéid ﬁithin the curriculuﬁ._ The
toric " Percent was more difficui€ in 1970 than in 1964, . From
as?o to 1979; Elementary Algebra and both tcrics dealiﬁg wWith
ccmmon fractions became more difficmlt. Overail, from 1964 td
1979, five of the nine topics&béééﬁe,more difficulf: WNA, CFC,

|
CFa, Dec, and Pct. No topic became less difficult.

i
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A comparison of decisions using the Raséh model and

using~the traditional mcdel based ca p-values showed the Rasch
model to be more conservative.. For; example, from 1964 to
1€79, all nine topics wculd have‘been.judged.mcre difficult by
using the traditional modei.hw It: was suggested thét the
differing decisions vere due.tb thg ‘differing behaviours of
the standard error of estihate in the.two models. . In the.
Rasch model, items of average Qiﬁficu%ty are calitkrated with
the least standard error, whiléiin the traditional model the
étandard error for items of grea%eé; and least difficulty are.
estimated 'with the least sténdé;d‘ error, . The question of

which is preferable was unresolved.



TABLE OF CONTENTS

Abstract -.im@..oqogig-oq!pqqngg@.@qqqigqim.éq.¢@.q¢qgﬁ@,

|

List Of TableS:o;mooq-oofl-q,“@oqrqp&-o-,-o?nhfmop-o.qwqg@

LiSt Qf Figures r.’.qii-.@..g;;-Qg-;-m.-.éci.o--;qam?-w§g)

1

ACknOHledgements oq-.q.o.o.q.qbo;%qoioo.oooob.c-dom-.@qip
o : e [

i

CHAPTER I ~ STATEMENT OF THE PROBLEM ceevewoes cemiosvmbains .

Background to the PIOblem Qﬁ@g;éiqm-@;ééfoq,.(qo.;q@ig.

Reported Change in BLitiSh COLUNDIA weeeavimenoosmens

The Interpretation ©f Change ceecseccceccesonsccccccanss .
The Problem Of Scale p-.qu(g;,._’qoco§,i@ébo,;!w..q-tq_

An Alternative Approachv__ﬁ;..;.-g......;.,...s.....Q_,

PurpOSe Of the StudY'cngqqoqpﬁéiwqoo-ii?;q.;ouﬁoéqbfqg

i

'Significance Of the Study'-;q;.;o?anqbidcqn-;h-'f..;g“

CHAPTER II REVIEW OF THE LITERATURE evceiocecweconwecsow

t

Studies on Change in Mathematics Achievement ceececennans

Studies at the DiStriCt Leri.?;d;.m.@ggfcocoiqioq-@q@:
Studies at the Provincial or State Level ecevecccccccns’
Studies at the National Leiel pifnbpnaioi’QQOOQJQ?qqgg,

i
The Rasch Logistic Model ....,@;,.;.;.,..;,;._..;,.@_.,,L,

i

The Estimation Of Parameters .;.wﬁq.qq.“;.";o.p.wt!b,

The Standard Error of‘Parameteis,..,;.,.-aa@..k_...;g,

Standard Error of Itenm DifficultieS«.;.;...__,..ys._

Standard Error of'PersonjAbilities:;;g.,;.q.,é_.;go

The Evaluation Of Fit'.i-;o,p.riqqpo.qbb;.qq.@ioqiiqh9"

AT A

Ihe Need fOI Recalibration ?_qb,,q-'.oo._o,-..‘o\i"-o._\o-\' qb_,-'o_p .

T

Implications Of the Model icQ;:.(;m..-ii(.qoliqomqqmig“

vi

ii
ix

xi

‘xii

13
16

19

22
24
24
25
29
34
38
41
43
43
45
46
50

52



vii

‘Antecedent ConditionNsS eceesevvcsvewsvosvcsovsoasencscncnse D3

The unidimensicnality~bcnditionr.,,f;@,,.;mp...@ 55

The influence of JUESSINg secccccvcccacceccsncns . 57

The question of itenm aiscrihinationf,f@_..;_.‘.q, 62
Consequent Conditicns ,,g};,;,,,;ggg.;;;.;g.a._;g.., 66
Sample-free item.calibiatién:..,T@T.;-fé..._..,. 66
Test-free perécn.caiib&atiqﬁ--.;..._-.,.;_._.,¢,  72

The Issue of Sample Size-_,Q},;_;.,,ff.?g.a.;@,_,...., 78
CHAPTER III DESIGN OF THE STI‘I‘DY "",'""‘"."."'."“‘_‘"","" 79

t !.
Sampling PrOCEAUIES ceesesseseesesssenscscsseaccnseses. 79

[

Data COlleCtion oo...m..o.;okgpqqqo.mm-bboi.omqoioo.gg 83

.
Verification 0f the Data oceececccececcccccscecccccessascses 85

1

1l
1

BICAL -onwgini--o.pb..m-geqq,-@b-qo‘@bé@b.@fnnnﬁqpq@g? 86

Editing the Data on;moooqoo.;,zqsqwupi.oq-...h.'l.!@.!M 89
[ A L R L . .

The Deletion of Perscns L@,,.m;,,,,;..;.,.,,,b....., 89

The Deletion Of IteNS eceesesacocceccsecscsccesassas . JI0
Testing the Unidimensionality of the Two Tests wesaces 91
Testing the Changes in Item Pifficultyt..a.,..._g,.,.,‘ §5
Testing Change in Content Ar?a Difficultf~~......,_,.,_102

CHAETER IV RESULTS«.a...,-;q»;_.f......_..35.._,5,m__.@ 105
Verification of Data ;..,..;;,,T.r;?.,.@,,;,,.;..m_.,,_105
The Deletion of Persons ...%%ﬁ7;7..?,,,.3,é,.,.~-.f.f, 106
Summary Raw Score Statistics;....,q-____sbg..._____..- 106
Tests of Unidimensionality .Li..,;,;...;,.......,.q-.. 107
Item Calibration ...._..,...,lf.f,f.7,.?,.__..7-.,,?5, 113

Changes in ItEm DifficultY‘@%m..@ooong..-.-qippomctqno 124

Changes in Content Area Difficulty~..,;;m.;,m,,,,.,,g,,130

Comparison of Results Usihg Rasch and Traditional



Procedures .‘..‘.»..‘-.-...“.‘A.\.\‘.‘..‘."\‘....".‘\O‘.'...

CHAPTER V DISCUSSICN AND CONCLUSIONS “ecesccssevosnces
Comparison of the Rasch and Traditicnal Mcdels weeocee
Change in Achievement in British Colunkia cesccenssce

Sampling and Motivation Considerations cecssevcone
Change in Achievement by Ccntent Area esecscosovse
Limitations of the StUQY sescececscencacecoonnnceonon
Some Concerns and Suggestions for Future Research cve

FEFERENCES ...‘.'.....‘....»...‘.‘-..........\‘.\....‘...'...

APFENDIX A British Columbia Report on the Testing of

Arithmetic, Grade VII, March 1964 and May 1970 weceoes

AFPENDIX B Stanford Achievement Tests: Arithmetic

Reasoning and Arithmetic Computation cecevecnvoccccas
APEENDIX C The Computer Program BICAL Setessenvcocccsas

APPENDIX D Correspondence SO PSPIePSOIwes % PN O OeVISTIOSS

viii
134
139
140
150
150
153
165
166

169

176

187
196

216



1LIST OF TABLES

Summary of Reported Changes in Difficulty Value e.. .

Item Difficulties on the Reasoning TeSt eeacecsscescs.

Item Difficulties on the Computation TeSt weecewevces
Summary of Changes in Difficulty Values After
Reanalysis Of the Data sececessecscsccsosscncsnscccses

Summary of Studies on Arithmetic Achievement seeas s

'
i

1979 Sample Ly Geographic‘Begions sssssssescescecas

Sllmmary an Score StatiStIiCS o.,o_._m‘ncn'-.o.i.ob-\oocoqvgg

Mean Ability Estimates on the Reasoning and
o i

Computa‘tion Tests .\ovq_gqqqqggg..qo!ibq\.b o-,qgi.‘o,qq,p
1

Distribution of Standardized Difference Scores on

the Reasoning and Ccmputation TesStS ececccsscescccss

Number of Subjects in Eaéh Célibfation~;.___,..,,..
items Not Meeting Fit Mean Sqﬁare Criterion sscccs .
Characteristics of Ncn—FittinglltemS'a,g..-.;@...,,
Non-Fitting Items on Recalibration eeececssscscseas
I11-Fitting Items in Finai Caiibrationv.f.%,gmn._,.
Item Difficulties and Stgnéagd EITOTS eieesvescnses
Summary Statistics for Aﬂilities it
Distributions .of‘ Standardizéd Scores Related to
Relative Changes in Iten Difficulty:;;....;7f.,.,,,
Items Changing in Relative Difficulty-,é.,.,a,,ff.f
Number of Relative Difficulty Changes cceececcecece
Distributions of Standardized Scores 'Belated to

. t

Absolute Change in Item Difficulty sccescececacwecncs

ix

10

11

12
37
82

107

_110

110

114

15

115

116

1

121

123

125

126

.126

127



Items Changing in Absolute Difficulty eccecaccececes
Number of Absolute Diffiéhlty Changes sessemcnsssas
Summary Statistics for Content Areas sescsessscesss
Changes in Content Area.Difficulty seesesccsacsnens
Traditional Analysis of éﬂaﬁgewf,.,,.@,.7,,_§§..3&.
Items Showing Discrepancies Between‘Decisicns Using
the Rasch and Traditional Models cesesessscesenecns
Content Area Decisions Using4 the‘ Rasch an@
Traditional Models ..,,,,,,Q,?.f.;.,+.,....-.,._.a.
Time Allotted to the Stuqylbf Arithmetic _g,a..?;,,
Mean Satisfaction Ratinggzbfkéa£teni Areas on the

1977 Grade 8 Assessment .;gi.,.;;.g,;;.;,,,.._;..,,

129
129
2132
133

136

. 138

138

161

164



2.1
26 2

2.3

LIST OF FIGURES

A hypothetical example of the relationship between

raw score and ability eescescescccccvococcccrconces

Raw scores by itenm matrix«.,;,.,g..;a..g......,.__.,

i

Item characteristic curves (ICC's) ;_;._._.._.,‘..,,

'
i

ICC's with a guessing parahe{er .,...;...,-...,_m;_

ICC's with a discrimination Parameter: cecescesccces .

Two hypothetical distributions of traditional and
RaSCh item difficulties ;,vommqm.-.-i@uic@g@&@@@.ic

The testing of change in the relative difficulty of

items sewse ..\..*\c'«'.,._\o.g«-’.‘.q-‘_b_\,o:“.,qqio;_-qVq gqroqé se0eewDewe [

The testing of change. in the absolute difficulty of

- N .
ltems IREEERENFEREFAEPRFERNEFFEREREREREINNFEFERENERNNE IR Y I I

Patterns of ill-fitting itens ceeceowecscsassccaseo
The relationship between ®%-difficulty and Rasch
difficulty -oaiiiiiiQ-oqqéq@@-,.oié-iibi.-qq.og-qqg

The relationship between Rasch item difficulty aand

K
Standard EITOI wesescssesssssescssenseaswascesssnsse
Variation in confide#cé? bands within  the
‘ TR L .
traditional and Rasch modélsl..?,g,s;;,.,....@.q,..
Effect of varying standardvetro:s on decisiéns _OE

Changing item diffiCUlty .\9,?-'.”)-‘-..\-‘., -\.o-.‘.-j-\.«--.._.-i -

xi

17
56
58
59

63

97

99

100

109

142

44

145

147



xii

Acknowledgements

I wish to express. my thanks to nmy ccomittee
chairman, ©Dr. David Recbitaille, for the way ‘in ‘waich he
supervised the production of this dissertation. ~He was
generally supportive, sometimegydemanding,:and*at‘all tinmes,
he showed confidence in my abili{y to pursue the topic as I
saw fit. |

I would alsc like to thank my ccmmittee members:

Dr. Merle Ace, for guidance in thg use of the Rasch model,

Dr. Todd Rodgers, for clarifiéation of statistical issues,

Dr. James Sherrill, for detailed textual comments, and

Dr. Gail 'Spitler, for placingi the} study in the context of
‘genefal educational issues. , |

Financial support for‘the sfudy was provided through
a grant from the Educational. Régeaich Institute of British
Columbia, and their support was much appreciated.,

Finally, I wish to acknowledge the contribution of
Peg McCartnéy whose support was a. constant scurce of strength. .
Her loss changed the pursuit of tﬂ? doctorate from a joy to a

jok.



CHAPTER I

STATEMENT OF THE PROBLEN.

It is currently fashionable to lament the level of
mathematical knowledge possessed by gréduates of rfublic
educational institutions (e.g., Beltzmner, Ccleman, & Edwards,
1976) . Moreover it is a common belief that schools were more
successful in teaching fundamental mathematical skills at some
point in the past (e.d., Armbruster, 1S77). Objective
evidence which might confirm such a belief is difficult to
find. .

Critics are divided as to the existence and
implications of cbjective measures cf mathematical

achievement. For example, in a recent book entitled Hhy

—— . vt ———— —e——— —

Jchony Can't Add: <The Failure of the New Math, Morris Kline
(1973) attacked the curriculum reforms of +the 1960's. In
spite of the suggestiveness .of the title, Kline failed to
document such a failure..  1In particular, one nmight have
expected his chapter entitled "The Testimcny of Tests" to
ccntain data supporting his implied contention that
ccmputational proficiency had declined. On the contrary, his

main argument in that chapter is that no suitable tests or
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testing programs have yet been devised tc¢ carry out the
necessary measurements.

The most ambitious attempt to date‘ to assess the
state of mathematics education in the United States is the
report (1975) of the National Advisory Committee on
Mathematical Educaticn (NACOME).. The ccmmittee reviewed
cvrriculum reforms from 1955 +to 1975, identified new
curricular emphases in current programs, outlined various
patterns of instruction in use, addressed the ©problem of
teacher education, and, finally, tackled the gquesticn of
evaluation. = Their conclusions concerning achievement are
overshadovwved by the reaction of the comnmittee to the‘
evaluation procedures themselves: "gnfortunately, evaluation
in American mathematics education is characterized by use of
limited techqiques inappropriately matched tc goal assessment
tasks" (pe . 119). The committee recommended that the use of
grade-equivalent scores be abandoned. They argued that
testing samples of students would avecid the fproblem of
unjustified over-testing. They suggested that the use of
standard norm-referenced tests to assign an overall measure . of
performance was not appropriate for prcgrams with specific
goals. They'preferred the development cf suitable collections
of test items on carefully constructed, objective-directed
test scales. They concluded:

To make evaluation play a positive and effective
role in school mathematics today there is an urgent
need to develop a much broader collection of
measurement techniques and instruments and tc match

these evaluation tools more. appropriately to the
varied purposes c¢f evaluaticn. (p. 135)



Background to the Problem

In 1973 the Science Council of Canada agreed to fund
a project proposed by six collabcrating national mathematics
societies. The aim of the project was to take inventcry of
the mathematical sciences in Canada and tc formulate policy in
the national interest. The study was completed in 1975 and

puklished a year 1later as Mathematical Sciences in Canad

(Eeltzner et al., 1976). .

Chapter IV of the study dealt with the +teaching of
mathematics in Canadian elementary and secondary schools. The
authors concluded that "the overall picture in Canada at
present contains so much distress, unease and confusion that
energetic steps must be initiated immediately to improve the
situation" (p. 114). This conclusion appears to be Lased on
two classes of evidence: (1) orinion expressed in briefs and
by.individuals, and (2) objecfive data.  Regarding the latter:

The most convincing objective piece «o¢f information

which was presented to +the Mathematics Study
consisted of a Report on the Testing of Arithmetic

issued by the Department. of Educaticn of British
Columbia. (pp.. 113-114)

Thi s same report also formed the main subject of the
1969-1570 annual report of the Director of +the .Research and
Standards Branch of +the British Columlkia Department of
Education (1971).1? In his report; the Directcr summarized

scne results of two arithmetic testing programs which had been

1 The British Columbia Department of Educaticn was rTeorganized
and renamed the British Columbia Ministry of Education in
1976-77. . The terns "Department” and "Ministry"® are
interchangeable in this study. .
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carried out in 1964 and in 1970. His summary dealt with the
analysis of responses to each test item, and with the
performance of the British Columbia students as a whole
ccmpared with their United States counterparts. He concluded
that there were evident computational difficulties that
irdicated "a need for a return to that neglected and unpofpular
procedure called ‘'repetition' or 'drili'v (pQ,G62). He
Fcinted out, however, that the students in 1964 had scored
considerably better than the United States standardization
| group and, aithough performance had declined, the 1970 British
Cclumbia scores corresponded approximately +to American test
DNOIMSe
The . study carried out by the British Columbia
Derartment of Education has been influential both at the
provincial 1level where it was used to bolster arguments for a
return to "drill", and at the national 1level where it was
cited as objective evidence of a currently unsatisfactory
state of affairs in mathematics education. To warrant such
influence it is reascnable to assume that the study was well-
documented and founded on a so0lid inferential fkase. This may

not be the case as the following discussicn will shos.

Reported Change in British Cclumbia

The 1970 Report on the Testing of Arithmetic issued

by the British Columbia Department of Education . constitutes
Appendix A of this étudyaﬂ It should Le referred tc for

details.  What follows here is a general description of that



study and a critique cf its rprocedures. .

In March 1964 the Department of Education
administered the Stanford Achievement Test, Advanced Battery,
Partial, Form L, to the populaticn cf Grade 7 students of
British Columbia. £ Completed forms were returned Lty 29 204
students out of an estimated enrolment of 29 533.. The
Stanford Achievement Test has a long history with @many
revisions dating back to 1923. The edition used for the
British Columbia study was the 1953 revisicn which was
standardized in the spring of 1952 . ¢cn a ncrm sample
representative by geographic region and Lty size of school
system in the U.S.A., excluding pupils in segregated Negro
systems (Kelley, Madden, Gardner, Terman, & Ruch, 1953).

The content of the Stanford battery was based cn the
curriculum of American schecols of the. late 1940's.f The
battery consisted of six tests: Reading was measured Ly two
tests--Paragraph MNeaning and Word Meaning; Language. and
Spelling were each measured by a single test; Arithmetic was
measured by two tests--Arithmetic Reasoning and Arithmetic
Ccmputation. The battery was administered in four sittings,
each of approximately forty minutes duraticn, cver four dayse.
The +two arithmetic tests required one sitting each. They are
contained in Appendix B.

The 1964 testing program was undertaken to assist in
establishing reasonably consistent standards across the
province.  Each classrcom teacher received a fupil report and
a class listing. Summaries were prepared for each classroon,

each school, and each schocl district. .  Ccmputer programs were
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used to determine distributions of scores and to calculate
percentiles (Conway, 1S€4).

A random sample of three hundred completéd test
katteries was drawn with one hundred frcm each cf the upper
third, middle third, and lower third as defined by total score
on the kattery. The cne hundred papers fo; each of the  upper
third and lower third were used to calculate item difficulties
and validities for all the . items c¢n the six tests. The
difficulty value was defined to be the percentage of the two
hundred respondents who either failed to respond to the iten
or who gave an incorrect response. The validity figure for
each item was determined by subtracting the percentage of
respondents in the lower third sample who responded correctly
from the percentage o¢f those in the upper third sample who
responded correctly.. This is abbreviated as U-L% in the
report. These two calculations aprpear to have been custcmary
with the Research and Standafds branch in all its testing
programs. . The three hundred test papers were filed along with
data sheets showing details of the tabulations and
calculations,

In May 1970 the Department readminisfered the two~
érithmetic tests from the same battery to all Grade 7 students
in British Columbia. From the westimated 40 252 students
enrolled, 38 377 completed forms were returned. "The purgose
of the second administration was to determine the changes that
had occurred in achiévement in the ordinary arithmetic type of
item" (British Columbia Department of Education, 1970, p. _ 1)

A procedure similar to that cf 1964 was followed in
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analyzing the data in 1970. It is not clear, however, wkether
an analysis was made for each classrocm, school, and district
as in the previous administration. Modal-age grade
equivalents based on the 1952 U.S. norms were again determined
for the population.  The excess .over U.S. modal-age grade
equivalents was found to have dropped by 0.9 years on the
reasoning test and by 1.1 years on the computation test.

Validity figures for each item were determined as in
1964,  Again three hundred papers were drawn as a stratified
random samples . This time, however, the cne hundred rapers for
tke middle third were used as well as the one hundred for each
of the upper and lower thirds for determining the itenm
difficulties. The tables on pages 5 and 6 of Appendix A set
out the values obtained on the two administrations. .

With respect to the item analysis all that has been
discussed to this point is the computational procedure. Now
the essence of the prcblem may lte delineated. The purpcse.of
the 1970 program was to assess change in performance since
1964, This was domne in two ways. The first was to ccmpare
the grade equivalent means. . The second was to compare the
difficulty of each item as determined in 1964 and in 1970. .
Ccnclusions were drawn with respect to items which had changed
in difficulty, with respect tolareas of the «curriculum which
had become more difficult, and with respect to the reascning
rrocesses of students based on patterns of item difficulty..
The question arises as to what criteria were used to decide.
that a change had indeed taken place in the difficulty of an

item. .
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It appears from the tables .cn pages 5 and 6 in

Appendix A that a change of more than 2% cn the reasoning test
and of more than 3% on the computation test was considered to
reflect a true change in item difficulty. The excepticmns to
this rule are items 2 and 4 on the reasoning test and item 5
on the ccmputation test. A summary of the numbers of changes

is given in Table 1. 1.

Table 1.1

Summary of Reported Changes in Difficulty Value

Test No. . of Items Decreasing Nc.'of Items Increasing
in Difficulty in Difficulty
Réésohing 12 17
Computation 4 26

T . - = . ——— - — - ——— — - — —— ) —_— ———— —— —— — - - - - - — w WS s > - W A A — Wy B = > - "> = -

of critical importance is the fact that nowhere in
the report itself was there any menticn that the. item
difficulty values vwere determined on the basis of §gg§;g§.,
That information was 6btained only upon examination cf the
files which contained detailed summary shegts of the =sample
responses.  The 1964 figures were based on a sample of just
two hundred papers even though. a further oc¢ne hundred were
available. In 1970 the Department decided to use the
additional one hundred papers frcm the middle third to c¢btain

mcIre representative item difficulties on the 1970
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administration. . Since the figﬁres were sample based there
should have been " an attémpt to take that fact into account
when deciding which items had' significantly changed in
difficulty. A need to reanalyze the data.is clearly indicated
by this oversight.

Tables 1.2 and 1.3 summarize thé results cf the
reanalysis of the data carried out fof the present study.. The
1564 difficulty figures were determined wusing all three
hundred available papers. Item responses were tabulated
directly from the original teét papers and a cOmparison was
made with the Department's summary sheets. Scme,diécrepancies
were found. An examination of individual papers showed sone
scoring errors. In most of these cases +the item had been
designated correct although more than one response had been
marked by the student. In re-marking the ©rpapers, where the
evidence was strong that the student favoured the correct
alternative, the item was marked correct. Where it w®was not
clear which alternative the student wished the marker to
accept, the item was marked incorrect., As a result of this
prccedure a total of 35 changes were made. No item differed
from the original tally by more than 2 out of 200..  The.  sanme.
procedure was followed in recording the information frcm the
1970 sample test papers. ' Six scoring changes were made.  The
difficulty figures for each year were extended tc cne decimal
rFlaces In the Ch#* column of the tables the key is as:follows:

+ : more difficult in 1970
- : less difficult in 1970

0 : no change in difficulty.



10

Table 1.2

Item Difficulties on the Reasoning Test
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Table 1.3

Item Difficulties on the Computaticn Test
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The standard error (SE) for each item in the

reanalysis was computed from the formula:

d (100 - 4)
SE =, [ ~=momeme-
n -1
where d is the %-difficulty of the item, and
n is the sample size,

The difference of the item difficulties was

determined as well as the standard error cf the. differences,

{ V%E(BH)Z + SE(70)2 ).2 A change in item difficulty was
deemed to have occurred when the difference in item difficulty
estimates exceeded th.standard errorsa. . A sunmary of changes
is given in Table 1.4. These may be compared with the

original results in Table 1.1.

Takle 1.4

Summary of Changes in Difficulty Values
After Reanalysis of the Data

———— —— — —— — ———— - — —— — —— " - — " D D ——— " — ————— N — — . —— . w——— —— W — ——— ——— D S - — ——— i - -

Test No. of Items Decreasing No. cf Items Increasing
in Difficulty ' in Difficulty

Reasoning 2 ' ' 6

Computation 2 20

- —— - D D D D > = —— — i — ——— — — —m - =D W D W D Wy = - WP Wp A W A Wmwn An s W WD W W WP ms W W . - -

- —— s ——— — — —— — Y — . — ———— — —

2 In this study, subscripted variables are represented by
placing what would be subscripts in parentheses. .
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The Interpretation of Change

Alt hough the stated purpose of the 1970 .project was
to determine change, the Department also attemfpted tc analyze
specific weaknesses. In particular, efforts were made to
identify types of errors, for example, "zero difficulty", and
to ascribe reasons for lower performance on specific items,
for example, lack of use of analogy. Overall, the Department
arpears to have attempted to interpret change at three
different levels, .

The first interpretation of the results was in terms
of the global abilities ‘"reasoning" and "computaticn", .
Comparisons were made by determining median modal-age grade
equivalents on the two administrations.. This afpproach has
several deficiencies. In the first place, the NACOME report
(1975) recommended the abandcnment of grade-equivalent scores
for a number of reasons: they have no natural statistical
interpretation, they lead to the popular expectation that all
students should perform at grade level or above, and they are.
oren to the misinterpretation that <children scoring above
grade level «could perform satisfactorily at the grade level
indicated. 1In the second place the value to practitioners of
knowing how well their students perfcrmed on tests of
mathematical "reasoning" and mathematical "computation"
provides 1little guidance as to what acticn should be taken in
the classroom. This is particularly so in this instance since
the Department's report (1970) itself notes: "The sub-tests
overlap to a certain extent; almost all 'reasoning' items

require some skill in computation and many of the
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‘ccmputation' items require a certain amount of problem-
sclving ability" (pe..1).

A second interpretation of the results was in terms
of students' ability to answer specific items correctly. In
this instance each item is taken to be representative c¢f an
entire <c¢lass of items._  In general, for example, cne is not
interested in whether children <can <correctly determine the
value of (1/&)/(1/2) or not, but whether they can perform the
operation of division on uhit fractions.,  This raises the
problem of item peculiarity: +the results may have been
different if the specific item had been (1/6)/(1/3)e  The
current move toward mastery learning and criterion-referenced
testing in which a student responds to a number of similar
items, indicates that the use of the traditional form of
‘survey test to deal with very narrowly defined curricular
areas is inadequates .

Finally, the results were interpreted in terms of
performance in content areas. For example, the Director
concluded that "pupils ... do much more pcorly, however, in
problems involving interest rates or fractions" (British
Columbia Department of Education, 1971, p. G€2).. The Director
did not cite specific evidence to support his conclusion of
pcorer .performance on fractions;h His report did show that, of
the twenty-six items on the computation test for which the
Derartment claimed poorer performance in 197Q0, five dealt with
fractions. Yet there were four other items dealing with
fractions: on the same 'test for which performance. was

unchanged. Furthermore, there were nine more questions c¢n the
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reasoning test in which operaticns‘on fracticns were required
but none of these items showed changes in performance over
tinme, Clearly there is a problem of establishing criteria on
which to base such generalizations.

The value of grouping items cn the Stanford
Achievement Test appears to have been recognized.. In the 1973
revision of the test the publishers provide an item analysis
service (Rudman; 1977). The natiomnal "p-value", that is, the
percentage of students who answered the item correctly, is
given for each item alcng with p-values for the class, school,
and systems Each of the latter three is specially marked if
it differs significantly from the national value. The itenms
are grouped by instructiocnal objective and. item group mean
p-values determined for each of the four reporting categcries. .
For example, at the grade four level, a number of items are
grouped under  the objective "addition and subtraction
algorithms"; others, under "multiplication and division
algorithms" (Rudman, 1977, f. 181).

The analysis of change based upon groups of items
having some common mathematical underpinning would be valuakle
for the practitioner., It would identify areas of relative.
strength and weakness in managealkle curricular units.  Change
in the overall difficulty of the grougs of items could be

determined Ly comparing group means across time. .



The Problem of Scale

A fundamental requirement .underlying the calculation
of statistics such as the mean and standard deviation is that
of an equal interval scale. On such a scale equal differences
in the measures correspond to equal differences in the armount
of the underlying attribute., Physical measurement scales such
as length in centimetres and temperature in degrees Celsius
are examples. One can determine not cnly that individuals
differ in height but also by how much they differ. Ordinal
measurement, on the other hand, allows only the arrangement of
objects or individuals on a ranked basis withoﬁt knowledge of
true quantitative differences. .

The scales which underly the measurement of
achievement are not easy to <classify in clear-cut terms. .
Glass and Stanley (1970, p. 13) suggest, focr examgle, that
I.C. . scores might be called "quasi-interval". Three people
having I.Qe's of 50, 110, and 120 yield more than a simple
ranking--it would alsc be expected that the second and third
individuvals are much more alike with respect to I.Q. than the
first and second. ., Glass and Stanley do -not  ocffer
recommendations on how to deal with such measures.

Ahmann and Glock (1971, p. 246) give a hypothetical
example of a standardized vocalulary test c¢n which two fpairs
of students achieve raw écores of 68 and 88, and 17 and 437,
respectively. They pcint out that it is unlikely that the 20
raw-score unit Qifference in each case is indicative. of the
same true spread in vocabulary: "It is all too true that

educational measurement habitually yields scmewhat unequal
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units" (p. 246). They suggest that the increase from 68 to 88
is 1likely a greater achievement than an increase frcm 17 to
37. "It is typical of achievement tests to find the 'rubber
units? contracted at the 1lower end «c¢f +the raw-score
distribution and expanded at the upper end" (p. 246).
Fischer (1976) states the problem more. graphically.
In Figure 1.1, the horizontal axis represents a certain
ccgnitive ability, and the vertical axis is the expected raw
score on a test which measures this ability.. The so0lid curve
is the graph of the function relating test score +to ability..
X(1) and X(2) represent the abilities of two children before
"treatment" and X(1)* and X(2)' represent their abilities
after treatment. Assuming that they have derived exactly the
same benefit from the treatment, the -differemce imn their

abilities is constant.

|
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Raw Score
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*2 Ability

Figure 1.1. A hypothetical example of the relationship
between raw score and ability..
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Although +the benefit c¢f treatment is the same for
each individual the raw score difference will not reflect this
fact.  Since D(1) is greater than D(2) the lower ability child
will appear to have gained much more.. If, however, the easy
test items are replaced by more difficult ones the function
relating ability and test score might be +the dashed curve..
The corresponding raw scores would show d(2) greater tham d (1)
imrlying that the higher ability person shows greater
improvement. Hence the interpretation ‘of raw scores is
dependent wupon the distributicn of the difficulties of items
making up the test.

Kerlinger (1964, p. 427) adopts a pragmatic point of
view. -He suggests that the best procedure is to treat ordinal
measurements as though they were interval measurements except
for the case of gross inequalities of intervals. He further
advises that the-interpretation of statistical analyses Lased
cr interval measures where the data are basically crdinal be.
made cautiously. He suggests that the <competent research
worker should be aware of transformaticns which can change
ordinal scales into interval scales when there is serious
doubt as to interval equality. .

If one is willing to assume that the normal
distribution underlies the observed variable measures, the
rroblem can be resolved.. Standard procedures can be used to
perform a nonlinear +transformation of raw scores (e.g.,
Magnusson, PPe . 235-238) - . However, Stevens (1951)
characterizes such usage as an act of faith, pointing out

that: "It 1is certainly not unreasonable to believe that this
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faith is often justified. What haunts us is the difficulty of

knowing when it isn't" (p. 41)..

An Alternative Approach

In 1960, Georg Rasch of the Danish Institute for
Educational Research proposed several probabilistic models for
the analysis of intelligence and achievement tests (Rasch,
1960). The particular model to be applied in the present

study is known as the simple logistic model. Rasch, using the

results of a Danish military test, argued from his data that
items on the test <could be. ordered by. their degree of
difficulty as indicated by their percentage of correct
sclutions. He argued further that the respondents could be
ordered by their ability to solve the test items'as indicated
by their raw scores on the test. The protlem which EKasch
faced was that of setting up a model which allcwed measurement
on a ratio scale rather than on an ordinal scale. .

Raw scores or percentages based upon raw scores are
iradequate for a ratic scale in which one wishes to be able to
state, for example, that person A has twice +the ability as
person B. If 4 obtains a score of 60% and B obtains a score
of 30% and it is suggested that A has twice the ability of B,
then it is not possible, on the same basis, to determine the
score of person C who has twice the ability cf A. The same
argument applies in the case of item difficulties.

In setting up the model, Rasch considered several

desirable characteristics.  The relative abilities of two
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individuals should be uniquely determined‘regardless of the
particular item used as a stimulus., Correspondingly, the
relative difficulties of two items should not depend on the
akility of thé particular person to whom they were
administered. TFurthermore, if one person was twice as akle as
another and one question was twice as difficult as ancther,
the more able person should solve the more difficult problen
with the same "expendituré of effort"™ as the less able solved
the less difficult (Rasch, 1960, p.. 73)..

For a very capable perscn faced with a very easy
item, the probability that the person would be able to solve
the problem should be very nearly unity. Only factors such as
fatigue or boredom should result in a wrong answer. . By the
same token, a very dull person should have very little chance
of correctly answering a very difficult items Finally, for a
proklem neither too easy nor too difficult fcr the respondent,
the outccme should be uncertain, and one would expect the
probability of a correct sclution to be arcund 0.5.

In general, the probability of a correct soluticn is
a function of the ratio A/D, where A is the ability of the
person and D is the difficulty of the item. Setting A/D = R,
the problem becomes a mattef'of selecting a function of R such
that the requirements of the preceding paragraphs are. met.
The simplest function occurring to Rasch was the function
R/ (1+R). Substituting A/D for R results in the expression:
A/ (A+D). Inspection reveals that for A equal tc zerc the
probability of solving an iteﬁ is zero. For all persons of

high A meeting questicns of low D, the probability is close to
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unity for correct solutions. And, if A=C the protability is
0.5. Finally, the prokability that a perscn will pot =solve
the problem correctly is 1 - A/ (A+D) = D/ (A+D).

Rasch extended the model to a hypothetical sitvation
in which a test of k items is administered to a group of 1
persons. He found that +the model had several important
Froperties. The estimate of a person's ability, A, can be
derived solely from his or her raw score, I, regardless of
which items contributed to that score.. Secondly, the estimate
cf an item's difficulty, D, can be derived frcm the number of
times the item was correctly answered without regard for which
persons solved the item correctly (Rasch, 1960, ppe. 76-77).

Finally, for the specific problem at hand, there is
one result of fundamental importance deriving from the Rasch
model: the difficultys/ability scale is an equal interval
scale. . The traditional p-values and test raw scores serve as
sufficient estimators for assigning positicns on +the ccmmon

underlying metric both to items and to persomns.

Purpose of the Study-

The purpose  of +this study, then, ﬁas to apply the

Rasch model in an attempt +to determine <change in tﬁe

mathematics achievement of Grade 7 students in British
Columbia. This was acccmplished in several steps.

(1) The Rasch model was applied to +the data on hand

from the 1964 and 1970 administrations of the Stanford

Achievement Tests to determine item difficulties for each
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year.  Individual item difficulties were compared using a
procédure elucidated in Chapter III. Items were grouped
according to content into a number of meaningful and mitually
exclusive_subsets;, Mean item difficulties for each group were
ccmpared from 1964 to 1970 in order to draw from the data
conclusions more general +than those made pcssible by simple
item comparisons. . |
- (2) 1In order to gain some insight into the performance
of students in 1979, the 1964 and 1970 tests were administered
tc a sample of Grade 7 students in British Columbia in 1979.
The same procedure as in (1) was fcllowed in crder to assess

the extent of change between 1970 and 1¢79.

Significance of the Study

The conclusions  reached in the NACOME «zreport
emphasized the need for tetter means of measuring change in
achievement. In the 1literature viewed prior to this study,
the application of the Rasch model to the rroblem had not been
attempted. In theory, the Rasch model has a number of
characteristics which make it particulaxzly suitable for
measuring change. By investigating a real situation, this
study reveals some <o¢f the advantages and difficulties of
arrlying the model.

In addition to contributing to the art of change
analysis, the study should provide useful information on the
state of mathematics achievement at the end of elementary

school education in British Columbia. 1In helping to chart
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real change iﬁ mathematical performance it should provide data
for curricular emphasis or alteration. The findings of the
study are a useful supplement +to +the British Columbia

Mathematics Assessment (Robitaille & Sherrill, 1977)..
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CHAPTER II

REVIEW OF THE LITERATURE

The review of the literature is divided 4into two
major sectionss In the first secticn, the'methcdology and
findings of previous attempts to measure change in mathematics
achievement in the elementary grades are cutlined. In the
second section, the Rasch 1logistic model is described, and
studies related to controversial issues surrcunding the model

are discussed. .

STUDIES ON CHANGE IN MATHEMATICS ACHIEVEMENT

The paucity of informaticn relating +tc changing
student performance in Canada was noted by Hedges (1977):
! The] widespread argument c¢n the question of
ccmparative student achievement is aggravated by the
almost total absence of long-term evaluation studies
based on standardized tests. (p. 3)
The few measurements of change in mathematics

achievement have generally been carried out on three distinct

levels: (1) school district, (2) provincial or state, and (3)
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national. Fach of these will be considered in turn.. Because
Canadian curricula and methods have always closely paralleled
those in the United States, pattérns of achievement among
American school <children have been used tc yield information
on the Canadian situations This fact is of particular
importance at +he national level, where nc Canadian studies

existe. .

Studies at the District Level

Hedges (1977) carried out a study of achievement in
language arts and mathematics over a 40-year span. . The study
covered Grades 5 to 8 in the schools of St. Catharines,
Ontario. Data were available frcm testing proé;ams cendected
ir 1938 and 1952-54, each of which used the vDominion
Arithmetic Test of Fundamental Operations, 1934 edition, for
Grades 5, 6, and 7, and the Domimnicn Gioup Achievement Test,
Part II, 1934 edition, for Grade 8.  The same tests were
administered again in 1975-76. . An attempt was made to adjust
scores for <changing socio-econcmic backgrounds and age -grade.
patterns of students. Furthermore, Hedges found +that school
objectives had changed sufficiently to require the creaticn of
a "fair" test for 1976 which better reflected the arithmetic
portion of the curriculum. By ccmparing the adjusted nmean
test scores, Hedges found that students in Grades 5 to 7
performed better than their earlier ccunterrarts in
fundahental operations in arithmetic when Lased on the test of

fair comparison. On the other hand, he fcund that the 1¢75-76
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Grade 8 students performed considerably less well than the
other two groups in both arithmetic computaticn and arithmetic
reasoning regardless of whether the original test or tke fair
test was used, |

Hedges conceded‘that the results were anomalous.  He
argued that the most 1likely reascn for the conflicting results
across dgrade 'levels was the elimination of high school
entrance examinations and the consequent decrease in emfphasis
on mathematics 1in Grade 8 over the previous twenty years in
Ontario.

In a review of Hedges' research, Winne (1979)
pcinted out several flaws in the data analysis. Since local
norms were not ‘available for the St. Catharines schcols in
1934, Hedges resorted to using .median provincial norms,
arguing only that the 1lccal and provincial student populations
were similar.. Secondly, Winne found it impossible to
replicate Hedges' figures by using the described adjustment to
the mean scores. Nevertheless, Winne concluded that the
report was a healthy sign that the questicn of change was
being examined objectively. .

A shorter term study was conducted in 1974 by the
Nocrth York (Ontario) Board of Education (Virgin & Darby,
1€74) o They wished to compare the mathematics achievement of
students at that time with that cf students in 1972. To this
end, the Mathematics Computation subtest of the Metropclitan
Achievement Test was administered to samples of approximately
1500 students 1in schools that had participated in the 1972

study at each of Grades 3, 5, and 6. Grade equivalent =scores
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based on 1971 American norms‘wereAused in the analysis. For
Grade 6, the expected ﬁean grade equivalent at the time of
testing in 1972 was 6.5, while the achieved value was 7.2._. In
1874, it was 7.4. . The researchers concluded that the 1974
level compared favourably with that of 1972. .

The 1974 North York study was replicated in 1975 in
the same school district (Virgin & BRowan, 1975). A 20%
stratified random sample was chosen, with the result that 1442
students in Grade 6 were selected to write the same test as in
1972. The mean grade equivalent score wvwas 7.1 with an
expected value of 6.7 The researchers argued that the.
decline frcm previous years could be explained partly by the
more representative sample.  They also suggested that the
Changed csampling technique was partially responsible for an
increased range of schccl mean grade equivalents.

A study of Grade 3 pupils in the city of Edmonton
showed a slight decline in arithmeti¢ achievement froﬁ 1656 to
1977 (Clarke, Nyberg, & Worth, 1977). In this instance, all
Grade 3 pupils wrote the California Achievement Test
(Arithmetic, 1950 editicmn) im both 1956 and 1977. £ Twelve of
the eighty items were deemed inappropriate because of high
difficulty level or irrelevance to the Alberta curriculum, and
both the 1956 and 1977 tests were rescored to eliminate those
items. The mean rTaw score. dropped frcm 55.98 to 55.56 in
1977. At the same time, the standard deviation: increased from
557 to 7.58. . The authors suggested that the. decrease in
means was due to lower achievement on a few items which had

received less emphasis in recent years.
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Hammons (1972) carried out a stndyyin Caddo Parish,
Louisiana to determine whether any significant change had
occurred in arithmetic computation and reasoning among Grade 8
students ‘during the period 1960 to 1969. A representative
sample of 1000 to 1500 students was selected for each of the.
odd-numbered years from 1961 to 1969. The standardized test
used ﬁas the California Achievement Test. Analysis of
variance and trend analysis revealed a significant declining
trend of proficiency in ccmputational skill, but there was no
significant change in achievement in reasoning.

Hungerman (1975) carried out a study to compare the
cconputational skills of Grade 6 students in a scutheastern
Michigan school district in 1975 with those of a similar group
in 1965. Ten schools were represented, with 305 students in
196> and 386 in 1975. The test used in Loth years was the
California Arithmetié Test ‘(Part II--Fundamentals) which
contained four sections, each .of 20 gquestions: addition,
subtraction, multiplication, and division. Fifteen separate
analyses of covariance were performed, cne for each section
and one for the total computation score, using three different
I.Qs covariates. Results differed slightly depending on - the
ébvariate selected.l For reporting purposes here the "total
JeCe" will Le used.

Hungerman's results showed no‘ significant
differences in total computation scores.. However,. on the
subtests, the 1965 group was significantly favoured (p < 0.01)
on addition and subtraction,  The 1975 group perfcrmed

significantly Letter (p < 0.05) on divisicn, while the groups
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were not significantly different on multiplication.. For
~individual items of computation, the 1975 group scored highér
than the 1965.group on 10 addition items{' 11 subtraction
items, 13 multiplication items, and 16 division items. . They
also scored higher on all 33 whole number items, but lower on
20 of 30 fractionm items, and on 5 of 8 decimal items.
Hungerman suggested that a stable teaching staff and 1lack of
any major socio-economic change were positive influences in
maintaining computaticnal skills .

In an attempt to extract more information from her
data, Hungerman (1977) used profile analysis to determine
relative performance within the categories of whole numbers
and fractions. She also used median I.Q. sccres to divide the
subjects into. high I.C. and 1low I.Q. categories. Prcfile
analysis generally ccnfirmed the results c¢cf the analysis of
covariance except for division in which no significant
difference was found in performance across all items. 1In the
analysis by cdnteht, the 1975 group performed better than the
165 group (p < 0.01) on the whole. number gquestions, while
this was reversed o¢n operations on fractions (p < 0.01). .
Performance of the low I.Q. subgroup in genéral changed little
frcm 1965 to 1975; the high I.Q. subgroup ccntributed most of

the total change.

Studies at the Provincial or State Level

The 1970 study in British Columtia cited in Chapter
I (British Columbia Department of &Educaticm, 1970) examined

the performance of students at the end of the elementary
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schcol program. All Grade 7 students in the province. were
administered the Arithmetic Reasoning and Arithmetic
Computation tests from the Stanford Achievement Test, Advanced
Battery, Form L, (1953 revision).in 1964 and 1970. In 1964,
the median modal-age grade equivalents in British Columbia
were 1.8 and 1.1 years greater than the United States norms on
the reasoning and computation tests, respectively. By 1970,
the excesses over American modal-age grade equivalents had
dropped to 0.8 and -0.1 on the two tests. The authors pcinted
out that the compariscn in bkoth cases was mpade on pre-1964
ncrms and suggested that new American norms in 1970 would be
considerably lower.

Using a sample of three hundred parers stratified by
tctal score, the 1970 British Columbia report cited chances in
difficulty of items on the two Stanford tests. Particularly
on the computation test, more items were more difficult in
1670 than were 1less difficult. However, as pointed out
earlier, the conclusions were not based upcn adegquate sampling
statistics. .

In 1975, a study (Russell, Robinson, Wolfe, &
Dimond) of thé characteristics of elementary school
mathematics programs in Ontario was released. Part of the
.intent of the study was to identify apparent trends in
performance levels of students who had taken arithmetic tests
as part of a continuing testing program. The researchers
fcund only six counties in the province in whiéh standardized
tests had been administered over an extended number cf years..

In all cases some combination of obstacles made autlentic
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comparison of the results difficult.  Nevertheless, . the
irpvestigators éited performance in one of these. jurisdictions
as showing a slight decliné in Gradeé 4, 5, and 6 from 1968 to
1974. They argued , citing available statistics, that such a
decline could be explained by a decline in the mean age of
students at each grade level across that pericd of time. .

Russell et al. (1975) also asked teachers in 85
schools, selected on a stratified random basis, for their
perceptions of trends in student performance. For Grades 6
and 8, approximately three-quarters of the sample felt that
performance was either Lketter or about thé same in recent
years. About one-half of the principals of the sanme schoois,
however, felt that perfcrmance had declined. On the basis of
the questionnaire and the limited standardized test
information available, the ‘researchers argued that it was
reasonable to conclude there had been no decline in standards
on a provincial level in the period 1965 to 1975.

In Nova Scotia, a long-term study cf <ccmpetence in
basic educational skills was carried. out from 1955 to 1974
(McDonald, 1978) ..  The Metropolitan Achievement Test battery
was administered approximately every three years to provincial
random samples of Grade 3 pupilss Ccmrpariscns were made on
the basis of median grade equivalent scores.. The results
indicated no decline in performance. However, since three
different editions of the tests were used--1947, 1959, and
1670--and the equating of test scores frcum cne edition to the
other was not discussed, it is difficult tc¢ +tell whether an

absolute 1level of performance was maintained, or whether the
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pupils simply performed at the same level as the norming group
in each instance.

Roderick (1973) used results on the 1Icowa Tests of
Basic Skills to compare the performance of Grade 6 and Grade 8
students in the state of Iowa in 1973 to that of 1965, 1951-
55, and 1936. Comparisons were made in the following topic
areas:' whole number computation; fractional nunber
computation; decimals, percentages, and fractional rfarts;
measurement and geometry; and problem-solving. Representative
samples of schools in the state were selected. The rarticular
statistical test used was not indicated. Roderick found the
1936 student performance superior to that of 1973 in all areas
tested for each grade level.: He found +the 1951-55 students
superior - to the 1973 students in whole number ccmputaticn and
fractional number computation at Grade 6, and in decimals and
percentages, and problem-sclving at Grade 8. Students im 1965
in both grades were superior to the 1973 students in problem-
solving, the only topic included in the 1965 testing. He
concluded that the modern mathematics curriculum was seriously
deficient with respect to many long-term curricular goals.

The results in a neighbouring state, however, dc not
reflect the same patternaﬂ In 1950, Beckmann (1978)
ccnstructed a test based on the topics identified by the
Comnmission on Post-War Plans of the National Council of
Teachers of Mathematics as those which should have been
mastered by a mathematically literate perscr. He administered
his 109-item test to a sample of Grade 9 students across

Nebraska im 1950, again in 1965, and finally, imn 1975.  The
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test was administered to over a thousand students in each
caéé, and the same schccls were used insofar as possible  each
time. Beckmann found a significant gain (p < 0.001) between
1950 mean scores and 1965 mean scores. . This was followed by a
significant loss (p < 0.001) from 1965 to 1975. The net
result left the 1975 students at about the same level as the
1950 students.-

Scores in mathematics computation achieved by Grade
8 students in New Hampshire showed a ccnsistent decline on
grade equivalents from 1963 to 1967.. In an investigaticn of
whether the introduction of the modern mathematics program was
having an effect on ccmputational skills, Austin and Prevost
(1672) classified Grade 8 students into three groups--
traditional, transitiomal, and mcdern--depending upcn the type
of textbook used for teaching mathematics. Analysis of
variance carried out in 1965 on raw scores c¢cn - the Arithmetic
Ccmputation and Arithmetic Ccncepts subtests of the
Metropolitan Achievement Test showed no difference among
groups on the Conéepts subtest. For the Ccmputation subtest
the modern group performed less well than the traditional
group (p < 0.01), and also 1less well than the transitional
group (p < 0.05).. In 1967, students wrote the Arithmetic
Ccmputations, Concepts, and Applications subtests of the
Stanford Achievement Test. Analysis of variance showed the
modern group superior to the transitional group (p < 0.01) on
the Applications subtest; the modernm group superior to both
the +traditional and transitional groups (g < 0.01) on the

Concepts subtest; and the modern  group superior to the
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transitional group (p < 0.01) on the Computations subtest. .
In a follow-up study (Rustin & Prevost, 1972) the
1965 eighth-grade group was tested in Grade 10 in 1967. Tests
used were tﬁe Stanford High School Numerical Computation Test,
and the Stanford High Schocl Mathematics Test, Part A. The
only significanf difference showed the modern group superior
to the traditiomnal group (p < 0.01) on the Mathematics test..
Using the two studies as evidence, the authcrs concluded that
the type of mathematics text wused did nct differentially

affect the_ability of students to do arithmetic. .

Studies at the :National Level

In a novel approach to the problem, Maffei (1977)
sent out 600 questionnaires to a stratified random =sample of
public high school mathematics chairpersons across all states
of the United States.. Each chairperson was asked to give the
gquestionnaire to an experienced and effective mathematics
teacher, The teachers were asked to state whether the
mathematics achievement of students in their school was on the
decline and, if =so, to check the reascns for the decline.
Seventy-nine percent of the teachers sampled believed there
had been a decline.,  Most of the reasons cited for the decline
centred on the student: less self-discipline, 1lower
mathematical entry skills, lower reading ccmprehension skills,
and higher absenteeisn. The respondents also felt that
mathematics teachers vwere less likely to set minimum academic
pass standards:

A major study (NAEP, 1975) of +the mathematical
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skills of American children and adults was carried out in
1972-73 by the National Assessment of Educational Prcgress
{NAEP). This organization was founded +to survey the
educational attainments of persons at ages 9, 13, 17, and 26
to 35 (adult) in ten learning areas, iﬁclﬁding mathematics. .
Over 90 000 individuals, statistically representative of the
tctal population of the United States, were surveyed. The
emphasis in the statistical analysis was at the. 1item 1evel,
that is, on the percentage. cf resrondents who correctly
answered each item: The proportions of the most identifiable
common errors for each age group for each exercise were also
rerorted. .

Although the NAEP data were intended tc frovide a
taseline for future assessments in achievément, comparisons of
the results were used 1in one instance tc draw ccnclusions
about the influence of the modern mathematics prcgrame .
Carpenter, Coburn( Reys, and Wilson (1975) pointed out that
the 13- and 17-year-old groups would ‘have been taught
throughoﬁt their school careers under the modern mathematics
program, whereas the adult populaticn would not. They argued
that a detrimental influence of the new program on
ccmputational skills would be indicated if tle younger grocups
performed less well +than adults on ccmputational questions.
In fact, the 13-year-olds performed almost as well as adults
on most computational tasks, and the 17-year-olds did Letter
than the adults. Hence, they argued, no detrimental influence
of the modern mathematics program was evident. .

Finally, the general description of +the +tremd in
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mathematics achievement ' stated in the NACCOME report {1975)
provides a succinct summary of the studies to that time.  The
project team attempted to collect enough data to determine the
truth or falsity of the <charges of declining student
competence in mathematics. They examined achievement daté
frem four major sources: state assessnent Legorts
(particularly ©New York amd California), rerformance on
standardized test batteries and reports cn norming samples
frcm developers of standardized tests, research studies such
as the National Longitudinal Study of Mathematical Abilities
(NLSMA) , and the National Assessment of Educational Procress..
They came +to +twc brcad conclusions: (1) there has Lkeen a
tendency for traditional <classes to perform better on
cconputation while modern classes do better in comprekension,
and (2) mathematics achievement has shared 3in the general
decline in basic scholastic skills since 1960, They noted,
however, that the national picture was more complex than
apologists or critics wculd make it out to be.

The studies cited are summarized in Table 2.1. .



Findings

Investigator Time Span Region Grade Content Statistic
& Year Level Used
Hedges (1977) | 1938/54/76 St. Catharines, 5 - 8| computations & adjusted mean Grades 5 ~ 7:1976 21954 >1938
Ontario reasoning raw scores Grade 8: 1952 >1938 >1976
Virgin et al. | 1972/74/75 North York, 6 cdmputations mean grade 1974 >1972> 1975
(1974,1975) Ontario equivalents
Clarke et al. | 1956-1977 Edmonton, 3 mathematics mean raw scores slight decline from 1956 to 1977
(1977) Alberta achievement
Hammons 1960-1969 Caddo Parish, 8 computation & ANOVA 1960 > 1969
(1972) Louisiana reasoning
Hungerman 1965-1975 School district 6 computations ANOVA & profile +,-: 1965 >1975
(1975,1977) (Michigan) analysis + , whole #'s: 1975>1965
B. C. Dept. 1964-1970 British Columbia 7 reasoning & median grade 1964 >1970
of Ed. (1970) computation equivalents
Russell et al.| 1965-1975 Ontario 6,8 | mathematics mean raw scores &| no change
(1975) - achievement questionnaires
McDonald 1955-1974 Nova Scotia 3 computation & median grade no change
(1978) concepts equivalents
Roderick 1238/53/73 Towa 6,8 |basic arith- 7?7 1938 >1973 (Grades 6,8)
(1973) metic skills 1953>1973 (Gr. 6: whole #'s, frac.)
. ) 1953 >1973 (Gr. 8: dec., prob-solv.)
Beckmann 1950/65/75 | Nebraska 9 basic math. t tests 1965 > 1950
(1978) knowledge 1965 21975
Austin & 1963-1967 New Hampshire 8 computation, ANOVA Mod >Trad (computations)
Prevost concepts, & Mod > Trad, Trans (concepts)
(1972) applications Mod > Trans (applications)
Maffei (1977) |unspecified| U. . sec. | math, achieve. | questionnaire 79% of teachers believed decline
Carpenter et 1965-1973 U. S. A, 8,12 cohputation logic based on no detrimental effect of modern
al. (1975) item analysis program on computational skills
NACOME (1975) | 1960-1975 U, S. A all | mathematics meta-analysis overall decline in mathematical skills

traditional ? modern
modern Ptraditional

in computation
in comprehension
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THE RASCH LOGISTIC MODEL

In a concise exposition of the model, Rasch (1966a)
indicated that there were just three assumptions underlying
the model:

{(a) To each situation in which a subject (s=1,240.1)
has to answer an item  (i=1,2...m) there is a
corresponding protkability of a  correct answer
(Xst=1) which we shall write in the form

Pr {Xsi.:l}: 12\5;5.» ) (>\SL EO)

(b) The situation parameter A 4. is the product of
tvwo factors,

Ast = Wy Wi
where Mg pertains to the subject and w:i to the itenm. .
(c) Given the values of the parameters, all answers
are stochastically independent.  (p. 50)

The subject parameter, g, 'is a measure of the
ability of the subject with respect to the kind of itenm Eeing
answered, and may take any non-negative value, with higher
values indicating greater ability. The item parameter, wi,
which may also be any non-negative value,. is a measure of the

asiness of the item. The model may also ke set up using an

1)

§e

tem rarameter, 1/w;, Wwhich measures the difficulty cf the
item, with higher values indicating greater difficulty. It is
this form of the model which is described. in Chapter I of the
present study. In this form, by replacing &g with A(s) and

1/, With D(i), the Rasch equation reduces tc:
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P(Si) =  ====-ceeee--
A(s) + D(1)

where P(si) is the probability of subject s correctly
solving item i,

A(s) 1is the ability of subject s , and

D(i) is the difficulty of item i .

The underlying scale forA A(s) and D(i) is a ;atio scale.
ranging from 0 to +o@ .,
A second approéch is to use the equivalent logistic

form of the model, derived as follows:

Dividing numerator and dencminator .of +the <right hand
side by D(i),

A (s)/D (1)
P(sl) = ===--=ses-ccon-- [1]
1 + A(s)/D(i)
The probability of failure on the iten,

Q(si) = 1 - P(si)

1/01 + a(s)/D (i) §

The expression for the odds on stccess, 0(si), becomes

0(si) P(si):Q (si)

A(s)/D(i) .
Taking the logarithm of both sides:
In[O(si) ] = 1nta(s) ] - 1n{D(i)

And, setting 1n[A(s) ] ; a(s) and- 1n[D(i)] = d(i),

1n! O (si) ] a(s) - d()

a(s) - d{(i)
e or A(s)/D (1)

Thus, 0 (si)

Substituting intc ! 13:
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a(s) - d4a(i)

In this case, the underlying scale for a(s) and 4 (i)
is an interval scale theoretically ranging from - <0 to t+oca. .
The unit of measure for each parameter is the "logit" and, in
practice, the uswval range for each is approximately -4 to +4
logits, where negative values for a(s) indicate 1low ability
persons, and negative values for d(i) indicate easy. items.
This‘ approach and scale appear to be dcminant in the
literature at the present fime;,

4 numerical example should help to clarify the
model. = Suppose person X of ability 1.30 logits is confronted
with an item of difficulty -0.20 logits. The probability that
the person Will successfully complete the item is

F = e(1.30 - -0.20)/(1 + e(1.30 - -0.20)) = (0.82. The odds
on success for person X would be e€1.30 - =0.20) = el1.50 =
4.5, . If persons Y and Z with abilities 1.60 and 1.90 were to
attempt the same item, their odds on success wculd be el.80 =
6.05, and e2.10 = 8,17, respectively. Thus, the odds on.
success for Y compared to those for X are 6.05/4.50 = 1.35
times greater, The o0dds on success for Z ccmpared to those
for Y are 8.17/6.05 = 1.35 times greater. Hence, the equal
intervals on the ability scale of 0.30 between X and Y and
between Y and Z result in the same ratios fof their odds on
success. A similar procedure may be followed to determine the
odds on success for one perscn faced with items of varying

difficulty.
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The Estimation-of Parameters

Suppose .that the responses to a test ccmsisting of k
items are arranged in a k X (k-1) matrix with itenms
(1,2,-2,k) in the cclumns, and raw scores (1,2,.e.,k-1) in
the rows., The raw scores of 0 and k are excluded frcm the
estimation procedure since they yield no information about the
akilities of individuals achieving those sccres; the test was
simply too difficult or too easy for those. individuals. Rasch
(1566Db) deduced from his mcdel that the rcw and cclumn tctals
are jointly sufficient statistics +to estimate raw score.
(ability) and item difficulty parameters. ,Of more fundamental
imporiance, he found that the row and c¢clumn totals may be
used as . separate and independent estimators for ability and
difficulty parameters, respectively. Hambleton and Cook
(1677) , citing work done by Andersen and by Wright and Douglas
(1977a), maintain that +the mcst attractive feature cf the
model is that total test score . is a sufficient statistiq for
estimating ability.

Wright and Panchapakesan (1969) . cutlined two
ccmputer procedures for the estimation of parameters, the
first wusing an unweighted least squares procedure, and the
second using maximum likelihood. They reccmmended the latter
since, according to them, it gives better estimates and the
standard errors of estimate are better apprcximated. They set:
out an iterative procedure using raw scores and proportioné of
correct item responses as initial estimates. The method sets
the obtained matrix of responses as an ideal and calculates

the values of item and score parameters which best approximate
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that matrix.

The computer prcgram BICAL (Wright & Mead, 1978) is
based on a modification of the Wright and Pancharpakesan (1969)
procedure. The recommended 1969 procedure failed tc mention
the necessity of removing frcm the calibration sample persons
who answered all dr none of the items ccrrectly, and items
correctly answered by all or none of the persons. In either
case the parameter estimates will be infinite in extent and
cannot be handled by the program. . Secondly, the procedure as
described results’ in Lkiased estimates. The estimates of a
person's ability are confined to the raw score equivalents.:
That 1is, unlike the nearly continuous difficulty range, where
lccations can be made ever more. precise by increasing the
sample size, the number of distinct positions on the akility
scale is equal to the number of possible raw scores on a test,
that is, k-1. Each such estimate represents a central measure
of the true abilities of the persons achieving that =score..
Wright and Douglas (1977a) determined that a corréction factor
of (k-1)/k can ke applied to the biased estimates and that the
results are extremely close to the correct valuess This is
the corrected rrocedure used in BICAL.

A clarificaticn o¢f the meaning of "ability" 1is
perhaps in order at this point. For the Rasch analysis as
outlined in the preceding paraqraph, a person's ability is
simply a transformation of the raw score obtained on a test..
It is a measure of the knowledge .and skills that an individual
brings to a testing situation, It is not a reflecticn of an

underlying capacity or potential for success. . It does not

i
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measure -‘an innate quality.? Virtuélly synonymous With

"ability" in this sense is "acﬁieyement", or "attainment",
. . ‘. N N

The Standard Error of Parameters

The Rasch procedure yields estimates not cnly. cf the.
difficulty and ability paraﬁétefs, but also of the standard
error of estimate associated withieach., Classical [procedures
for dealing with itenm standard- errors differ fronm thosé
dealing with person standard e#;ofs.; Each rarameter will be

examined separately. .

Standard Error of Item Difficulties-

In the traditionmal uépproach to test analysis, the
estimate of the easiness of an item is given by the p-value of
the item, that is, the proporiibﬁ 6f correct responses to the
item, say pe.. If the true difficulfonf the item is g; the
variance. of the item is given by ._P§1 - P)/n, vhere n is the
ﬁumber of examinees. . Thus the’variance is greatest (O.ZS/n)
for test items on which half thé respondents are successful.
For items of greater or lesser difficulty, the variance is
less, and decreases tc zerc for extreme values of p, that 1is,
zero and one (lagnusscn, 1966, chép.,2).,

Larson, Martin, Searis, Sherman, Rogers, aﬁd Wright
(1573) noted that the NAEP was cdnsidering transformatiors of
scores to alleviate interpfétiﬁe .problems of change in
percentages. . If a sample from a population of respondents is

used to estimate the p-value of an item, the standard error of

the easiness estimate is given by p(1 - p)/(n - 1)._ Hence
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the standard error is a functibn‘ of sample size and itenm
€easiness. . A change of 10 percent will have different
interpretations when it is a change from 25 to 35 ©percent as
orposed to a change frcm 50 to 60 percent. .

In the classical ’model the p-values for extremely
easy or extremely difficult items are estimated with the least
standard error.. A change in p-vélue of a given magnitude thus
will be deemed significant for items at either end of the
difficulty continuum before such a conclusion is reached for
items,of average difficulty. . This situafion seems ancmalcus,
particularly in the case off difficult items on multigple-
choice achievement tests, where the element of guessing may be
important. . .One might expect a'laréer‘variaticn due to chance
fo; such items compared to .items which correspond to the
abilities of the test takers..

In the Rasch model the standard error of estimate
for item difficulty is least. for -items whose difficulty
matches the mean ability of the”sa@ple.v That is, when the
probability of passing the item is as close as possible to the
frcbability of failing for‘the,maximum nurber of rerscns in
the_sample, the most precise estiﬁéie.of‘ item difficulty is
obtained (Whitely & Davis, 19745;¢ It should be noted that,
vhile the model suggests that fheldifficulty parameter for an
item is imvariant with respect to the sample, the standard
error of that parameter estimate dépends upon the distrikution
of abilities in the sample. . Tﬁat.is, the difficulty estimate

varies in precision with the sample. ..
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Standard Error of Person Abilities

In the Rasch model the standard error of ability is
smallest fér measures derived f#om central scéres, beccming
larger as scores beccme more extreme (Wright, 1977a). Thus
the best estimate oan person's afility will.be obtained from
a test containing items for eééh éf:which the protabiiitj of
success is 0.5. . On very difficuit quésticns the ©problem of
guessing may confound the issue; on véry €asy questions the
problem of koredom may arise, . Ability rarameters again are
independent of the sample, bgt standard errors are sample-
bound, | |

Wright (1977a) stated {hat .the cléssical standard
error of a score "has thé.'%reposterous characteristic of
beccming zero at scores of zero of (sic) 100Z" (p. 112). This

Cr .

is in contrast to Whitely and payis (1974) , and Hambleton and
Ccok (1977) #who suggested'thaf fhe classical model provides a
single standard error of meagurement applicakle to all
examinees regardless of scoié;. This discrepancy may be
resolved by reference to Magnh%son (1966, chape. 6).. TWhen
classical parallel tests are éohéidered, the standard error of
measurement refers to the distriﬁution of sccres around a true
score, and is constant. for all ﬁersons.. For randomly parallel
tests, that is, tests comprisigg randgmly selected items from
an item population, the standard error of measurement «refers
to the distributionm of am individual's test true scores around
his or her population true score, 1In this case the standard
error of measurement varies achrding to score.

Regardless of varyiﬁg‘ interpretations of the
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classical standard error of measurement, ty using the Rasch
mcdel Whitely and Dawis (1576) concluded that:

Specifying measurement error for each score level,
rather than the test as a' whole, has an additiomal
advantage; ability change at different score levels
may be compared cn a comparable statistical basis. .
A typical trait test is not ‘equally precise for all
populations. Extreme scoring populaticns can be
expected to <change more than mid-range scoring
populations because of the’ greater measurement
errors for populations at the tails of the total
distribution. The standardized difference score (a
z-ratio computed by dividing the differences in
Rasch ability estimates' by the measurement error
associated with each score) ' permits comparison of
change at differemt ability levels, since ability
change is adjusted for the .individual measurement
eITors. . (pe..177) ' o

The Evaluation of Fit

There are numerous ways of looking at the problem of
whether the matrix determined Ey using the item and raw score
parameters is a . clcse enoﬂgﬁ{ilﬁa{ch tc the ob served
distribution of scores in the @atfiX;J Historically, attempts
at evaluation of fit seem to haie_been extreme, either «casual
or stripgent.,‘ |

| Rasch (1960) used siméle approximate methods (Fasch,
1966b) to determine graphically how well the model applied to
his data. He grouped respondents accqrding to raw scores into
five ability groups ranging frém log to high. He then, -for
éxample, plotted two-way graphs Af item difficulty for each
pair of adjacent score groups. K Agreement wi;h the model was
shewn visﬁally by the fact that the four lines of best fit
were parallel and had a slope négr unity. 'The difference in

.intercepts is an indication of the differences in the mean
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akilities of the group rajirse.

Anderson, Kearney, end Everett (1968) used a
procedure set out in a 1965 study by Brooks. The sanmple was
divided into six 'ability groups yielding,{forveach groug, an
estimate of eacl item difficulty ‘and the mean difficulty
across items. For each item'azt)teet was used to determine
whether the regfession of tlhe éii estimates on the six means
departed signifioantly from ;uhit slope,  1Two probakility
levels were used, 0.0%5 and b 01, the fcrmexr being the more
stringent as 1t was the fallure of flt that was being tested.

"It should be noted that Brooks (cited in Tinsley,
1871) foumnd, on his analy51svof the responses of Grade 8 and
Grade 10 students to the LorgeiThorndike Intelligence Test,
that of eight subtests, the téo subtests which fit the Rasch
mocdel best were those dealing with:gqﬁber concepts. , These are
the subtests most closely relateolto tte.subject matter of the
present study. | i |

Wright and Panchapakesen (1969) proposed a different
procedure for testing the fit of the model. For each cell in
the kX item by m non-empty raw score matrlx, a standard dev1ate
can be determined by subtractlng the estinmated expected value,
P(51), from the observed value and d1V1d;ng by the standard
deviation of the observed value, Then the statistic for
tectlng the overall fit is the chl—square statistic obtained
by addlng all the squared Qtandard deV1ates across all cells,
with degrees of freedon (k—])(m-1)., For each itenm an
agproximate chi-square statistio'cén be formed by 5umming the

squared standard deviates over . the non-enpty score gIoups,
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with -m-1 degrees of freedom. The authors cautioned against
mechanically deleting all items for some significant value of
chi-square since the test is approximate. .

The foregoing prgceaure has become generally
accepted for determining itenm %it;_ Various {erms have Dbeen
-used +to refer to it. For exémp}e,:it is called %“chi-square"
by Kifer and Bramble (1S74) and b&fFryman (1956), each of whon
rejected items having chi-squgré %élues whqse probability of
occurrence by chénce was 1es$ £h$n 0.05. .When the chi-square
value. is divided by the appfopriate nunber of degfees of
freedom it is referred to ?sr the "mean square fit", for
example, by Forbes (1976) who eiiminatéd items having a mean
square fit in excess of 2.5 a#d item-total score correlation
below 0.25. :

The magnitude of the c;itica; fit statistic cited by
Forbes (1976) is an indication fhat different procedures are
used by various authors to édeyermine. this statistic. It
appears that Forbes' value was computed acrosé groups of raw
scores rather thanlfor each raw‘ééore,, It is likely that this
stétistic is the "between grcup fit méan square" given in
BICAL (see Appendix C). The s%mé”criterion seems to have been
used in part by Hashway (1977j3qho éccepted.cnly those items
having an item fit mean équare less than 2.20 and a
discrimination parameter betweeé 0.é0 and 1.20..

The above-mentioﬁed studies cf Fcrbes (1976) and
Hashway (1977) indicate that fiigcriteria other than thé chi-
square may be used. The Ipointlbiéérial correlation may be

invoked in either traditional“or ‘Rasch procedures.  The
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discrimination index is an indicator of how well the iten
separates the high atkility persons‘ frcm the low ability
persons and 1is related to the lt:aditional point-biserial
coefficient. Wright and Mead (1978) found that fcr multiple
runs using simulated data with éxgbtiy equal discriminations
the standard deviations of observed discrimination rarameters
were frequently as larce as O,ZO,j ;his evidence casts doubt
urcn the validity of Hashway's (1§75) procedure. The issue of
discrimination will be’consideredblatér in’the chapter.

Rentz and Rentz (1958) suggested that the mean
éguare fit statistic is the _besf éingle indicator of fit..
They pointed out, however, {Léf sapple size affects mean
square values., They recommendéa {hat the, practiticner look
fér‘ relative sizes insteaé’fof absolute numbers.. They
particularly cautioned against using . prbbability values
corresponding to the mean sgua:e,nqting that With sample sizesv
sufficient to estimate parameters these probabilities will
usually be less than 0.05_,_Théy aisq made the point that the
test developer may be faced with a'décisicn to select-the-best
or reject-the-worst. That is, if there is a large.item ool
available, ome can be strict iﬁlselecting the best by using a -
combination of mean square 'énd slopg cfiteria. If, on the
other hand, a high numbe; of_itémé must be selected from a
limited number of items, a rejectethe;worst attitude.must be
;dopted. ' L |

The extreme case appeafs to'be Chcppin (1976) , one
of the first to support estabiishing item lranks based on the

Rasch model (e.g., Choppin, 1968), who stated:
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Past experience with the Rasch model convinces nme
that, for tests of typicgl homogeneity, the model
fits well enough tc be useful.,, Hence I ncw use it
on any test that looks reasonably homogenous (sic)
without too much ccncern about item fit. (p. 239)

The Need for Recalibraticn -

. A second problem emerges once criteria have been
established on which to eliminate non-fitting items. The
calibration of itenm difficultigs' is centred. cn the mean
difficulty level. If the bulk of the non-fitting items tend
to be more (less) difficult #haﬁ the mean, the difficulty
indices of +the remaining items are higher (lower) than they
would be if the items were reéalibrated as a group. Ideally,
the downward shift inm difficuity for each of the remaining
items should be a constant. ééu?1 to the sunm of the
difficulties of the deleted 'ifems divided by the number of
itemns femaining, Hence compa:isbns of the differences between
item difficulties should yield fbé same results whether or not
recalibration is carried out,;

Problems more serious than a linear shift of =scale
may exist. One might expect ﬁhailremoval of non-fitting itenms
would improve the estimates o% paramete;s for the remaining
items since the estimation proée;s‘maximizes the fit for . the
entire collection of items.L :Theofetically, the remaining
grcup of items needs to be feéélibrated‘ to dimprove the

estimates; in practice, this necessity hasibeen disputed by
seve;al researchers. .
" Anderson et al. (1968) ﬁsedltwo serarate criteria

for rejecting. items on two different tests. They found the

i
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Pearson correlation between original item difficulties and the
recalibrated values to be 0.9999 in all four cases. They
concluded that recalibration wa# unnecessarye .

Willmott and Fowieé ,(197u) concluded that the
difficulty indices of the :fitting “items were the same
regardless of whether they apéeared in the ccntext of the
entire set or by themselves., . Their judgment was subkjectively
Lased upon visual inspectiondof §raphs,w Since they did not
ccrrect for . the rescaling f@éfsr. in‘ their graphs, fheir
conclusions are, at best, unconvihéiné. |

Arrayed against these':two st;dies are a number of
others which advocate the reéalibr;tion cf items. Brooks
(cited 'in Tinsley, 1971), althughinot recalibrating his own
data, suggested that estimates Ee recalculated after deleting
nén-fitting items. Tinsley {i§71) reccomended an iterative
procedure for:item ca}ibration;“éspecially .ﬁhen, the . samgle
consists of fewer than 500 subjects. Wright and Panchapakesan
(1969) ‘stated that the finél(étep in item calikration is the
reanalysis of retained items ltq~ 6btain final difficulty
estimates. Kifer and Bramble. (1974) follcwed Wright and
Panchapakesan's advice. . Frym;ﬁ‘(ﬂ976) carried the procedure
to extremes by recalilkrating fourltimes_n
I On balance the evidence seems to indicate that
recalibration should be carrieé out;_ Failure. to do so will
not aéversely affect estima£e$_.of perscn abilities to any
degree'provided any linear scale shift is taken into account.
However, if the difficulty cf the‘ifep is the primary concern,

then any improvement in the estimate is worth striving for.



52

Implicaticns of the Model

The framework for analysis of the model set out by
kentz and Bashaw (1977) is clear and concise. . Their approach
is to consider the model.in theffogm of an IF-THEN statement,
that is, as a logical condifional;: The assumptions stated by
Rasch form the IF portion and Rasch's principle of specific
objectivity forms the THEN portioﬁ.p The clearest statement of
the meaning of specific objeétivity is contained in Rasch
(1966b) where he wuses the term to describe the situaticn in

which:

Comparisons of any two subjects can be carried out
in such a way that no other parameters are invclved
than those of the two subjects e.... [and] ... 2any
two stimuli can be compared independently of all
other parameters than those of +the two stimuli.
(pp. 105-106, italics in original)

i S

Thus the model has the form:

\

- A.'
, 1. Pr' i)(sl.:l‘& - Il_;i-; . -
' specific
IF 2. Asi= Wso @i b qpEy J -
! objectivity
3. stochastic independence - g
.

/

There are certain imglications which follow from
each of the two portions of the statement, that is, from the
antecedent or hypothesis, and frcm the consequent or

ccnclusion. . Those‘deductionsﬂwhich derive from the hypothesis

will be called antecedent conditions and those from the
i . ) - .

ccnclusion consequent conditionse.
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Antecedent Conditions

Each of the three assumpfioﬁs will be considered in
order of increasing significaqce.for‘achievement testing. .

The first assumption simply serves to édopt~ a
probability or stochastic model as'qpposed to a deterministic
model as a conveniept descriptive device. The ehoice does not
imply that, in reality, the oﬁservea phencmencn occurrea by
chance as opposed to being causally determlned (Rasch, 1966b)..
It should also be noted that the equatlon deals cnly with the
probability of a correct answer, the implication kLeing that
responses are dichotomops -~ or dichotcmizable as
ccrrect/incorrect.

The  third assumption, that cf stochastic
independence, assumes that eﬁe probability of obtaining a
particular response pattern acfess a number cf cells may be .
calculated as the product | of the individual cell
protabilities., For exanmrple, theﬁ'probability‘ that a rperson
correctly answers a pa:tichler subset of questions on a test
is determined by multiplying the, probability of success on
each of the items of the shbseﬁ bj tﬁe prokability of failure
on e€ach of the remaining items. . ?ﬁis assumpticn demands that
the itenm responses given b& dne person do not affect the
responses of any other perscn., It requires, further, that the
response given by a person to one item does not affect the
responses given to later items by that same perscn (Whitely &
Dawis, 1974) .. ‘.

Thevinter-person’indepehdence ‘suggests that under

group testing conditions there is no copying cr cheating. The
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inter-item independence conditicn precludes the use of multi-
rart questicns on which the answer to one secticn influences
decisions to be made on another.. It also implies that the
test is a test of power rather‘thép,of'speed. For a subject
who fails to complete the test{ the responses to the omitted
items may be thought of as inter-dependent since they, as a
grcup, relate to a particular ektgfna; phenomenon.

Care must be taken t§ eliminate the influerce of
speededness on test Iesponses,i Tﬁére is the usual problem of
interpreting subject intentions on any omitted item: does the
person not know the correct answer or is it simply a case of
lack of time to give a responSe,m Rasch (1966a) indicated that
his model adequately degcribed twé subtests out of four
analyzed. He subsequently discéveréd that in both cases of
failure the =subjects were unaé; time stress. When sukjects
were.stratifiéd by overall working speed, the model applied.

The first and third aséumptions generally set the
stage by  specifying - the type;‘of model (stochastic versus
deterministic) to be used, andbby;sétting cut basic conditions
for test construction and admiﬁisératidn.

The second assumption is the one which leads to the
greatest controversy and whiéh has generated the largest
amount of empirical research_i' Genefally there are three
topics of interest deriving from assumption. number two: (1)

the <concept of unidimensionality of the ability  being

measured, (2) the influencef of quessing on multiple-choice
tests, and (3) the question of item discrimination. Each will

be considered in turne. .
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The unidimensionality condition

Rasch - does‘ not appear ~to have used the tern
"uypidimensionality",  That term seems to have been imposed on
the model when it HaS‘subsumed‘dﬂdér_the4rubric "latent trait
theory" by latent trait theorists (e.g., Birnkaum in lord &
Novick, 1968).. it means simply that all the items
ccnstituting a te;t are homégenous in tpe sense that they
measure only a single ability (ﬁaﬁbleton & Cook, 1977). The
demonstrability of this conditidn!is open tc guestion. .

Hambleton and Cook 1(1977) suggested that factor
analysis of the test itemsl‘hiéht pfovide evidence for
clustering items on one'dimehsion.l Wright_(1978), ho wever,
maintained that factor analysis‘is not a valid indicatcr of
dimensionality for +the model since the stability of sugposed
factors over samples is weak.l furthermore,. Rentz and Rentz
(1978) pointed out that someAéf the test ccntenf in various
studies reported appeared to hé?e_ heterogenous and multi-
dimensional - content, yet thé: ﬁodel with dits dimplied

They maintained that

unidimensional condition was applicable,.
factor analysis is not satisfaqtofy sinée.it is itself a model
with its own concepts of dimensioﬁality., They also stated
that there are no adeq&ate. ‘éreliminary tests for
unidimensionality; the direct £est is'the.fit of items to the
model. |

| Rentz and Rentz (1978) stiessed the necessity for
using care in dealing with"ébilities which may kLecome
differentiated with progress through schccl. . Fcr example,

-mathematical ability in the lower grades may separate. into

!
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arithmetic competence and algebraic ccmretence in later
grades. If items from both sgbject areas are to be calilkrated
together it must be done on a calibration sample that has had
the opportunity to learn both_;f ihe,measurement must be done
within a frame of reference wﬁiéh requires joiht applicability
of persons and items. . . |

The interpretatiomn of unidimensionalitj put fcrward
by Whitely and Dawis (1974) .is perhaps. the most useful in
visualizing the concept.. Suppose that the = matrix of
prokabilities for the cells oé agtest of k items aprears as in

Figure 2.17. ' Suppose also that the items have been ordered by

increasing difficulty. .

Itens
1. 2 3 Ceeeeees k
Raw 1 P11 P12 P13 eee 21k
Scores 2 P21 P22 P23 Cewe Pzk
3 P31 . P32 P33 PP P3k
k-1 P(k=1)1 E(k=1)2 P(k-1)3 .. E(k-1) k

Figure 2.1. Raw scores by item matrix.

te

i



57
Unidimensionality requiies that items are crdered in
the same way within each score group, that is, |
Pi1 > Pi2 > Pi3 > ... > Pik,
and that each item orders subjects by ﬁembership in a score
grcup in the same way, that is,
P1j < P2§ < P37 {1;;,lk< P(k=1) 7 «

{

The influence of quessing -

~The model assumes t?éf the prckalkility of a person
with very low ability ccrrectlyfanswering ah item c¢f average
difficulty is near 2zero. . This condition may well apply to a
test comprising open-ended'queéticns only, but the. situation
becomes complicated when multipleechqice questions are used. .
Rasch (1960) recognized the.probleﬁ but;did nct deal with it
effectively, He analyzed two muitiplefchcice tests, arguing
in one case that "it becones possiﬁlé‘to change the test form
from multiple choice +to fgeé 'éﬁswers" (pe 62), and. in the
second case "yith so many ansJeré'offered the deficiencies of
a multiple-choice test are practieéllyveliminated“ (Pe . 0Z)o.

Other latent traif models attémpt to estimate a
separate "guessing™" parameter‘for each item to account for
item misfit at +the low ehg‘-of the. ability continuum. .
Hambleton and Cook (1977) note that estimates of such a
parameter generally are. smaller than expected if the
assumption is made that low abiiity examinees guess randomly
on high difficulty itens. . They cite Lord (1S74) in suggesting
that this is probably due to fhé ability of item writers to

develop attractive but incorrect alternative answers.
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Before considering the problem of guessing furttker,
it may be instructive to introduce the ncticn of the itenm

cha;acteristic curve (ICC). This. is the function that relates

the prpbability of success on én iteﬁ to theiability measured
by the test of which it is éﬂpart (Hambleton & Cock, 1577)..
In Figure 2.2, curve A is the item characteristic curve.for an
item of difficulty -1; B is theacgrve for difficulty 1.5.. 1In
each case the. probability is 0.5 that a person with akility
matched to the item difficulty will succéed on the iteme. In
all cases, .regardless of éhe ability 6f an individual, the
prokability of success is higﬁer on ifem A than on item B

since item B is more difficult.
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Figure 2. 2. .Item characteristic curves (ICC's)..
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In the Rasch model all ICC's héve the same share. A
mcdification could be made if a guessing parameter were to be
inciuded in the model. . Tyéicai curves for five—-alternative

nultiple-choice items wight be as shown in Figure 2.3..

@)

Prob. of Success

Y

Figure 2.3. ICC's with a guessing parameter.

In e€ach case the <curve asymptotically approaches

scme hypothetical lower limit wﬁich is a functicn of the

nunber of alternatives. - Such a‘'model might have the form:

a(s) - d(i)

where g is the asymptotic intercept on the probability

axis for the item. The values of g may differ across items
o
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depending on hoWw much guessing each item provokes, Wright
(1S77a) made the observation that if one allcus a parémeter to
measure the guessiﬁg pctential‘oﬁ an item then a comparable
pefscn parameter representinq”a;perSOn's inclinationlto_guess
might equally well be admittéd., He argued that such
additional parameters "wreak havoc with the logic and practice
of measurement" (p. 103).. -

Waller (1975) devised a procedure to remove the
effects of random guessing by eliminating correct responses in
the matrix for items deemed féo. difficult for particular
ability =~ examinees. . The procedure. is an iterative one
requiring successive calihratiohs‘usiﬁé increasing values of a
cut-off value for the p:obabilfty thaf an item is ansvered
correctly by chance alcne, nglér féund that the overall chi-
square value for testing the ?fif first decreased with
increasing cut-off probabilify and then increased. The
minimum chi-square pinpqinted ihe,reéuired probakility levels
for best estimation of item 'difficulties. Simulated data
verified the effectiveness  of tﬁe frcpesed fprocedure. .
Notably, although Waller ackndwle@ged his debt to Wright for
advice, the procedure has néf? beén ipnccrrorated into the
latest version of BICAL (Wriéht GVMead; 1678) .

Panchapakesan (1969), uéiné Simulated data, progosed
a model which would provide for ‘"intelligént" guessinge. In
her model the number of distractors eliminated by an examinee
was a function of the. probaﬁility that he or she would
correctly ansvwer the  item. Thélprobability levelsbat which

the number of effective distractqfs changed was arbitrarily
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set. Simulations of a Zo-iieﬁ rultiple-choice (5
alternatives) test with é sample”{size .of 1000 and varying
ranges of abilities were carried out. She concluded tkat.if
" the calibrating sample was able e;ough the effect of guessing
would be negligible (p..112),. Shé cited FKoss (1966) who also
found guessing to be a negligible factor in his research, and
she suggested that may have ﬁegh so because the average
ability of the subjects was Qreater than the average
difficulty of the tests. |
Panchapakesan proposéd th; following critericn for

eliminating examinees from the calibration samgple:

If r = - ¢+

where k is the number of itens,

[1=]

is the numker cf alternatives, and

r is the score below which examinees are €liminated. .

In her equatiocn, k/m is'thé expected score based on
random guessing, and k{(m-1)/m2 is the variance of that score.,
Thus the procedure eliminates scoresylesé than two standard
deviations above the expected score due to random response by
all examinees, . It is difficult to reconcile = this
recommendation with her stated initial intentiocn of allcwing
cnly for "intelligent" guessing. . Nonetheless, the procedure
appears to be reasonable, andf provides a straight forward
guideline for all multipie—choiée fests.c

Tinsley and Dawis (1975)‘acknowledged the possible
effects of guessing on itemﬁcalibration._ They referréd to

Panchapakesan's criterion but decided, on the basis of their

4
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initially small sample sizes (89 to 319, mode 269), not to
follow the recommended proce&ureQ Wright and Mead (13978)
suggested that, in achievement tésting, it is desirable to set

the lower 1limit "somewhat above the guessing level" (p. 65)..

i

|
‘.

. Ihe guestion of item discrimination
' As previously outlined thé Rasch moael assumeés all
item characteristic curves have tge same shape.. This nmeans,
in terms of +traditional itéﬁ énlaysis, that all items have
equal discrimination. Whitely'énd Dawis (1974) interpreted
this to mean that the rate at whiéh.the prokability of passing
the items increases with tbéél s%ore must be equal for all
items (p. 166).

Again, as for guessing, a modified model <could be

set . out with item discrimination as a parameter. For example,

if ¢ is the discrimination parémeter, then the model might be:

ca(s). .- d(i)

Typical ICC's for - this ‘functicn might be as shown in Figure
2.4, | o

In Figure 2.4 item A has the typical Rasch shape,
and the value of ; is unity. The value of ¢ for item B is
greater than wunity, hence it bette: distinguishes higher
ability examinees from those of iowgi ability. For item C the
value of ¢ is less than unity;.it‘discriminates less well than

item A, The measure of item discrimination is a function of



63

Prob. of Success
O
S,

O
@)
-4

| . :
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H %2 Abil ty

Figure 2.4. ICC's with a discrimination parameter.

the slope of the ICC at the point where the prcbability  of
success is 0.5.

.Admitting a rarameter for item discrimination
complicates the model even more than allowing a guessing
parameter. The Rasch model requires that any individual
stands é better chance of succeeding on an easy item than on a
difficult one.. In Figure 2.4 tﬁis does nct held. Individuals
with ability a(") will.likely‘ab better on. item C than on item
B whereas for individuals with ébility a(2) that situation is
reversed, . |

Unfortunately for the Rasch model, items do differ in
their discriminations. The loﬁe; limit for discrimination
values of itemslon achievement tests is zero since negatively
discriminating items are usually discarded, and the upper

bcund is likely around 2 (Hambleton & Cook, 1977).. Tke
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question then becomes cne of the robustness cf the mcdel, that
is, how much deviation the "hodél can tclerate and still
provide useful estimateé of difficﬁlty and ability.

Panchapakesan (1969) esﬁablished certain criteria
for the identificatiom of items”ﬁith deviant discriminations. .
Computer simulations indicated that hér criteria could
consistently eliminate seriously dev;ant items but they could
not identify items whose discriminatigns ranged ’from 0.8 to
3.25;, Furthermore, for a simdiatéd test cf 20 items whose
d;scfiminations ranged from 0.8 toA1;2.on a sample size of 500
the mean—squafe for overall fifzwaé not significantly lérge.
Panchapakesan also considered the questicn of the .effect of
varying item discriminations on the meaéurement of the
abilities of the examinees, , Her,éimulations showed, when item
difficulty and discrimination-weré qnéofrelated, that even for
the\ extréme range of disc:iminétion used (0.4 < ¢c < 2.53) thé
bias in ability estimates was less than the standard error of
measurement., . She. concluded, "In practical applications the
model is ':obust even when the ccndition of equal.
discrimination is not met" (p.%109)g,

Dinero and Haertel (1976) alsc investigafed the
applicability of the Rasch model with varying iten
discriminations. . Focussing h;oh the bLias imn measuring
akility, they simulated 30-itenm tééts on 75 subjects using
five discrimination variances rahéing frcm 0.05 to 0.25 drawn
from three distributicms: nofmal, uniform, and positively
skewed (the most 1likely in practice). .  They concluded that the.

Rasch calibration procedure is robust with respect to
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departures ffom homogeneity in item discriminaticn. They went
cn to discuss the seemingly counter-intuitive requirement of
equal discrimination under -the ‘Raéch model as opposed to
max;mum discrimination in the cléssical mcdel., They suggested
that, although higher discrimihatibn on an item results in
better pldcemehf of an indiiidual, this is achieved at the
cost of loss of range.. As an extreme example, an item having
perfect discriminaticn yields information about cnly a single
pcipt on the ability scale.J‘ They also "~ cautioned that
estimates of discrimination aepen& on the fit of the iten,
that is, the worse the iten fit} the larger -the error of
estimate of its discrimination may be.’

Several other studies using simulated data show
similar results.  Cartledge (i975) ‘found that items with
clopes  in the region of 0.90 £6'1.10 were treated as sirmilar
items fitting the model. She cdnclqdéd ‘that even when the
slcpes vary as much as frem 0,80 to 1,20 the model is robust. .
The results of Hambleton (1969) accard with Cartledge's first
finding; indicating that a_ranée of 0.20 yields consistent fit
to the model. However, when gﬁessﬂng'was also introduced as a
parameter, Hambleton found consistent rejection of the null
hypothesis that the model fit‘éhé datae.

On the other hang, asxpréviously mentioned, Wright
and Méad (1978) found that simuiateq runs using exactly equal
discriminations frequently | jieldéd cbser&ed standard
deviations of the estimates és lafée as 0;20.\ The inference
which might be drawn is that a range c¢f 0.60 +to 1.40 is

acceptable,
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In an application of the model tc actual results on

objective achievement tests, includ;ng mathematics, Soriyan

(1971) found that discriminatiop indices pf items fitting the

mcdel;werevquite unequal, in the fange of 0.50 to 1.25. It

should be noted that this pieéé:of research differs in kind

from that on simulated data,l‘ In the latter case. the

discrimination parameters are known , in thé former the values
are those estimated after fitting the .model. .

Consequent Conditions

The préceding four sections were concerned with
.implications deriving fronm the  assumptions, that is,
antecedent conditions. They dealt with individual items and
item fit to the model.. Implicétions following from the
consequence of the model, that is; of "specific objectivity",
héve been termed comseguent conditions;“ They deal with =sets
of items and persons, that is; wiﬁh tests and samples , and
lead to questions of test fit.. The two ccnsequent conditions
in | particular to be invesfigated are ‘“sample-free iten
calibration" and "test-free persoh calibraticno", .

1

Sample-free item calikration

One of the comsequent dQnditions of *the. model is
that estimates of the difficulties of items can be nade
without regard for : the: abiliti’ésj of +the persons 1imn the
calib:ating sample. More cor;ecfly, difficulty estimates are
made by taking into account the diétributicn.cf the abilities

of the persons in the sample, théreby freeing the difficulty
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estimates from the particulars of the abilities (Wright,
1567) . . Considerable research has been <carried out to
determine whether item calibraticns made using real persons
ccnform ‘to the model.  The studies which follow are cited
chronologically im order to show the progressive .nature of the
research. |

In 1964, Brocks (cited‘iﬁ Tinsley, 1971) analyzed
the results of 509 Grade 8 studenés and 544 Grade 10 students
on the Lorge-Thorndike Intelligeﬁce battery.. The battery
comprised five ve;bal and three non-verbal tests made up of
rultiple-choice iteﬁs with five alfernatives. Brooks ©plotted
difficulty levels of all items on the test as determined from
the Grade 8 sample against those difficulty levels determined
from the Grade 10 sample, He devised his cwn statistic for
determining the fit of the points to a st;aightiline with unit
slope and concluded that the difficulties were invariant with
respect to the ability of:thevcélibrating sample. . Tinsley
(1971), however,4believed that it Qés not rpossible +to judge
the gquality of Brooks! conclusion:since the significance of
Bicoks' statistics could‘not be:eva;uated.d

| ‘Anderson, Kearney, and Everett (1968) analyzed the
resﬁonsés to a 45-itenm inteifigence type screening test for
recruits to the Australian armed forces..  Sample sizes were
608 and 874. The Pearscn producifmoment correlation between
e;timated item difficulties was 0.958, indicating difficulty
invariance.,  When ncn-fitting 3items were 'removed and the
analysis repeated, the corrélation ‘between the original

difficulty 1level and the recéiib:ated values was 0.9999 for

N
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all cases. The authors cited this as evidence that it is not
necessary to recalikrate iten d;fficulties after deleting non-
fitting items.. The sample of 608 was Lroken down into six

ability groupings and item difficulties were determined for
each group. The correlation between item difficulties by
groups and by total size was 0.,996. . The authors concluded:
Invariance in Rasch's ‘ﬁddel aprears to be
established, in that neither the sample from which
the scale values were derived, nor the presence  of
items that failed to meet! the model, appears to have

any real influence on the resultant scale values..

Tinsley (1971) appliea:tﬁe model to analogy tests.
He made ten compariscns betweén various tyres of recspondents
on four'different types of analbgy; tests with sample sizes
ranging from 89 to €30.. Based on Pearscn product-mcment
ccrrelations he concluded that . si% of the tén comparisons
(r 2 0.88) supported the hypothes%s of difficulty invariance. .
In two cases the sample sizes Qéréldeemed too small, and he.
suggested that +the other two cases may have been invalid
because of the test ccnstrucfion 'procedure,, Tinsley also
concluded that the deletion of hon—fitting.items inc¢reases the
invariance of the item difficulty egtimates..

Passmore (1974) applied the Rasch model to a large
sample (6287) of nuresing studé#ts who wrcte the twc-part
National league for Nursiné hAchievement Test in Ncrmal
Nutrition. Two subtests of. itéms fitting the -model were
identified and two non—cverlappiné sambles were determined for
each subtest by dividing the scores at the median sulbtest

score. The item difficulty estimates correlated 0.994 and

0.997 for the two subtests, respééfively._ Passmore also noted
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that the differences between the two difficulty estimatés for
each item were not more than 2.0 standard errors of estimate
for the 40 items on one subtest and no more than 1.25 standard
errors" for the 65 items cn thévcther,, He concluded that the
Rasch model was found to proviaéféamgle-free test calikration.

In é 1976 study to ‘determine the =smallest ‘sample
size which would yield reliable item difficulty calibrations,
the ©Northwest Evaluaticn Associétion ({NWEA) <c¢f Portland,
Oregon used the responses of 1400 students +to a Grade 4
mathematics test (Forster, Ingebé, ‘8 Wclmuf,_ undated (b)) ..
Five random samples were dfawn "for each of four different
sample sizes: 50, 100, 200, and 300.  The mean calikrated iteh
difficulties for each samrle sizé %ére correlated with those
for the total group of 1400 studeﬁts_, The standard deviation
of the item difficulty values for each sample size was divided
by the standard deviaticn of the.difficulty values determined
by wusing the entire group ofv1u06 respondents. These ratios
were compared to the value cf ﬁnity, which should aprly. if the
metrics are equal. A third stgtistic used in the comparison
was the absolute "value of .thev difference between the two
estimates of difficulty values;&icénclusicns regarding sample
size will be indicated later;‘here the main point of int;rest
is the diversity of procedures ﬁéedlin the ccmpariscn.

The NWEA also carrieav out a study to determine
whether item difficulties couid be determined without randon
sampling (Forster; Ingeto, 8ﬁtwélmut, undated (a))e.. The
researchers divided thelsamplé of 1QOQ students on a Grade 4

reading test in two ways: (1) above average versus Lelow
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average, and (2) inner-city students versus others.. Cn the
kasis of what they <called "restricted ccrrelations" they
concluded that randcm. samples were nct required.  This
conclusion was confirmed in a replication study on 4000 Grade
4 students in reading and ;mgthematics, and 4000 Grade 8
students in reading and mathemétics,u

Hashway (1977) criticiéed procedures for testing-the
difficulty invariance ccnditionﬁas indicated in the research
to that date on ‘several counts., He stated that the use of
simple bivariate ©[plcts was inadequate sipce no tests of
significance are applicable. Oi more. importance, he contended
that +the éorrelétion coefficiept was nct the approrriate
stafistic (p. .42) .  He argued that the existence of a _high
correlation or a similar r;n?! ordefing does not imply
equivalence of raw scores. . To Qvéfcome this problem Hashway
suggested a different proéedure' for testing +the iten
difficulty invariance property;g ﬁe pfoposed looking at the
regression equation between difficulfy estimates:

d(ik) = b(1)d(ij) + b (2)
where d(ij) and d(ik) areit?é'esfimated item difficulties
based on sample gréhps ﬁ and k,
b(1) is the slope of fhé regression line, and
b (2) ié the interceptrbf the regression line,
becth of the latter parametérs éstimated using a least squares
procedure. | |

If the item difficulﬁy estimates are equivalent then

b (1) should not differ significan£1y from 1.0 and b(2)_ sﬁould

not differ significantly from 0,0, The sufficient statistic
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for testing each hypothesis is thézi statistice Hashway used
this procedure to reanalyze data reported by Whitely and Cawis
(1976) in which they, by épblying an analysis of variance
procedure, had found against the ifem. difficulty 4invariance
-property..  Hashway's analysis negatéd the conclusions set out
by the original investigatcrs._'.‘i

Hashway (1977) appliéd the regression procedure to
his cwn research.  He constr#cted two mathematics tests and
administered each to samples ofiIrish students at twc 1levels,
aprroximately Grades 6 and ;, énd at two times, fall and
spring. Thus for each test‘fouf calibraticns were available
with twelve different paireq vcoqurisons possible., At the
0,05 level of significance he. féu#d ncne of the =slopes
differing from unity and none Sf thé intercepts differing from
Z€IO0e Furthermore he ’fouﬁd ;ﬁa£ the maximum observed
difference of item difficulties for each item on the. four
calibrations to be less than 1.6 times the smallest standard
error of the item's four diffiéﬁlty‘eétimates._ This ccompared
favourably with an expected 10% 6f'the items which would have
occurred on the basis of randop érror alcne. He concluded
that the item difficulty invariance property holds.

In the discussion %5f his results Hashway (1977,
pe . 148) expressed ccncern overbthe prccedure. . He suggested
that the approach he used may be a necessary but not a
sufficient condition for item difficulty invariance.. He
suggested an alternative proéédqre,based on the aralysis of
standardized difference scores.,‘ihis procedure paralléls that

to be elaborated in the next secticn of the rpresent study..
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Finally, Rentz and FEentz (1978) expressed the
fcllowing caveat:

One should regard "sample-free" and "item—free"
with a 1little discretion,, Items cannot just be
given to any group of people; the samrle must be
comprised of appropriate people., We <can not
calibrate algebra problems on 2nd-graders; whether
we calibrate +thém cn 8th graders depends cn the
experiences of the 8th- graders.,' Items with which
you intend to measure : .9th-graders should be-
calibrated on people with, 9th-grade experiences.
While we do not have tc pay partlcular attentiocn to
representativeness of the sample. in any kind of
strict sampling way, K we have ‘to exercise good’
judgement to make sure the' Sample is appropriate.
There is usually no reascn 'why .cme can't get a
sample that is reasonably. representatlve.“ If in
general the grougr is appropriate in terms of the
people for whom the test is:. designed, then the
particular sample does not matter. (f. .26) ‘

Test-free person callbratlon

The second consequent condltlon hclds that just as
estimates of item difficulty can be made without regard for
the akility o¢f the calibratihé sample, sc may estimates of
person‘ability be made regard;esé of the difficulty of items
used to assess  that ability. This fcllows "from the
fundamental equation relatidg' item difficulty and person
ability; it may be thought cf as a dualitf princigple operating
in the model.. |

Wright (1967) analyzed the sccres of 97¢ students
‘who had written the 48-item reddiﬁg cqmprepension section of
the Law School Admission Test. ﬁé divided the calikrated
items from the test intc two subtests of 24 items each. 6 = The
24 easiest items were used to make up an Easy Test, and tke 24

most difficult itenms constituted the Hard Test. ©Each of the

976 students was thus assigned two: ability estimates, one
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kased on +the results on the Easy Test, and ancther based on
the Hard Test. Each ability estimate was acccempanied by its
standard error of ‘estimate,; To assess whether equivalent
akility estimates were made for eééh persco, Wright determined
the‘difference betueen the.two éstimates and divided by the
standard error of the differeqée to obtain a standardized
difference for each person. He aégued that, if the estimates
Were statistically equivalent, ‘tge distribution of the
standardized differences should hgve 5 mean. of zero and a
standard deviatiop of unity.‘A:The results showed a mean of
0.003 and standard deviatiom of 1io1u,v Without making fuvrther
statistical analyses Wright coﬁéiﬁded that test;free person
measurement was indicated. . |

Willmott and Fowles‘(i95ﬂ) used a similar procedure
to analyze the respomses to the éb %itting items on a 70-iten
-General Certificate of Eduqqtién O-level Physics test. Two
abilify measures for each person Qére determined--one frcm the
casiest 25 items, the otﬂer fréﬁ'fhe.most difficult 25 items. .
of the 745 candidates, the ability.estimates for 703 (94.4%)
differed by less +than- two standard errors. . Since the
significance level of this teét w;s five rercent, the authors
ccgcluded that, once the poor'{temé‘had been edited out, the
items in the test yielded person measures which were test-
freea. . |

Whitely and Dawis (195&) set up a test of the model
similar to that 6f Wright. . Théy pointed out that ﬁright's use
of the term "statistically equivalent forms" falls under Lord

and Novick's (1968) concept of téu-equivalent measures, . The
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expected values for true scorés are equal kut the expected
values of error variances'are pot necessarily equal. , To test
fh§s equivalency of calibrated sqbséts Whitely and Dawis re-
analyzed a portion of Tinsley's (1971) data. Responses fron
949 subjects on a 60-itenm vefbal analqgies test were used to
calibrate the items.. Three different divisions of the itenm
pool were then set up: (1) odd versus even items, (2) easy
versus hard items, and (3) randomly selected subsets with no
overlap. They found fcr two subset ccmpariscos, odd/even‘and
random, no significant differences in either the means of the
ability estimates or in théié variaﬁces,, For the easy/hard
ccmparison, however, both the means and the variances differed
(r < 0.05).. When ccmparisons uﬁere made . cn | standardized
differencés, the only significént difference was in the
variance on the easy/hard subtest comparison (p < 9.01)..
Whitely- and Dawis concluded thdt the results indicated that

the Rasch model would produce statistically equivalént forms

1

for any item subset except.under'the most extreme conditicns. .
Qassmore!s study (ﬂ974), on the cther hand, showed
ccntrary results. The responses éf 6287 nurses.cn two Easch
calibrated subtests of aﬁ achieiemgnt test in nutrition were
used to test the ability invariancé hypothesis., The abilities
of examinees scoring higher than .the. median score on . €ach
subtest were estimated from the easy, hard, odd, and even
itenms selécted from each subéést,; Correlations between
akility estimates on the.easy/@?rd and odd/even items on each
subtest were low, the highest béing 0.382.  Passmore concluded

that item~free measurement was not attained tc any reasonable
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cr practical degree,

Rentz and Bashaw (1977) felt sufficiently
comfortable wifh the ability invafiance condition to apply the
R;sch model to - the problem of ,tést equating. . Using the
resu;ts of the equating phase of tyebAnchor Test Study (loret,
Seder, Bianchini, ¢ Véle, 1974) théy converted the scores on
twenty-eight reading tests for érades 4, 5, and 6 students to
'a transformed .Raséh scale, . 'Eaéh child respcnded tc two
;eading tests yielding an estiméte of the difference in the
ability scale origin for the qu tests. At each grade level,
seven different batteries were uéed._ Each battery  was
published in two forms and these were éaministered to fourxrteen
additional samples at each grade 1evel;_ This provided a basis
for equating the tests within‘egch grade level. Thke final
step Wwas to combine data across érade levéls, that is, to
carry out "vertical equating® éf'the tests, yielding a ccmmon
akility scale for all tests and §1i grades.  The authors found
that in comparing their results with results using
equipercentile equating, moét teét pairs were in agreement..

Rentz and Bashaw (1977) diq not indicate any direct
evidence for the item-free peréonfméasurément condition.. That
is, they did not attempt to determine the degree 6f agreement
between' estimates for each éhild's reading ability as
determined from the two reading tests. | Instead, they
concentrated on demcnstrating the stability cf the raw score
tc estimated ability ccaversion for éa;h test. .

Slinde and Linn (1978) éxplored the adequacy of +the

Fasch model for vertical eguatin§ by using item response data
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frem 1365 students on a So;item College Entrance Board
achievement +test in mathematics, . Fourteen items were deleted
as beiﬁg too difficult, too easy, oxr fpossibly speeded.,
Wright's procedure was followéd by dividing the items into an
easy subtest and a difficult one., Their results were similar
to those of Wright (1967) and Whitely and Dawis (1974)..
However, Slinde and 1Iinn continued their analysis by
calibrating the items separately using the lcw ability, mediunm
ability, and high ability' étuden£s independently, . When
ability estimates were cbtained cn extrenme groups by wusing
~difficulty estimates obtained ffoy the oéposite extreme groups
there were discrepancies, . fpr the middle group the authors
pcinted out that the examinees wohld do better by taking the
difficult test when ability estibates wefe cbtained frcm the
~high group, but would do better to.take the easy test when the
estimates were obtained frcm thé LOW grougp. . They concluded
that the  Rasch model did pot‘éroﬁide a satisfacto;y means of
vertical equating, bﬁt conceded tﬁat the ccmparisons may have
been more extreme than apt‘to:be encountered when equating
testé over several grades, | |

Hashway (1977) was cdpcetnedA with the statistical
procedures used to test thé écg;e invériance property. He
extended the standardized difference rrccedure of Wright
(1¢67) and Whitely and Dawis (1974). . In that procedure, it
will be recalled, if two estimatés are available fo;_ the
ability of each persqn‘they are subtracted anq the difference
is divided by the s;andard error of the difference of the two

estimates. . This results 1in a standardized difference score
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for each person. If the di;tribution of such scores is unit
ncrmal, that is, with mean of zergjand variance of one, it may
be assumed that differences are due fo randcm error. Thus the
first step, Hashway argqueqd, .js tc ccmpare the observed
distribution with the umnit normal distribution function. This
can be done using either the chi;squéxe‘ or the Kclmogcrov-
Smirnov statistic, If the test statistic is not significant
the variation in standardized diffefenée scores may ke assumed
to be a result of random error. only. if, however, the
hyrothesis of unit normality is rejected, a second step should
be performed. |

Hashway argued that there were tﬁo reasons why the

okserved distribution wculd be ngn;nofmal:

(1) there is greater coﬁqordance of 'estimates than
expected from randcm error, or |

(2) there is greater discofdahce than expected.
Rejection of the first condifiop means acceptance cf the
second., For the first condition to hcld, the. distribution
mtst be leptokurtic, and cenfred on zero with variance less
than unity.. Rejection of th;# 1éptokurtic prcperty would
imply that there is greater discordance than expected and the
abkility invariance conditiom does .not‘ hclde. Hashway found
that the distribution of standardized differences cbserved in
his own research was leptékﬁ#fic and cpncludea that
measurement based on Rasch {instruments seeped to provide a

stable mapping function. .
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The Issue of Sample Size
' i

A controversy with respect to the =size of sampie
required for +the aprlication of the Rasch mcdel has recently
surfaced. Whitely (1977) maintéined that  the .key is the
sample size required for adequétely testing the fit of items
.tc the model since the consequent conditions depend on this
fit,  She argued that a reasonahly‘powerfﬁl significance test
is needed to assess item fit and this camn only occur with
large sample sizes.. K She suggeéted that a sample size of less
than 800 fails to detect sizeable differences,"

Wfight f1977b) arépéd that the important
consideration is the precision §f.ﬁhe calibration of items and
cocncluded that sample sizeg of 500 are more than adequate in
practice, He contended that séﬁpie size depends wupon the
desired standard error of item éé;ibration, and on the effects
of item imprecision on the measureﬁent gf person abilities.

The previously cited study of the NWEA (Forster et
al., undated(b)) on adequate sémpielsize fcund that a sample
size of 200 provided nearly[;as. éccurate information as a
sémple size of 300. As a consequence the NWEA now uses 200 to

300 students in field testing neﬁ items for the NWEA iten

i
o

bank.
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CHAPTER III

The purpose .cf the. étudy was to apply the.Rasch
mcdel to measure change in arithmetic achievement at the end
of Gréde 7 in the province of Bfitish Cclumbia,. The procedure
for making comparisons was devigéd using the data available
frcm previous testing programsﬂip;'iQGF .and 1970, and then
app;ied to data obtained ffom a?sgmplé Sélected and tested in
1579. = The essential element in fﬁe analysis.bf change was the
difficulty of the test iﬁems is éstablished using the computer
program BICAL (Wright & Mead, 1978). The item difficulties
were used, in turg, to establisp.summary statistics for klocks
of items grouped so as to provide measures cf perfcrmance on
particular topics within éhéiz elementary mathematics

curriculum.

Sampling Procedures

In March, 1564, the British Columbia Department of
Edqcation administered the Stanford Achievement Test, Advanced

Battery, Partial, Form L, to aI;l students in Grade 7. A
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random sample of one hundred test booklets was selected at
that time from each of the top, middle, and lower third cf the.
distribution of total scores. . In May, 1970, the Department
administered the two arithmetic tests from the same frattery to
all Grade 7 students in British Colﬁmhia._ A random sample of
300 papers was selected in a ma#hef similar to that of 1S64.

In 1979, it was clear that the representativeness of
the 1964 and 1970 samples could not be replicated.  The
procedures of the previous years resulted in samples truly
reflecting individual achievement throughcut +the province..
The full awuthority and reSoqrces of the Department of
Education were used in the earlier periods, while 1limited
funding and reliance ugcn voldnfary cooperaticn ¢f persons in
the field were characteristic Qf.the data collection in .1979. .
Nevertheless, a procedure was established which, it was felt,
resulted in a calitkration sampie sufficiently representative
of the achievement of the pdﬁnlatiop of Grede 7 students for
purposes of comparison, | |

In order to produce item calibrations and estimates
of abilities with standard Ter;ors ccmparable. to those of
previous years, a calibration sémple size of 300, the same as
in previous years, was .opted for in the 1979 testing. 1In
order to make the selection of subjects as similar to previous
years as possible, it was necessary to select these 300
subjects from a larger sample using the same stratificatica as
before, The size of the larger sample was dictated Ly the
financial and clerical resources available tc the researcher. .

This was set at 1500 students: just under four percent of the
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approximately 40 000 students in the Grade -7 pcpulation. .

Ideally, the larger s;mple would have conéisted of
1500 students drawn randomly from the population. This was
judged to be impractical, requiriﬁg the. testing of a very
skall number of students in ‘éach of a 1large numter of
classrooms, ,£ There were two essenfial facters to consider in
selecting a representative éroué'oﬁ students. . The first was
representativeness cf teachin§ practice; the second,
representativeness of student ability. 1In the fcrmer case,
the important factor was the school; in the 1latter, the
student within the schccl. . Héncé it was decided to comstruct
the sample in two stages: (1) :Qy securing a representative
sample of schools to yield jresﬁl£§ cn approximately 1500
students, and (2) by selecting ; stratified_randcm sample of
300 students from the total séméle.‘

The education systém cf the province consists of 75
school districts. . Following contemporary Ministry of
Education procedures for selééting sanples of classes from
these districts, two blccking factors wé;e used: geographic
loéation and size of school., The;geographic regions and the
number in the sample frcm each region are.shcwn in Table 3.1..

Within each region, Séhools were ranked in order of
their enrclment of Grade 7 students.. The numker of Grade 7
classes was estimated by dividing the =schccl enrolment in
Grade 7 by the average class siie.for the district in which
the school was'located;, The average class size for the region
was estimated by dividing the total number of stﬁdents by the

estimated number of classroomé in the region. . Finally, the
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1979 Sample Ly Gebgraphic Regicns

Region Number of Estimated # Approximéte Targetted #
Districts - of Students & of Total in Sample

—— —— - e . - s o

la South 16 5 900 14.9 223
Centre ‘ >

2. Greater 9 14 700 3741 556
Vancouver - '

3« South 11 4 500 11.4 171
Mainland g

4. South 13 6 800 - 17. 2 258
Coast R L

5. . Southeast 12 2 400 © bel 91

6. North 14 5 300 13. 4 201

Total 75 39 600 1 500

number of glasses required for the sample #as determined by
dividing the targetted ‘numbéf,of studénts for the regiocn by
tﬁe estimated average class_siéé for the region. The result
was rounded up to the next whole number..

As an exampis of the fo:égoing, for Region 1 the
estimated number of classrooms was 285.  The average. class
size for the region was 5900/285=20;? e . The targetted number
of students in the sample was 223,,;equiring 223/20.7=10.8, or
1 classes? |

for each regicn, the_éank ordering "0of schools by
enrolment was sectioned into‘ strata equal in number to the
required number of classes.divided_ by two.. Hence, 1in the
example, five strata wvere defingd,‘with two classes drawn from
each stratum, except for the ioweét frocm which three were:
selected.. Each stratum containeéd 10Q%/5=20% of the. students
in the region. Since schoolé'yére‘ordered by enrolment, the

top stratum contained fewer schools than the bottom.. Within
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each stratum the first class was randomly chosen and the
second was located symmetrically within the stratum with
respect to the first.  This procedure ensured that the
selection of classes from schools was well distributed both
across the entire enrclment range and w}thin each stratﬁm.

| The resulting sample.néoﬁprised 65 classes in 61

schools located in 35 districis.f

Data Collection

Educational fpolicy and - funding £fcr each school
district in the province is déﬁermined by a district school
board, and the district superin£éndent, responsible - to the
koard, is charged with administering the affairs cf the
district._ In late March, 1979, Aa vletter was sent toc the
superintendent of eaéh distrigt, requesting permission to
ccntact the principals of the schéolé in the sample (see
Appendix D). It was emphasizéd t#at the study was designed to
investigate performance on a provipce-wide kasis and that
strict confidentiality with respécf to students, schools, and
districts would be maint;ined,,.?é:miSSién was granted by 30
cf the 35 superintendents. . Inn:one case, the one school
selected in the district h;d no Gréde 7 students enrclled.  1In

another, application forms to «conduct research had to be

filled out by.the researcher, anq permission was .ultimately

H
I
i

denied because of the =short ‘advance nctification. . In two
other cases, the project conflicted with district-wide testing
programs and consent was therefore withheld. In the fifth

case, contact with the superinténdentswas not maintained due
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to his attendance at a lengthy conference, As a result, the
sample was reduced to 52 classes.iﬁ:u9 schools. .

In mid-April, a £e$t package (see Appendix D) was
sent to the principal of each:school. Each package «ccntained
a covering letter to the'princigal eiplaining the purpcse of
the study and asking for_his or hér cooperaticn, a letter to
the teacher/test administrator . ésking that he or she
administer the tests tc the Grade 7 studeats, a set of
detailed directions for admigisfering the tests, forty copies
of each of the reasoning and éoﬁphtation tests for each class
selected in the schcol, and afs£am§ed, self-addressed envelope
in which to return the compleied tests.ﬂ Pripcipals were asked
to have the tests administered.in:the pericé between Apzril 23
and May 4. . They were also aékéd to select randomly the
required number of classes tche ér two) if‘there Wwere more
than this number in the school:;' |

By mid-May responses'had béen‘received fror all the
schools in the sample. Aquty;seQen of the 49 principals
ccoperated in the study. One.p:ihcipal felt +that the tests
would give rise to too‘muéh student anxiety because cf the
nunber of items containing impefial) units c¢f nmeasure.. The
staff of . the second ‘school‘ had already keen involved in
another doctofal researcﬁ study, aﬁa'felt that their students
were being over-tested. . The end #égult was the-return ofl1277
completed papers from 50 classrcéﬁs_ac:oss the province. .

The 1277 returned lpapeﬁs éere marked by hand and
ordered by totai score. One huﬁdfedlpapers were selected at

random from each of the top 426 papers, the middle 425 pagers,
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and the bottom 426 papers, .

erification of the Data

For the years 1964 and 1970 item responses from each
of the 300 test booklets were‘coded by the author onto optical
mark read (QMB) cards. Responses were -coded 1,2,3,4,5
accqrding to the response selected., The " response was coded
zeié (0) if the item was left unanswered or if it was doublé
marked. In some éases itens wege‘ double marked Lut cther
notations on the. bocklet médé it clear which respons€e the
student wished to have counted. . In such cases. the in@ic%ted
response was accepted. | The oﬁﬁ cards were then read into a
cconputer file, d |

In 1964 and 1970 the  bepartment cf Education had
hand-prepared master summary:sﬁeets for the 300 tests in the
form of an examinee by itenm matff?,, Entries were 1 (cne) if
the correct answer was given andﬁvblank if not. In order to
ensﬁre comparability of. the réscored itens with the
Department's scoring, a FdRTRAN program was writtem to
transform the data in the combuter file into a similar
exéminee by item matrix of 1's éhq 0's.. A ccmparison of this
output with the Department's tallyﬁsheets, and referral to the.

original test booklets,'sérved tq verify the correct/inccecrrect
' |

matrix. = Since the subsequentf analysis used cnly this

information, it wWas not consiﬁered necessary to verify the
responses to items incorrectly answered. .
The 300 papers selected in the 1979 sample were

individually examined and corrected £for anomalies in the
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selection of responses. . The fesponses,:alphaketical as on the
test papers, were ccmmercially keypunched directly from the
test papers‘ onto cards. K The keypunch oéerator verified the
entries by keypunching the enfiréi'set of booklets twice,
thereby _ensu;ing agreement. . Aifufthe; check. was made on the
accuracy of the keypunching by réndoﬁly selecting a 10% sample
for ccmparison_ with the originai ltest papers.. A small
computer program was written to' transform the alphabetically
coded responses into the numegical‘values of 0,1,2,3,4,5 as

fcr previous years.

BICAL

1

Estimates of item difficulties and person abilities
were obtained using the computer -program BICAL (Wright & MNead,
1678) . A description of the 60¢ponents cf the program and an
annotated example of output;are’épntqined ip Appendix C..

The .algorithm used by BICAL is the unconditional

maximum likelihood procedure (UCON) and consists of the

|
fcllowing steps: | }
(1) Determine the number‘of correct responses for each
item, s(i), and the number of penéﬁné, n(r), at each score, r..
(2) AEdif the data to remové‘ ifehs .¢n Wwhich zeroc or
perfect scores were achieved, ﬁ%ét is, for which s (i) equals
zero or N*, the number of persong 1n the sample.  Edit the
data to remove persons who achleved zerc cr perfect scores,
that is, for”whom r equals zero o; K*{ the number of items on
the test. Let N and K beitqe ﬁumbe; cf persons and itens

'
'
o

remaining, resgectively.
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(3) For each raw score, I, assume a correspcnding
initial ability estimate, a(r)9, such that a(r)9=1lnlz/(K-r) J. .

(4) For each item, i, aSsuﬁe a cecrresponding initial
difficulty estimate, d(i) O, sucﬁ'that d(i) ¢=1n] (N-s(i))/=(1) ). .

() Centre the set of itenm difficulties at zero by
subtracting the mean of the K item difficulties from each iten
difficulty.

(6) Through iteration, determine a revised set of item
difficulties, d{(i), by using Newtsn's method to solve each of
N maximum likelihood equations..

(7) Through iteration, and ﬁsing the revised set of itenm
difficulties, determine a reQiSed set of person abilities,
a(r), by using Newton's method%tc solve each of K maximum
lJikelihood equations. .

(8) Repeat steps 5, 6,}'and 7 until stable values for
item difficulties, d(i), are Obtaiged,,

(9) Correct for bias ;by nultiplying each iten
difficulty, d(i), by (K-1)/K._ |

(10) Determine perscn abilities, a(r), for -each raﬁ
score, r, using the unbiassd iten difficulties, d(i),
determined in step 9. .

(11) Correct for bias by ﬁultiplying each person ability,
a(r), by (K-2)/(k-1).. B

(12) Determine the asymétotic standard errcr for each
d(i) and a(r) from the-second dérivative of the log likelihood
function. |

Several fit statistics, and an index of

discrimination, are. determined for €ach item. . The
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interpretatipn of each of these is illustrated in .the ~sample .
output in Appendix Ca. . |
It will be récalled that the Rasch model does not
include a "guessing" paramete; for multiple-choice gquestions..
VariouS'suggestions have been made to allcw for this fact when
calibrating the items.. Wal}er (1975) suggested remcving
responses for items tco difficult'for examinees.. Wright and
Mead (1978) suggested accepéipé only sccres of examinees
scﬁewhat above ithe guessing: leve;,, The suggesticns for
eliminating éxaminees ére. more practical +than those for
eliminating particular‘ 'respénses.“ Consequently,
Panchapakesan's reccmmendation outiined in Chapter II was used
to eliminate examinees from.the item calitration procedure. .
That procedure establishes the score,; below which examinees

{
i

areveliminated, such that

where kX is the number of items, and

b is the number of alternatives per iten.

As an example, if all 89 items were "to Dbe
calibrated, the use <¢f this criterion . wculd 1lead +to the
following decisions:

(1) Reasoning test: For items 1 tc 30 there are five
alternatives, yielding r = 10.38. For items 31 to 45. there
are four alternatives, yiéldipg' r = 7.10.  Total r for the
test is 17.48.  Therefore eliminété scores lesé than 18.

(2) Computation test: For:. all  items there are five

alternatives, yielding r = 14.11., Therefore eliminate scores
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less than 15.
(3) Total test: The sum of the r's is 31.59. . Therefore

eliminate scores less than 32. .

Editinq»the Data

The Deletion of Persons

For reiiable.estimation of a student's mathematical
ability it is necessary that the.student have sufficient tiﬁe
to respond to all items on'a-test.“ That is, the test should
be one of power rather than of‘speed.h Speed is a factor which
both complicates the model and cdnféunds the. interpretaticn of
the’results__

‘The authors of the Stanford Achievement Tests state
that the time limits are geheréds‘énd practically all fpupils
should have sufficient timev'to;tatfempt all the questions
(Kelley et al., 1953, pe..2).. ﬁéveptheless, in a preliminary
inspection of the 1964 and 1870 .data, bibcks of unansvered
items 1indicated that a number of ipéividuals prokakly did not
have time to finish. It héé necessaiy to establish a
criterion for deleting persé#s whé, it was suspected, =inply
did not have time to ccmplete‘fhe tests. .

For the measurement of arithmetic skills there were
three timed sections: two on the ;eascning test, and the
ccmputation test itself.. It was assumed that students
answered the questions in ghe{cfder in which the questions
were presented 6n the tests, and thét only those items at the

end of a timed portion might have been left blank because the

i
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student did not have time tc finish;, It was also ncted that
the =sample size of 300 was neéf‘the lower limit for effective
calibratioﬁ; and that the use of a cutoff score for guessing
would further reduce the sample sizes, Hence, it was
necessary to balance the undesirability of loss of subjects on
which to calibrate items :against the. inclusion of
ipappropriate subjects. To this end, the following decision
rule was decided upon: if, at the énd of any of the three
timed ©Fportions the subject émiﬂted at least ten items. in a
row, that person was deleted frcm the data base. As a result,

in the most severe case, the 1970 sample was reduced in size

N 1
H .

by fouf percente.

The Deletion of Items

The deleticn of persons 1is made before the
calibration precess; the deletion of items is made. after.
Decisions concerning the deletion of items therefore are aided
by the use of statistical data which indicate how well the
items fit the model. K In principle, such decisions <shculé be
easier to defend tham the father grbitrary decision on the
deletion of'persons., In practice, this is not the case. .

Criteria to evalua%e:.iteﬁ fit used by various
researchers have been identifiédvéarlier., The most fregquently
cited criteria were the chifsquare or mean square fit,
reésidual discrimination valqes, and pcint-biserial
ccrrelations.; No commonly acceétgd combination of criteria or

significance levels was idenﬁified in the literature. The

present study fell into the Rentz.and Rentz (1978) category of
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"reject-the-worst" because only a limited number of items were

available and maximum informatién was to be sought from the

analysis. Therefo;e, a reasqnab;y permissive critericn was

set for including items in the:;célihration process. . Itenms
were deemed to be non-fitting ifﬁ_; |

| {1) the mean square fitiéxceeded unity by four or more

standard errors, and,

i
o

(2) the discrimimnation indéx was less than 0.70. .

This criterion was established basically because of
the practical demands of the.»stu@y.ﬁ' On one hand.it was
desirable to eliminate items which’clearly failed to fit the
model; on the other hand,‘the{mqst important aspect of the
analysis lay in the compariscn‘?f grouﬁs ‘cf . items. It was
felt that, in a group, the preSeﬁce of one or two items which
fit not as well as theoretically desirable would not adversely
affect the comparisons. Prelimihgry énalysis’ indicated that
the criterion would eliminatgiabogt.ten percent of the items
on each test, and this was _5udged to be a =satisfactory

resclution of the problem. .

It was argued in Chapter ITI that there was a need to
regroup ‘the ‘items o¢n the reaséniég test and the ccmputation
test. This could be done meaningfully only if +the akility
underlying éach test was the:saﬁe,z There is some evidence
from other sources that this is indeed the <case. Merrifield
and Hummel-Rossi (1976) subjeéted the Stanford Achievement

Test: High School Basic Batterﬁ,’.1965 edition, to factor
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analysis wusing the 1zresponses of a sample of 226 Grade 8
students on the nine tests of the battery..  The. three
rathematics tests were found t§ lie in a ccmpact cluster on
one of two oblique factors.,  The éﬁthors suggested that the
analysis indicated redundant igfo;mation in the data.

Two procedures wege ﬁsed to test the
uridimensionality of the tests;,the first is referred tc as
the simple test and the second as theigggig; test, .

Rentz and Rentz (1978) suggest that there are no
separate adequate tests for .hnidihensionality,_ They argue.
that the test of fit to :fhe model will tell whether the
antecedent conditions of the model haye been .met., They
suggest that one might still ‘get good fit on a set of
mathematics items even though ;ome appear to measure algebra
and others to measure arithmetie,,

Wright and Panchapakesan (1969) state that the
failure of any item to fit the model may be for two <recasons:
(1) the nodel 1is toc simple; or (2) the iten measures a
different ability than the.fitting iteﬁs,, Thus £fit to the
model is evidence | that d; set of items measures a
unidimensional ability. .

Based on these arguments, the simple test was to
calibrate the entire set of>89 items as a single grouvp for
each of the three administrations. It was reasoned »that the
unidimensionality condition unld :be assumed if the items
acted as a cohesive unit in all three. instances with no .clear
sgparation of non-fitting itemé‘a;ong subtest lines. 

In addition to this test a much more stringent
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statistiéal test was used. The basic question was: given two
tests A and B, how cculd cne_émpirically decide whethe£ they
measure the sane undefiying ability? & strcng indicaticn of
unidimensionality would be given‘if,_after administerirg the
two tests to é single sample of persons, the rank ordering of
persons by raw scores was ideniicaikén‘eth test. One would
not expect equal person scores 6q the . tests Dbecause of
possible differences in thg~ meén difficulty of Aiteﬁs
constituting the two tests. Buti the Rasch mcdel ©provides a
measuré for equating tests un@e: exactly this condition, that
is, it carries with it the p?operty -of test-free rperson
calibration.  If each person fa%ing the tests is assigned the
same Rasch ability score by feéch test, the condi{icn of
unidimensicnality may be assumed.,:

Each test was calibrated inaependently, yielding two
estimates of each person's ability.‘ Each ability estimate
derived from the ccmputation test was then adjusted by the
difference between the mean samble abilities on the‘two tests
in order to make the ability scalés comparable (Pancharakesan,
1969, p. 168).. |

Some elaboration of this'procedure pay be in crder. .
Since each test was calibratediindependently,.and was centred
at the mean item difficulty for its own collection of itens,
it was not expected that the mean ;bility level on each test
would be the same., For example, a difficult set of items
might show a mean ability of -0,3; whefeas an independently
calibrated set of easy items migﬁt show the mean ability of

the same droup of subjects to be 0.2.¢ A linear shift cf 0.5
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units applied to each subject on one of the tests would bring
the ability estimates onto thelsamé scale. .

Once two comparable ability estimates vwere obtained,
the procedure suggested by HéShway (1977) for evaluating the
score. invariance property was invoked. . A standardized
difference score for each examinee was determined and the
distribution of such séores acrosé the‘sample was compared to
the unit normal distrikution. . Thé test for umit normalify ¥as
the Kclmogorov-Smirnov statistic.. In view of the fact that
the described procedure really tested two cdnditions at cnce--
unidimensionality and score in?ariance--the probabilifyr for
rejection of the null hypotpés;s‘ was set at 0.01. If the
hypothesis of unit normality we;é fejected, the dispribution
was to be evaluated for shape;,‘Iffit proved to be leptokurtic
with variance 1less than uni;y, fhe ccnditicen cof strict
unidiménsicnality was to be assﬁmed.;

Summarizing the steps, for eéch cf 1964, 1970, amnd
1979, the following procedurejwas:sarried 6gt:

(1) BICAL was run on thé ﬁS items of the reasoning test,
with a minimum acceptatle score of 18, . |

{(2) BICAL was run on the 44 items of the computation
test, with a minimunm acceptablejscore.qf 15, .

(3) The réw score for each person on .each of the -two
tests was converted to a Rasch ability score using the
conversion table in the BICAL outpui.. |

(4) Each person's compqtational akility score was
incremented by an amount determiﬁed by subtracting the sample

rean ccnputation ability from the sample mean reasoning
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ability. This procedure adjusted the abilities tc a ccmmon
ability scale.,

(5) A standardized difference score was determined for
each person using the +two .ability sccres and the standard
error for each as indicated in the BICAL output..  The

calculation was as follows:

D [a(R) - a(C) )/ \[se(R)2 + se(C)2

where a(R) the examinee!s reascning ability,

a(C) = the examinee's adjusted ccmputation ability,
se (R) = the standard error associated with a(R),
= the standard error associated with a(C)..

se (C)

|

(6) The ‘distribution of standardized difference scores

was tested for unit normality using the Kolmogorov-Smirnov

statistic. .

Testing the Changes -in Item Difficulty

Once the.unidimensionality assumpticn was justified,
the item difficulty values useé Qere those determined by
calibrating the entire ccllectign'éf itens as a single test..
The £it criteria cited in a péevious secfion were applied to
each of the 1964, 1970, and 197§ calibraticns.., Items which
failed to meet these criteria on -at least two of the three
administrations were deleted from thé analysis. The data for
each year were recalibrated ‘after removing the non-fitting
items. .  The process was repeated until nc non-fitting itenms

were ccmmon to two of the three samples;, Item difficulties
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used in the analysis were those ca1ibrated on the final rum. .

Comparisons of item diffiqulfies were based on the
Rasch difficulty pqrametérs, having the loéit as the urnit of
measure for both item difficulé%es;and perscnlabilities., The
difference between traditionéi cqmparisons and Rasch item
difficulty comparisons can be.c;afified by referring to the
tcp part of Figure 3.1, in whicﬁ.it is_aséumed that 89 items
remain in the calibraticn. They are shoﬁn frem left to right
in order of increasing difficuliy on a hypothetical 1964
administration., Suppose thét: thé .increase in percentage
difficulty, that is, in the'p£0éor£ién of people incorrectly
answering the item, is linear ac;dss the sample in 1964.  The
mean difficulty isl30%._ Now éup?osé.that a hypothetical 1970
sample is uniformly worse. in terms éf raw sccres across all
itens. _The mean difficulty is'ﬁéﬁ‘SO%m, Hence, the difference
in mean difficulty is 20%. .

When ‘these data are analyzed by the Rasch model the
distribution of item difficulties:in‘each case is represented
bf the same curve, shown in the ﬁiddle.pért of Figure 3.1, as
each independent calikration is céntfed at the mean difficulty
level, with a value . of '2er0g: :The difference in mean
difficulty will show up in the Béschianalysis as a difference
in the mean abilities of the :two grcups since the two
parameters are determined on a;cémmqn scale. The mean ability
of the 1964 sanple would be abou{--Q.Q logits, and that cf the
1970 sample, 0.0 logits. |

To see, graphically, how +the item difficulties

differ, the superimposed calibratioﬁ curves can Le separated
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Figure 3.1. Two hypothetical distributicns of
traditional and Rasch item difficulties.
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and <shifted to the locations indicated by the mean abilities. .
The separated curves would be aé'shoﬁn in the lower part of
Figure 3. 1.. -

Once independent estimates have been established for
twc administrations, twc types. cf c§mpariscns can be made. In
the first case, by the item difficulty invariance property of
the model, it is expected, within.thellimits'of_random error,
that the +two difficulty estimates:fér an item will be equal. .

If this expectation is not met it can Lte concluded fhat

changes in item difficulty éhavg .occurred relative to each
Other . |

Suppose in Figure 3.2~ that the 1964 testing
situation 1is the same as in4Figure 3.1.. Suppose again that
the mean 1970 percent difficulty ig 50%," This time, howuever,
" because of changed curriculup‘éﬁphasis or teaching practice,
increases in item difficulties lare: not uniform, and the
irreguiar line represents.’thél graph of the 1970 item
difficulties. This irregularity will be reflected in the
Rasch item difficulties, as shown by the irregular curve
superimposed on the regular 196u‘cufve, Thus, ccmparison of
item difficulty based on the uﬁadjusted Rasch estimates yield
information on change. in diffigulty:ggig;g the set of ’items,
relative to the mean difficulty iééél of éhe item group. The
vertical segments show the magﬁitudes being tested. . |

The second type of coﬁparison which can be carried
out is that of absolute difficu;ty across time. . In each year

the sample represented the overall distrikution of both

curriculum coverage and mathematical ability across the
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Figure 3.2. The testing of change in the

relative difficultyvof items.
province., Representativeness of gurriculum ccverage is the
key to the first comparison of item difficulty within the
aggregrate of items,. RepreSehiativeness of mathematical
‘ability is the key to the secéna comparison._ In the second
cage the difference in mean ability of the 1964 and 1970
samples provides an estimate of the difference in the origin
of the difficulty scales. By adjﬁSting each item difficulty
on one of the administrations'.by this amount, thelitem
difficulties are placed on a common scale.. Again, it is
expected, within the 1limits of random error, that the
difficulty estimates for each item will be.egual.:

As before, the proéé@u;e may be  illustrated
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graphically. Referring to Figure 3.3, =suppose that the
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Figure 3.3. The testing of change in the

absolute difficulty of itenms.
traditional difficulty distributions for the two
gdministrations are the same as iﬁ Figure 3.2. The adjustment
procedure described for Figure 3.1 is now used to separate the
ﬁdsch calibrations by the amount.of thé difference in the mean
abilities. In the Jlower portion of the figure, it is again
the magnitude of the vertical segments which is being tested

(I

for significance, but these segments now represent absclute
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change because of the shifted locétion of c¢cne c¢f the curves..
For each type of comparison Hashwayt's  (1977)
procedure constituted an cmnibus test of the equality of itenm
difficulties. This procedure pqralleled that outlined in the
previous section on testing score invériance,, The Kclmogorov-

Smirnov statistic was used- fq ‘test the assumption of unit
normality of the standardized difference =scores of itenm
difficulty. In each analysis reﬁectionlof the hypothesis of
equal item difficulties permitted analysis of change for
individuval items, . - |

For the assessment of relative «change, the

standardized difference score for each item wa$ determined by:

D= td(1) - a()Q/ \/se(1)2 + =e(2)2

where d(1) ='item~diffiqu§tyyin year 1,
d(2) = iten difficuiiy\in year 2,
se (1) = standard err%f of iten difficulty in year 1,
se(2) = standard errir of item difficulty in year 2..

A positive value for D indicated that the item tended tc be
relatively more difficult in yeér 1.

For the assessmen# - of absoiute change, the
standardized difference score for each item was calculated in
a similar fashion except théf the numerator of the function
was replaced with d(1) - £d(2). + ki, with

k m(l) - m(2)

wvhere m(1) mean sanple ability in year 1, and

m(2) mean sample'apiiiéy‘in year 2. .

The standard errors remained the same, as k was treated as a
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constant applicable to all values of d(2). . Again, a positive
value for D indicated that the:item tended to be absolutely
more difficult in year 1.

Items were deenmed tdvhave changed in difficulty if
the absolute value of the standardiged difference sccore of the
item was greater than 2. This’prqcedure paralleled that of
the reanalysis outlined in Chapfe;ll, and- allowed a comparison
of conclusions reached using thé;Rasch appr;ach as cpposéd to

the traditicnal approach, .

Testing Change in Content Area Difficulty-

As was indicated earlier in the'study there was a
need for a reporting unit largér than the single item. . Such
‘reporting units, or content areas, should te small enougk to
provide useful curricular iﬁformatiqn yet iarge enough to .
avoid the overwhelmingAinfluenqé.of just one or two widely
fluctuating item difficulties. . |

Tentative units, subjecf to modification through the
deleticn of non-fitting items," were established using the
fcllowing procedure. . Ten categories of content were proposed
by' the author. The author,.aﬁqrﬁwo other persomns experienced
in the theory and practicé '(of teaching mathematics,
independently assigned items to tﬁe ten categories. . Where all
three persons agreed on the: placement c¢f an item, that
designation was final. Agreement was reached immediately on
60 of the 89 items, By broadening or narrowing the
descriptive title of five categories, the remaining items were

assigneds. In all cases, assignment  required unanimous
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agreement by the three judges. .

The content areas and the items assigned tc-them are

as follows (R refers to items on the reasoning test; C to

items on the ccmputation test):

1.

4,

6.

7. .

Whole number concepté and operations (11 ifems)

R: 14, 31, 41 - '

c: 1, 4, 5, 6, 7, 8 9, 18

Apblications using Hhole-numberé {9 ifems)

R: 1, 2, 4, 6, 15, 22, 28, 32

C: 31 |

Common fraction concepts'apd o;e;ations (12 items)
R: 33, 34, 44

c: 10, 11, 12, 13, a5, 21, 22, 24, 3¢
Applications using common f#acticns (8 items)

R: 8, 9, 11, 13, 16, 19, 21,23 |
Decima;s (11 itemns) |

'
o

R: 5, 17, 35, 37,‘39i

c: 2, 3, 16, 17, 20,¢§2‘

Money (9 items) A B

R:3, 7, 10, 48, 20, 29, 36, 43
C: 38

Percent (8 items)

R:725, 30, 42

c: 14, 19, 35, 41, u3
Elementary algebra (9. iteans)
R: 12, 26, 38, 40

c: 23, 37, 39, 40, 42
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9. Geometry and graphing (8 itenms)
R: 27, 45
c: 25, 26, 29, 30, 34, uu
10. Units of measure (4 ;teps)v

R: 24

c: 27, 28; 33

Change for each group=waé assessed by ccmparing fhe
ﬁean values of the constituent item difficulties on tke two
administrations. , Since the Raéch procedure pl@ged. estimated
item difficulties on an eguél interval scale the calculation
of the mean values was psychcmetrically defensible. . Each
difficulty value contributip'gi £0' the mean had its own
associated standard error of calibration. Each item was
treated as a stochastically iﬁdependent urit as required by
the third assumption cf the moaéi., Hence, the variance of the
sumn of item difficulties was assumedAequal to the sum of the
variancgs, and +the variance .qf the mean was determined by
dividing the sum of the vari;ncéé by the .number. of  items
mﬁking up the group.. If the abéolute value of the difference
of the means was greater thap: fﬁo .étandard é;rprs cf the
difference of the nmean, \if‘ was concluded that. change had
vccurred in the overall group difficulty, and in. the direction
indicated by the meanse. |

Two types of ccmparisons, paralleliné - those for
individual items, were made-,'!pnédjusted score compérigons
yielded informaticn on chéngihg empgasis within the
curriculum. . <Comparisons of scofgs 'adjﬁsted for qalikraied

akility differences indicated trends across time.
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CHAPTER IV

RESULTS -

The structure of this chapter parallels that of
Chapter III..  In Chapter III the procedures fcr gathering and
analyzing data were made explicit; invthe_present.chépter the
results of those procedures a;ezgiven in detail. 1In order to
interrret and assess the significénce of the . results,
considerable discussion is included in this chapter.  However,

a general discussion .of the K model and-its suitability for

measuring change is reserved for Chapter V, the final chapter.,

Verification of Data-

For 1964 and 1970 a ccmparison ~was made of the
computer-generatéd matrix of 1'svand 0's resulting frcm the
rescoring of the tests, with the ﬁépartment's tally .sheet of
1's and blanks. It was foﬁnd:that the. markers in 19¢€4 had
made 35 scoring errors (12 én one “examinéé), and two
tabulation errors had been made on the tally sheet, for an
overall error rate of 0.14%. A éhéck;of the original bocklets
Ievéaled that all the scoring €rrors Iconsistgd .of the

acceptance of the correct resppnsé on a multiply-marked itenm.
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A similar comparison for 1970 showed a total ci six
Departmental sccring errors. .

In 1979, the responses had been ccomercially
Xeypunched onto computer cards;(.hé1Q% fandom sample 6f fhirty
test papers selected fron the :1979 sanmple yield=d no
discrepancies betueen keypuﬁbhed responses: and’ actual
responseé._ From these results it was assumed that the

1

keypunching firm's guarantee of accuracy was ccnfirmed. .

The Deletion. cf Persons

A

In order to eliminate subjects for whcm the test
appeared to be too long, it héd been decided to remove thoseA
individuals who had omitted tehléf.ﬁore items at the end of
any of the +three timed portions of the tests. . Aé a result,
four persons were removed fromlﬁhe 1964 data hase,'twelve fron
that of 1970, and twelve for 1579., All subsequent analyses
were therefore based upon sampiéé{of 296, 288, and 288 for the

years 1964, 1970, and 1979, respectively.

Summary Raw Score Statistics

summary statistics for the raw scores in the three
samples are shown in Table 0.1;, The tests ccntained 45 itenms
c¢n the reasoning' test and_ugAitems on the‘computatidh test. .
There is afvcéasistent decliée .in the mean =score and a

consistent increase in the v%riability.‘ The reliability of
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the tests is consistently high.! !
P

Table 4.1

Summary Raw Score Statistics

- -— . — ———— ———— . —— . > b s D B - S D e S ———

Reasoning Test Compptatibn Test Total Test
Year e : e = — S - ———
Mean S.D. Rell ‘Mean . S.D. Rell  Mean S.D.  Fel2

1964  31.31 6.39 0.83  30.69. 6,08 0.83 62.00 11.66 0.85
1670 30.63 6.82 0.84  27.98 6.74 0.85 58.61 12.75 0.7

1879 28.03 7.85 0.88 25.03 Gééu 0.84 ° 53.06 14.07 0.89

¢

1 Hoyt estimate of reliapility -
2 Cronbach's composite alpha

Tests of Unidimensionality

One of the key requfrements cf the study vas to
demonstrate that the reascniggygnd cpmputaticn tésts measured
the same ability. Three proéeﬁﬁ%eé'wgre used, to investigate
the unidimensionality of the t%oétests.,

As part of thé'iﬁitial'data.analysis, the Pearson
product~mcment correlationucoéfficiegt,be£ueen . reasoning and
ccmputaticn raw scores &as determined-for cach samwple. The
values weres 0.745, 0.769, And 03809 fgr the years 1964, 1670,
and 1979, «respectively, . Cof;eéted for .attenuation, the
coefficients were 0.898, 0.910,ﬁ énd, 0.941, resgpectively. .
Using appropriate . procedures (éigss S Stanley, ppe. -306-310;
Eorsyth & Feldt, 1969), all si#'coefficients wWwere fouhd_tc be
different from zero at the 0.001 level of significange._ Thus,

i

scores achieved by.individuals‘on the twec tests in-any given
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year were highly positively cdrrglated.,

. I+ must be‘noted_thgt'%he‘ correlaticn coefficients
were based on raw scores rather:than on Rasch abilities. .  An
inspection of the sample test ché%acteristio curve in Apfpendix
C shows the transformation cf raw .séores - to 'Rasch ability
scores in the interval from 4—2 -to #2 1iogits to be
approximately 1linear.  Generally, virtually no ' student
abilities fell below -2 logits,'and'only“about 10% were above
+2 logits. Hence, if Rasch abilities wéxe used. instead cf raw
scores, the significance of @{ﬁe correlaticn coefficients
should not be materially diminishéd,“

The second test for unidimensicnality ccnsisted of
examining the non-fitting items when .all 89 itenms ﬁere
calibrated as a single group?forleach ;ample.; It had been
argued that, if items did not .sﬁaq‘ misfi£ of predominantly
reasoning or computation items}iit could ke assumed that théy
measured the same ability.. o

The cqmputer_program‘BIC@L was  used to calibrate the
items. in each sample. A4ll 89 itefs wereuincluded and, in each
case, the minimum‘score of 32 was used to eliminate examinees
near the guessing 1eve1.,. In all three cases, visual
inspection of the output of itémsfordered from best to worst
fit mean square showed no @iscernible"separaticn betueen
reasoning (R) and computation (g):items.,‘rigure,u.1,shows.the
pattern of the worst fitting 20% pf:the items for, each' year..
Reading from left fo right the items beccme more ill-fitting. .
The sequence of reasoning and cbmp&tation ifems appeared to be

randomly cordered. .
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Year Worst Fitting 20% cf: Items
1964 CCCCCRRRCRCRRRRCCC
1970 * BCRRRCRCCRERCRCCCR

1979 CRRCCERCRRRCCCECCER

Figure 4.1. Patterns of ill-fitting items.

The outcome may have resulted frcm the eguailnumbers
of items frcom each category. . ;Had;; fof example, the tests
ccnsisted of 79 straight-forwarad éomputations and 1C word
problems, the word prcblems:mq&jhAVe.shown lack cf £fit as a
unit.  That 1is, the reading,ieguiremgnt.in word_pnoblems may
have ordered examinees .im a di%fe;gpt manﬁer than ﬁhe Dulk of
the remaining items.. Neverthei@és, for the tests analyzed, no
distinction was -apparent bef%eeﬁthe two,ncminélly different
types of items. The results were éccepted. as a preliminary
demcnstration of unidimensionaiity.;

The final test for:unidimensicnality consisted of
ccnparing standardized difference scores with the unit normal
distribution. = The first‘-séééé in the ©rprocess was the
determination of,eacﬁ'personisﬂébility on the reasoning test
and the compﬂtation test,ﬂ»ﬂabl@ 4.2 shcws the mean’ability
estimate on each test for'each»yEé;.r~-

Each person was theq.éssigned\an adjusted difference
score. For example, in 1970,‘%ﬁe :score was determined as:
| reasoning ability] - [compu£gtion ability] - 0;22., Finally,

each difference score was dividgd‘by the pcoled standard error

for the two originally determined abilities. The two-tailed
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Table 4.2

Mean Akility Estimates on the
Reasoning and Computation Tests

—— —— — - -

.. Year
Test -— - —————————
1964 1970 1979
Reasoning .17 1.06 0.70
Computation ‘ 1. 23 : 0.84 - 0.41

(difference) -0.06 0.22 0. 29

b

probability level for rejection. of the null hypothesis of unit
normality had’ been set at '0.01.. The test used was the
Kclmogorov-smirnov (K-S) goodness of fit test.. Table 4.3

shows the results for the three years. .

Table 4.3

Distributions of Standardized Difference Scores
on the Reasoning and Computaticn Tek&ts

Year Mean S.D.. Skew  Kurt K-S Z P
1964  0.02 1.18 0,04 . -0.07 1.28  0.078
1970  0.02 1.20 -0.17 -0.41 1.42  0.035

1979  0.00 1.14 -0.25 .=0.16 .21 0.108

i .

In no case was the skéwhess or kurtosis different by
more than two standard deviaticns. of each from zero. The main
contributing factor to the departure from ﬁormality appeared
to Le the standard deviation of_‘the_ndiffe;ence scores; the

greater the divergence from unity, the lower the,prokakility
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of wunit necrmality.. NeQertheless, in &n¢ case Was the
hypothesis of  unit normality: rejected at the predetermined
0.01 level of significance.. |

While the requirements.of the study vwere me;, the
probability levels were gquite iow.ﬂ Several alternative
procedures wvere followed to see if I@he ccncordance between
ability estimates could be improved. . |

In the first attempt‘ at dimprcving the agreement
between the ability estimates, the non-fitting items on each
test in 1964 were eliminatea  from the analysis. In
particular, Items 27, 29, and 45 were removed »from the
reasoning test and Items 2, 5, 33,.and 40 frcm the computation
test, The.criterion fer removéi wés a fit mean square .of féur
or more standard errors from unity and a‘discrimination.index
less than O.ZO. The BICAL program was re-run and standardized
difference of ability scoresl‘ were recalculated. . The
prokability for rejection cf!the‘hypothesis of unit normality
was 0.110, as compared with 0.078§in the first instance, .

The same procedure,car;iéd out on the 1970 daté kase
resulted in the elimination of Items 4, 27, 29, 43, and U5
frcm the reasoning test and It;ms 5, 33, 39, 40, and 43 from
the computation test.. The probébilitj for rejection of the
hypothesis of unit normality was 0.034, as cpposed to 0.035 in
the former analyéis. The résults in these +two cases
demonstrate the rokustness of the .ability estinates. They
tend to confirm the conclusi9ﬁs;réached.in Chapter II that
recalibration likely has little éfféct on the estimates of

3

person abilities. Support for this positicn may be found in
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Wright and Douglas (1977b) where, in simulated runs, randonm
disturbances in item calibrations could be as large as 1 logit
before distortions inm estimates  of abilities reached 0.1
lcgit. |

A second alternative for improving the ccncordance.
between ability estimates was éxplored._ Although the
calibration procedure eliminates low-scoring examinees for
purposes of item calibration, the ability estimates are given
for all persons in the sample.. fhus»the mean ability estimate
includes persons scdring below thé_chance level. It seemed
plausibtle that the overall K-S ;robability should improve if
person scores at the chance levél.én one.cr both tests were
excluded from the sample. . Tﬁe'19%o data Lkase was edited to
remove such. persons, and the  mean :ability_ estimates were
recalculated.. As a result, 15‘pe:sons were deleted f;cm the
sample. The reanalysis on 273 Eﬁpjécfs prcduced a prokakility
for rejecting the hypothesis of unit normality of 0.050... It
was felt thét the improvement;from 0.035 was not important,
and the reanalysis was not éafﬁied out c¢n the remaining
sanples. The lack of substantialvimprovement may have Leen
due, in part, to the small numier’of examirees eliminated from
the sanmple.

Each of the threé proceéures ten@ed to ccnfirm the
ccmmonality of the ability tfait on the two tests. . - This
result, however, is appliéahlé only to the very specific sets
of items assigned by the Stanford’Achievement Test developers
to the categories "arithmeti? feasoning" and Marithmetic

computation". It was pointed out in Chaptér I that at least
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one observer had noted an apparent overlap in content.. The
results may have been different had the twoAtests contained
items more truly representative of the two descriptors. .

In summary, the’ stanaardized difference - cores
appeared to be stable.. Neither the deletion. of nbn-fitting
items nor of persoms scoring belaw tye gﬁessing level had a
major effect on the distribqtiongqf scores., The hypothesis of
unit normality was not rejéétea gt the 0.01‘ level of
significance for any of the. threé samPles. The assumption

that the abilities measuréd by - the two tests sere

indistinguishable was consideréd to be upheld.

Item Calibration

i

Having accepted the assumption of unidimensionality,
the two tests were combined and treated as a single test for
the remainder .of the analyéis;; For each year the minimunm
acceptable score was set at 32. BICA; runs showed no zero
scores and no perfect scores on any of the three samples. . The
size of each calibration samplé,ié shbwn in Table 4.4. .

‘The use of a cut-off $c§re to eliminate examinees

scoring below the guessing level did not seriously affect the
sample size for calibration.. Generally, the tests were casy
for the students in each administraticn, prcducing few low raw
scores. The most serious case’;asbtheAinitial calikraticn of
the items in 1979 when 25 :out of the 288 examineeslwere
removed. . Nevertheless, this gccoqnted for less than 10% of

the sample. As Wright (1977b) points out, the standard error
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Table. 4.4
Number of Subjects in Each Calitration

Year Total Numker Subjects Scoring Subjects in

of Subjects Léss Than 32 Calibration
1964 296 s 292
1970 288 7 281
1979 288 25 | 263

of the item calibration is dominated by tbhe reciprocal of the
square root of sample size,. Ihlthis.instance, the minimum
sgandard error in the years 196&,;1979, and 1979 were 0.126,
0.129, and 0.133, Lased on  sémpl§s cf 292, 281, and 263,
fespectively.,_Rounded to two 'ﬁeciﬁai‘ places, the standard
errors are indistinguishable. . N

| The fit mean square standard errorxwas'0.0S in 1S64,
0.08 in 1970, and 0.09 in 1979. Thé items for which the fit
mean square (FMS) was four or more standard errors greater
than unity on the 1964, 1970,iand 1979 an;}yses are shown in
Table #4.5. (R=reasoning, C=com?utation),, Ttkeir discrimination
values (Disc) are also indicatéa*inAthe same table.

The items ma;ked with an'asterisk (*) in Table 4.5
demonstrated 1lack of fit oﬁ :two out of the three
administrations.  They accoﬁnted for 6 . of the 8 item§ not
meeting the fit mean square Critepion in 1964, 6 out of 7 in
1670, and 4 out of 5 in 1979;_.Eight items in total were

deemed not to fit the model._‘ The characteristics of these.

items are given in Table 4.6..
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Table 4.5
Items Not Meeting Fit Mean Square Criterion

-~ - s — - ——— - e ———— . ———

1964 1970 , 1979
Iten , ————- S —
Disc FNS - Item Disdg FUS - Item Disc FHMS
C 5% 0.47 1.32 R27% . 0. 11 . 1..32 R33 ° 1.02 1.41
R27%* 0.15 1.35 C43* 0.49  1.33 C43% 0.28 1.48
"R29% 0.19 1.38 R4S5%* 0.11 1.34 C40* 0.17 1.59
R45% 0.18 1.40 C33% 0.08 | 1.37 C 5% 0435 1.74
R 4% 0.59 1.43 C40* 0.49 " 1.40 R 4% 0.53 1.74
C33% 0,07 1.45 Cc 17 0.49 1.42 ‘

C 2 0.49 1.45 R29% 0.33 1.49
C1 0.79 1.59 i

1

*: items showing lack of fit on two of three administrations
i A :

[

Table 4.6
 Characteristics of Non-Fitting Itenms

——— oy e -

- - ——— —— ————— > ——

1964 11570 o 1979

Item — - o e

Diff Disc . FNS Diff Disc¢ FHS - Diff Disc FMS
R 4 ~0.52 0.59 1.43  -1.28 0.69 1.16 - =-1.34 0.53 1.74
R27 0.56 0.15 1.35 0.93 0.11 1.32 0.38 0.45 1.24
F29 2.37 0.19 1.38 2.44 0433 1549 2.07 0.58 1.26
R45 2.06 0.18 1.40 2.06 0.11 1.34 212 0.35 1,25
cs -1.33 0.47 1.32  =1.04 0.55 1.12  -1.48 0.35 1.74
€33 0.29 0.07 1.45 0.61 0,08 1.37 0.07 0.09 1.30
Cc40 3.33 0.50. 1,28 3.20 0149 1.40 2493 0.17 1.59

cu3 2.60 0.98 1.05 2.16 0.49 1.33 2.43 0.28 1.48

After deletion of thé eight items the set of
remaining items was recalitrated for each year using a minimun
acceptable score of 27. . 1In tho?e.three years there were 4, 5,
and 14 subjects scoring belcw 27, resulting.in the number of

subjects in the calikbration of 292, 283, and 274,
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respectively. The fit mean square standard errors remained
unchanged. Two more items deménstrated lack cf fit on two of
the three calibrations as shou# in Tablé 4.7. . Both items were
of high difficulty and both demonstrated consistent 1lack of
fit. Both were in the 20% ofithe.original items having the

highest fit mean square cn €ach adhinistraticn.

Lt

Table' 4,7
Non-Fitting Items on Recalibration

— —— ——— . — —  —— — — — . — . - — ———

1964 1970 1979
Item - - S ————— ——— -
Diff Disc FNS Diff Disc FHS ‘Diff Disc FMS
RU3 2.26 0.36 1.34 1.74 0.27 1.36 1.82 0.34 1.36

39 2.53 0.59 1.28 2.20 0.44 1.33 1.95 0.44 1.38

t

The two non-fitting itéms were deleted from the
analysis and the remaining 7§‘items were recalibrated.  The
minimum acceptable score was set at 26. This resulted in the
deleticn - of 3, 5, and 13 subjects,:leaving 293, 283, and 275
in the ca;ibration sample fer 'each year, . Eit mean square
standard errors were unchanged..  'The ill-fitting itenms for
each year are shown in Table~m;8,

"The only item shoﬁiné lack of fit on two
administrations was C13, 1In gachiinstance the fit mean square.
was close +to the critical fvéiue.r In 1970 and 1979, the
critical fit mean square values ﬁe:e 1.32 and 1.36; the values

+ )

for Item C13 were 1.32 and J,37. It was considered likely
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Table u.8.

I11-Fitting Items in Final Calibration

- . ——— — — - —— — . - ————

1964 - 1870 1979

Itenm -— ——— - - ———————

Diff Disc FMS Diff Disc ‘FMS Diff Disc FES
R 8 ~0e75 064 1,42
E28 2.12 0.14 1.37 L
k33 -1.47 0.55 1.48
C 2 ~1e¢12 0.60 1.92 A
C 4 -3.20 0.61 1.33 ;
c 7 ) -0.84 0.51 1.48
Cc13 1.03 0.39 1.32 0.17 0.51 1.37
c21 -1.25 0.67 1.39 L

that the deletion of this item woﬁld bring akout only marginal
improvement in calibraticen, and the deletion rrocess was
stopped. . In summary, the ten fﬁems deleted were R4, R27, R29,
R43, R45, and C5, C33, C39, cuq; éu3,}

The valge of a two—pétt crifericn for assessing the
fit of items to the model wa§ borne out ty an inspection of
Table U4.5., Items were designatédqu nonjfitting if, on tso of
the three administrations, they demonstrated a fit mean square
four or more standard errors vggeater tﬁan unity, and a
discrimination index 1less than.OJI.; In Takle 4.5, it can be
seeﬁ that the same .eight items wéplh have been deemed non-
fitting had only the £fit meaﬁ square criterion béen used. .
This is explained by the high Qegétivevcor:elation between fit
mean square and disc;iminationt }196&: -0.66; 197C: -0.90;
1979: -0.83) .. However, had' such 4a single criterion been

i

adopted, on recalibration, three more . items including the two
_ , "

deleted using the two-part criterion, ﬁould have been deleted. .
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This, 4in turn, would 1likely Ihéve led to the deletion of a
further three items on the second  recalibration, with more
deletions possible. . Thus, ihe second part of the criterion
formed a valuakle check on the dele£ion pIccess.

The problem .of using é’ gingle criterion was
encountered by Fryman (1976)f:who adopted the criterion'of a
chi-square probability leés khap o% eéual to 0.05 for
rejection of an item. Aépiying this to aﬁ_ existing

Mathematics Placement test of ﬁOOvitems, and using a computer

(I
i

program different from BICAL,=hé,eliminated 13 items cn the
first calibration, 18 on the sgécnd, 12Ion the third, 7 cn the
fourth, and 8 on the fifth. A£‘this‘éoint he stopped since
his gtated intent was to deveiop,an instgument which could 5e'
completed in a maximum of cne thr.” Iﬁ his conclusicn, Fryman
cited Kifer, who suggested using‘ah aqditional criterion lkased
on the slope (discrimination).l.ihéf suggestidn results in a
criterion similar to the one uééd in the present study..

A useful statistic which might have given objective
evidence for the improvement in the eétimates of parameters
after recalibration 1is the overall chi-square statistic
described in Chapter II. This”ét§tistic ccmrares the observed
and expected values across the entire raw scoresitem matrix..
In the documentation for the ?foéram‘BICAL, Wright and Mead
(1578) indicate how the statistieican'be ccnstructed. It is.
regrettable that they did not inclqde“it.in their progranm.

The Rasch model appears to be suitable.forydeteéting

test items whose psychometric properties are suspect. . With

one exception, the non-fitting i{éms_consistently demonstrated
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high fit mean square and low disctimination._ The only item
which appeared to fit well in cpé year but not the others, was
C43; in 1964, both £fit mean square and discrimination uere
quite acceptable. It must be képt.in mind that the «criterion
deleted items showing generally poor test characteristics on
all three administrations_, :The#é still remained in the
analysis those itens sﬁowingl lack of £fit c¢n a single
administration.  For example, in<196u( Items R28, C2, C4, and
C21 did not meet fit criteri@ii In some cases the reason for
the éingularity of lack of fit Qas evident.  Fecr examp;e, in
1564, Item C4 was answered ébrfectly by 57.3% of ‘the
examinees, providing .little.»écépe for any discriminating
Fcwer. Oon the other hand, for R28, a difficult item, there
was evidence of consistent gueésiﬁ§ across éll three years,
but only in 19€é4 did the figures exceed the critericn.

Six of the ten deléted items were high difficulty
items. The explanation of this)fact may lie in the tendency
of students to'guess cn such items.,

An inspection of sémé oﬁ the deleted items yielded
possible explanatiomns feor lack of fit, Fcr example, item C33
was: |

ada 15 n. 8 cm. .

One would expect the item to show 1little discrimiration
between high ability -and lowzéability students, since the
ccrrect answWwer could be obtained by adding the compcnent
parts, without any knowledge of .the écnve:sicn factor from

metres to centimetres.. Item CUQ, on the other hand, turned
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out to be one of the two most difficult items on the test. It
required the multiplication of +qa'and- -3, an inappropriate
iten for Grade 7 students in British Columbia, since
oreraticns on integral algeb;éic expressions have never been
part of the curriculum at that:level,,‘Results no hetfer than
chance could be expected, and wé;e obtained.. On the other
hand, +the reason for deletiop .of Itenm Rﬁ remains obscure.
There appears to be no obvious.fiaw in: "Dot's mother is going
to buy tomato plants to set ouf.; There are to be 14 rows with
18 plants in eéch row, How maﬁy_éiants will be needed?”

On the initial calibration,.none of the items showed
lack of fit on all three administrations,, Six of the. eight
ncn-fitting items showed lack of fit on two successive
administrations. This may ‘iﬁdiqate changing trends in
curriculunm related to each ‘itém.; For example, C43, a
difficult question on simple intérest, shcwed consistently
.increaéing fit mean square Snd; decreasing discrimination
across time, This may reflect a move away from teéching this
tcpica .

Final itenm difficulties‘ generally were located in
the interval from -3;0 to +3.0 iqéits,,.ODIy one ¢r tvwo items
in each calibration fell‘oufsiderthese limits. This was to be
expected since the initial difficuity estimates were set at
lp[%#incorrect/%correct]. For aﬂaifficulty value of +3.0, for
example, approximately 95% of\tﬁe.fesponses would have to be
incorrect, and this is roughly‘thé upper limit for +the usual
standardized test. .Item difficu%ties and their standard

errors are shown in Table 4.9. .
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4.9

Item Difficulties and Standard Errors

| 1964 1970 1979
Itenm -—- ———— ———m . -
Diff std Adj Diff Std " Adj Diff sStd Adj
) Err Diff - Err Diff Err Diff
F 1 -2.26 0433 -2.26 -2.28 0,30 -2.03 -2.63 0.30 -1.94
R 2 =-2.37 0,34 -2.37 -2.19 0,30 -1.94 -1.53 0.20 -1.25
E 3 =-2,79 0.42 =2.79  -2.37 0.31 -2.12  -1.96 0.23 -1.27
E5 -1.16 0.21 -1.16 -1.72 0.24 -1.47 =-1.42 0.19 -0.73
R 6 =1.45 0,23 =1.45 -1,97.0.26 -1.72 -1.69 0.21.-1.00
R7 -0.25 0.16 -0.25 =-0.45 016 -0.20 _-0.48 0.15 0.21
R 8 =-0.82 0.19 -0.82 =-0.75 0.17 =0.50 -0.83 0.16 ~C. 14
R9 -0.66 0.18 -0.66 =-0.38 0.16 -0.13  -0.27 0.14 0.42
R10  =-0.32 0.16 -0.32 -1.00 0.19 -0.75 . -0.99 0.17 =-0.30
E11  -1.30 0,22 -1.30 -1.03 0.19 -0.78 -0.93 0.16 -0.24
R12 -0.32 0.16 -0.32 -0.69 0.17 -0.44  -0.50 0.15 0.19
R13  -0.72 0.18 -0.72 -0.93 0.18 -0.68  -0.29 0.14 0.40
R14 0571 0.13 0.71  0.51 0.14 0.76 =0.19 0.14 0.50
E15  -0.13 0415 -0.13 -0.19 0.15 0.06 0.13 0.14 0.82
R16 -0.20 0.16 -0.20 0.04 0.14 0.29 0.68 0.13 1.37
E17  -0.35 0.16 -0.35 =-0.53 0,16 -0.28 -0.29 0.14 0.40
B18  -0.15 0.15 -0.15 -0.06 0.15 0.19 . -0.44 0.15 0.25
E19 0.41 0.14 0.41 0.22 0.14 0.47 0.24 0.14 0.93
E20 0.46 0.14 0.46 0.40 0.14 0.65 0.11 0.14 0.80
F21  0.00 0.15 0.00 -0.24 0,15 0.01 -0.10 0.14 0.59
R22 -0.38 0.16 -0.38 0.40 0.14 0.65 0.48 0.13 2.17
23  -0.20 0.16 -0.20 -0.28 0.15 -0.03 0,07 0.14 0.76
R24 1.86 0.13 1.86 1.47 0513 1.72 1.11 0.13  1.80
E25 1.39 0.13 1.39 1.30 0.13 .55 1.40 0.14  2.09
R26 0.98 0.13 0.98 0.79 0.13 1.04 0.66 0.13 1.35
F28 212 0.13  2.12 1.68 0.13 1.93 1.04 0.13 1.73
E30 2.09 0.13 2.09 2.16 0.4 2.41 2.19 0.16 2.88
E31 -0.85 0.19 -0.85 -1.61 0.23 -1.36 -2.07 0.24 -1.38
R32 0.64 0.13 0.64 0.42 0.14 0.67 =-0.31 0.14 0.38
B33  -0.51 0.17 -0.51  -1.47 0,22 -1,22 . -1.19 0.18 -0.50
R34 1.68 0.13 1.68 ~ 1.18 0,13 1.43 0.92 0.13 1.61
F35 -0.57 0.17 =0.57 0.42 0.14 0,67 0.47 0.13 1.16
R36 0.64 0.13 0.64 0.42 0L14 0.67 022 0.14 €.91
F37 0.69 0.13 0.69 0.66 0,13 0.91 . =0.50 0.15 0.19
E38 -0.15 0.15 -0.15 =-1.00 0.19 -0.75 -0.46 0.15 0.23
39 0.27 0.14 0,27 0.42 0.14 0.67 .0.11 0.14 0.80
R40 1.36 0.13 1.36 0.83 0,13 1.08  0.95 0.13 1.64
R4 1 1.90 0,13 1.90 1.12 0,13 1.37 048 0.13 1.17
RU2 0037 0.14  0.37 0.33 0.4 0.58 =-0.29 0.14 0.40
F44 1.86 0.13 1.86 1.55 1.40 2.09

1.30

0.13

0.14
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Table 4.9 - coﬁt'd..

1964 ' 1570 ’ 1979
Item . . ————————— —————— e
Diff sStd Aadj Diff Std Adj Diff std adj
Err Diff Err Diff Err TDiff
C 1 =2.79 0.42 =2.79 =1.67 0.23 -1.42 =1.56 0.20.-0.87
€2 -1.12 0.21 -1.12 -1.78 0,24 -1.53 -2.07 0.24 -1.38
€3 -1.56 0.284 =1.56 -1.29 0,20 -1.04 -1.28 0.18.-0.59
C 4 —-3.20 0.51.-3.20 -3.42 0451 -3.17 -2.93 0.34 -2.24
C6 .-0.820.19 -0.82 -1.61 0.23 -1.36 -1.53 0.20.-0.84
C7 -0.69 0.18 -0.69 -0.84 0.18 -0.59 =-0.73 0:16 -0.04
C8 =-1.30 0.22 -1.30 =-1.25 0,20 -1.00 =-1.04 0.17.-0.35
C9 -0.85 0.19 -0.85 =-0.69 0.17 -0.44 . -0.64 0.15 0.05
C10 ~-1.40 0.23 -1.40 -0.90 0.18 -0.65 =-0.27 0.14 0.42
C11  =0.51 0.17 -0.51 0.22 0.14 0.47 0.54 0.13 1.23
€12  -1.25 0.22 -1.25 -0426 0.15 -0.01  -0.96 0.17.-0.27
' CA3 0.33 0.44 0.33 1.03 0.13 1.28 0.17 0.14 0.86
c14 .31 0,14 0.31 1.10 0213 1.35 0.64 0.13 1.33

C15 =0.72 0.18 -0.72  =0.69 0.17. -0.44  =0.29 0.14 0.40
c16 0.03 0.15 - 0.03 0.79 0.13 1.04 0.17 0.14 0.86
c17 0.48 0.14 0.48 0,22 0.14 0,47 0.17 0.14 0.86
c18 0.00 0.15 0.00 0.95 0.13 1.20 0.33 0.13 1.02
c19 0.27 0.14 0.27 0.96 0.13 1.21 0.87 0.13 1.56
€20 0.05 0.15 0.05  0.91 0.13 1.16 0.45 0.13 1.14
€21 =1.25 0.22 -1.25 =1.67 0.23 -1.42 _=-1.04 0.17 -0.35
c22 0.46 0.14 0.46 0.88 0.13 1,13 1.36 0.14 2.05
c23 0.07 0.15 0.07 =-0.87 0.18 -0.62 =-0.53 0.15 (.16

c24 1.21 0.13 1.21 1.25 0,13 1.50 1.22 014 1.91
Cc25 0.11 0.15 0.11 -0.28 0.15 -0.03 °~ -0.53 0.15 0.16
C26 - 1.05 0,13 1.05 1.03 0.13 1.28 0.97 0.13 1.66

c27 0.23 0.14 0.23 0.90 0.13 1.15 2.36 0.16 3.05
c28 Ve 35 014 0435 0.79 0.13 1.04 1.98 0.15 2.67
c29 0.25 0.14 0.25 -0.02 0.15 0.23 - =-0.50 0.15 0.19
C30 -0.57 0.17 -0.57 -0.78 0.17 -0.53  -0.88 0.16.-0.19
C31 -0.54 0.17 -0.54 0.16 0.14 0.41 0.40 0.13 . 1.09

€32  1.37 0.13 1.37 1.58 0.13 1.83 0.88 0.13 1.57
c34 1.93 0.13 1.93 2.68 0.16 2.93 2.00 0.15 2.69
€35 .-0.06 0.15 -0.06 0.16 '0214 0.41 0.48 0.13 1217

C36 -2.06 030 -2.06 -1.97 0.26 —1.72 —-1.45 0.19 -0.76
€37 © 2.05 0.13 2.05 0450 0.14 0.75  ~1.71 0.14 2,40
c38 2.17 0.13  2.17 2.45 0.15 2.70 2.09 0.15 2.78
ci1 1.70 0.13 1.70 1.75 0.13 2.00 1.75 0.14 2.044
c42 1.32 0.13 1.32 0.90 0.13 1.15 1.08 0.13 1.77
cuy  3.41 0.17  3.41 3.82 0,22 4.07 3.36 0.22 . 4.05
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For each calikration the standard error of item
difficulty ranged approximately from 0.130 to 0.400.. On each
test, items nearest ig difficulty to Fhe mean .ébility were
calibrated with the 1lowvest bstandard. error.- The effect of
changing mean abilities was notAgtéAt.  Fcr example, an itenm
of average difficulty on eachléf the three administrations had
a standard error of 0.148, 0.145, énd 0.137 in 1964, 1970, and
1979. The constant decreaSé,in standard error reflects the
mcvement of the mean abilities fowafd the <centre of the
difficultysability scale.. | |
Final summary statistics fpr‘abilities based cn the

79 remaining items are given in Table 4.10.

Table 4.10

Summary Statistics for Abilities

Year Meag( - SeDae
1964 .39  0.93
1970 1.14 0.96

The decline in the mean raw scores on the test 1is
reflected in the changing mean abilities,, In 1964, the mean
ability was 1.39, considerably above the zero point of the
scale. 'By 1979, the mean abiliﬁy}score had declined to 0.70..
In Rasch terms, this meant that, when confronted with any
item, the odds on success fori the averagé 19€4 student

ccmpared with that of 1979 were twice as great. This is
i
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arrived at by determining the value of ¢ raised to the power
1.39 - 0.70. It is coincidental that one mean ability value
alsc happens to be twice the othet;:

| Because mean abilities. were consideralkly greater

than zero, the tests resulted in iagger standard errors of

person measurement for most examinées than would have been the
P

case had the tests been less difficult, That is, if the mean

abilities had been centred aroqﬁds ier, the measurement of

person abilities would have;#éen more frrecise., However, the

differences were not great: fdt the Wworst case, in 1964, the

t

standard error for the averége student was 0.29 as cchpared

with a possible 0. 26. i

Changes in Item Difficulty

For each pair of years two standardized difference
values for each item were .calculated: one reflected relative
difficulty change within the sét .5; items, and the second
reflected absolute change of diffigulty across time. For
changes in relative difficulty Athe standardized difference
score was determined by 'sﬁbtracting the +two difficulty
ecstimates and dividing by the éoo;éd standard error of the
difficulty estimates. The resﬁlting distributions and
Kolmogorov-Smirnov statistics are shown in Takle 4.11.

In all cases the hypsfhesis of wunit ncrmality was
rejected at the 0.01 1level of siénificance. Thus, for all
ccmparisons, the omnibus test ‘indicated that the relative

difficulty levels of scme items had changed. .
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Table 4.11

Distributions of Standardized Scores Related
to Relative Change in Item Difficulty

e A A . S . — . — T T — T - — - ——— - ——  — —— — —— —— —— - — . . — — T

Comparison Mean S.D. . Skew k Kurt K-S Z P
1964-1970 0.00 2.38 -0.15 0.70 1.71. 0.006
1970-1979 -0.10  2.30 0,34  1.22 1.85 0.002

1964-197S -0.13 3.03 0.45 1.24 2.30 0.000

In Table 4.11, the negative mean standardized scores
indicate that more items we;e»réiafively easier in 1979 than
~in 1964 or 1970. However, since the difficulties are <centred
on their own mean for each ieat,Zthe algebrﬁic sum cf the
shifts in difficulty for each year must be zero. . This. gould
iﬁply that, although fewer ite@s were relatively more
difficult, their average change,in difficulty was greater than
that for the items which had !bécomé .eésier_, For example,
there was a sharp increase in the.rélative difficulty of Items
c27 and.C28 unmatched ky a similar éhift for any easier items.

The criterion for Aeciding that a particular iten
hadlchanged in difficulty was a.standardized difference value
whose absolute value exceeded ftwé. Items which changed in
relative difficulty in at least‘ope cqmparison are sho#n in
Table 4.12a A plus (%) indicétes‘ﬁhat the item had become
more difficult in the latter year, 5 minus (-) indicates less
difficulty, and a zerc (0) indicates né chénge;_

Summary statistics for cﬁanges in ‘relative item

difficulty are given in Table 4.13. .
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Table 4.12

Items Changing in Relative Difficulty

Itemn 1964-70 1970-79 1964-79 . Item 1964-70 1970-79 1S€4-79
E 2 0 0 + .c 1 + 0 +
E10 - 0 - Cc 2 .- 0 -
R13 0 + 0 . .C 6 - 0 -
K14 0 - - Cc10 ¢ + +
K16 0 + ! + c11 + 0 +
R22 + 0 + c12 + - 0
R24 - 0 - c13 .+ 0
E28 - - - C14 + 0
R31 - 0 - Cc16 + - 0
R32 - - c18 + - 0
R33 - 0 - c19 + 0 +
E34 - 0 - Cc20 + - +
R3S + 0 + c21 0 + 0
E36 0 0 - c22 + + +
R37 0 - - c23 - 0 -
F38 - + 0 . C25 0 0 -
R4O - 0 - c27 .+ + *
41 - - - c28 + + +
RU42 0 - - c29 0 - -
R4 4 - 0 - C31 + 0 +

ciz 0 - -
Cc34 + - 0
C35 0 0 +
Cc37 - B 0
C42 - 0 0

+: items increasing in relative difficulty in latter year
-: items decreasing in relative difficulty in latter year
0: items showing no change in relative difficulty

Table 4.13

Number of Relative Difficulty Changes

Comparison Easier in '~ Harder in

Latteerear‘ Latter Year
1964-1970 1w 16
1970-15879 15 ¢ 9
~1964-1979 20 - 14
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For the omnibus test  of absoluté change in
difficulty a procédure‘similai to that outlined for relative
difficulty was followed.. In +this instance, however, .the
difficulty of each item was adjusted tc the 15é4 scalevby
adding the difference between thevmean sample abilities.. To
the difficulty levels of the 1970vit§ms the value of 0.25 was
added to compensate for the decregsed level cf ability of the
1970 sample. .  To the 1979 diffiéultyylevels, 0.69 was ;dded.
These values were obtained by'sﬁb£racting the mean abilities
shcwn in Table 4,10 for theifears in the coﬁparison,. The
adjusted difficulties are shown in. fable 4.9. . Table. 4.14
spows the results of the gnalysis cn these adjusted

difficulties.

Table 4. 14

Distributions of Standardized Scores Related
to Absolute Change in Item Difficulty

- — . o ——— — — — ——— — - - > — —— . o — — —— " - w———

Comparisoh‘ ‘Mean S.D,,. Ske§> Kurt =~ K-S Z P
1964-1970 1.11  2.40 -0.04 ' 0.56 3.10  0.000
1970-1979 1.91  2.26  0.57  1.60 5.21  0.000

1964-1979 2.97 2497 0.68 1.52 6.05 0.000

The null hypothesis of unit normality was rejected
at the : 0.001 level of significhgce,in all three comparisons. .
Hence, in all comparisons, the absolute difficulty 1levels of

some items had changed. .
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In Table 4.14, the mean values indicate a constant
trend toward increasing difficulty. There is no dcubt that
the distributions reflect mdge tﬁan just random error in
difficulty calibrations.. 1In fthis case, there are no
ccnstraints on the movement of‘itgm difficulties as there were
for relative difficulty. The difficultﬁ values incorpcrate
both change in relative diffiéuitj due to <changing em;pasis
within fhe curriculum and the;effeét of the changing ability
of the sanmples. .

To determine absclute chqnées in item difficulty,
again the criterion of a stahaérdized difference value whose
absolute Qélue exceeded 2 'was 'uéed., Items changing in
absolute difficulty are given’iﬁ fable 4.15.

Summary statistics fo:' changes . in absolute item
difficulty are given in Table 4,16,

The separation of the.difficulty estimates into the
categories of relative and aﬁsclute can provide valuable
information on change. . For exéméie, from Takle 4.12, it can
been seen +that Items R14, R32, R37; R42, C29, and C32 were
relatively easier im 1978 thén ;in both 1964 and 1970..
However, the effect of the geﬁe?al decline in akility was to
eliminate- those changes, leaQing five cf. the =ix items
unchaﬁged in absolute difficﬁl;y,“ On the other hand, the
rglative gain in performance oh :Iteﬁ R37 was sufficiently
large to outweigh the decline iﬁ ;eneral abilitj, and the item
was éasier in 1979 than in pée%ious years, as seen in Table

4. 15. .
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Items Changing in Absolute Difficulty

- ——— - — - ———— . —— T ——— . > ——— — —

Item 1964-70 1970-79 19€4-79 ‘i;Item 1964-70 1S70-79 1¢64-79
E 2 0 + + , C 1 + 0 +
R 3. 0 + + c 3 0 0 +
E 5 0 _+ 0 c 7 0 + +
R 6 0 + 0 C 8 0 + +
BE 7 0 0 + c 9 0 + +
R 8 0 0 + c10 + + + .
E 9 + + + C11 + + +
R11 0 + + Cc12 + 0 +
E12 0 + o+ Cc13 + - +
R13 0 + + c14 o+ 0 +
k15 0 + + c15 0 + +
K16 + + + C16 _+ 0 +
R17 0 + _+ Cc18 + 0 +
R19 0 + + c19 + 0 +
E21 0 + + €20 + 0 +
R22 + + + c21 0 + +
E23 0 + + c22 + + +
R25 0 + + Cc23 - + 0
E26 0 0 + C24 0 + +
k28 0 0 - C26 0 + +
E30 0 + + c27 + + +
R33 - + .0 c28 + + +
E35 +- + + Cc31 + + +
R37 0 - - c32 C+ 0 0
R38 - + 0 C34 + 0 +
R39 + 0 + C35 + + +
k40 0 + 0 Cc36 0 + +
RY41 - 0 - C37 - + 0
R4y 0 + 0 €38 + 0 +

cu1 0 + +

cu2 0 + +

cuy + 0 +
Table U4.16

Number of Atsolute Difficulty Changes

Comparison Easigr in Harder in
Latter Year Latter Year

- - -

1964-1970

5 24
1970-1979 2 41
1964-1979 3

49
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There is a caveat regarding any conclusions drawn.on

changing difficulty for an indivi@ual item. . The critericn for
deciding change was a standardized difference for which the
absolute value exceeded two, This is equivalent to setting an
approx1mate alpha level of O 05., With the large numker of
comparisons made, the prohablllty 1s very high that a Type I

error will have been made on at least one ccmparlson.

!
i

Changes in Content Area leflculty

The . deletion of non~fitting items resulted 1in
changes in the items constituting each ccntent area,, The
items Wthh failed to fit the model came from across the range
of currlculum topics. . Seven out of the ten toplcs lcst one or
two items.. The most serious effect likely was on Topic #10,
Units of Measure, which lost~onefof its four items, <ferther
weakening a group already containing feﬁ elements, ., The
revised '‘item groupings were-as.folloﬁs:

1. .Whole number ccncepts'and operations (WNC) .- 10 itenms

R: 14, 51, 41

c:1, 4, 6, 7, 8, 9, 18

2, Applications usrng whole:numbers (WNRa) - é itens

R: 1, 2, 6, 15, 22, 28, 32

C: 31



131
3. Common fraction concepts and operations (CFC) - 12,
items
‘R: 33, 34, 44
c: 10, 11, 12, 13, 15, 21,‘22, 24, 36
4, Applications using common fractions (CFA) - 8 items
R: 8, 9, 11, 13, 16, 19, 21, 23
5« Decimals (Dec) - 11 itéms' |
R: 5, 17, 35, 37, 39
c: 2, 3, 16, 17, 20, 32
6. Momney (Mon) - 7 itenms |
R: 3, 7, 10, 18, 20, 36
C: 38
7. Percent (Pct) - 7 items
R: 25, 30, 42
c: 14, 19, 35, 41
8. Elementary algebra (Alg) - 7 items
R: 12, 26, 38, 40
c: 23, 37, 42
9. Geometry and graphing.(Geo)‘é 6 itenms
c: 25, 26, 29, 30, 34, 44
10. Units of measure (Mea) - 3/itenms
R: 24 i ; é

c: 27, 28

For each content area the mean difficulty was
calculated.  The standard error of1the mean was determined by
summing the =squares of the ‘copétituent standard errors,
dividing by the number of items in thg grcup, and taking the

square root of the result. Mean ialues, standard errors of

|
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the mean, and means adjusted to the 1964 scale for each

adpinistration are shown in Tabie 4,17«

i
§

Table 4,17

Summary Statistics for Content Areas

— - - -——— —— -

1964 L 1970 1979
Content . A , e —— e —————
Area Mean Std Aadj Mean Std Aadj Mean Std Adj
‘ Err Mean ~ Err Mean : Err Mean

1. WNC -0.79 0.18 -0.79 =-1.04 0.24 -0.79 -0.99 0.20 ~0.30
2. WNA  -0.55 0.22 -0.55 =0+50 0.21.-0.25 -0.51 0.18 0.18
3. CFC  =0.18 0.19 -0.18 =-0.09 0.16 0.17 0.03 0.15 0.72
4. CFA  -0.44 0.17 -0.44 -0.42 0.16 -0.17 -0.18 0.14 0.52
5. Dec  =0e17 0.17 -0.17 -0.03 0,17 0.22 =-0.30 0.16 0.39
6. Mon -0.03 0.21 -0.03 -0.09 0.19 0.16 -0.21 0.16 0.48
7. .Pct 0.87 0.14 0.87 111 0,14 - 1.36 1.01 0.14 1.70
8. Alg 0.76 0.14 0,76 0.07 0.15 0,32 0,42 0.4 1.1
9. Geo 1.03 0.15 1.03 1.08 0.17 1.33  0.74 0.16 1.43

10. Mea 0.81 0.14 (.81 1.05 0.13 1.30 1.82 0.15 2.51

1 ¥

In all three administraticns, the crder of
difficulty of the +ten conten;‘éfeaé was roughly the same as
their numerical order, thleh'Nﬁmbers being easiest with
chmetry, Percent, and Units of ﬁeasure consistently beinc the
most difficult.  The .standéré‘ error cof fhé means tended to
decrease to a minimum value as tﬁe mean group difficulty
approaqhed the mean ability for théjyear.u In general, as the.
mean difficulty increased, the ;tqndard error decreased. .

To determine relati&gl éhange, the  standardized
difference of the content é;;a‘ means for the years in the
ccmrarison was determined. . Anf?;standardized difference of

means for which the abscluteiﬁalue was greater than two was
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taken to indicate a change. .

To determine absolute change a similar procedure was
followed. . In this case, the. cqmparison was made of the
difficulties adjusted to the JQGQ scale, The standard errors
of the means were the same as iﬂ the teét for change in
relative difficulty. . ! '

The results of both relative and absclute

ccmparisons are given in Table 4.18. .

Table 4,18

Changes im Content Area Difficulty

— -

1964-1970 . 1970-1979 1964-1579

Content No of --f------r—--47-—~--f‘-—-f -----------------
Area Itens Rel  Abs ' Rel  Abs Rel Abs
1. WNC 10 0 0 0 0 0 0
2. WNA 8 0 0 0 0 -0 +
3. CFC 12 0 0 . 0 + 0 +
4. CFA. 8 0 0 0 + 0 +
5« . Dec 1 0 0 0 0 0 +
6. Mon 7 0 0 0 0 0 0
7. Pct 7 0 + 0 0 0 +
8. Alg 7 - - 0 + 0 0
9. Geo 6 0 0 0 0 0 0
3 0 + + + + +

10. Mea

The range of the stamndard érror ct thé difference of
means in the year to year compa;isons was approximately 0.20
for the higher difficulty t?piés to 0.30 for those.of less,
difficulty. Thus, in order ‘to be found significantly
different, the measures had to aiffer by roughly 0.40 to 0.60

logits. For each ccmrarison, 'cnly cne topic changed in

i
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relative difficulty..  On absolute difficulty, however, there
was evidence for increasing difficulty, with six of ten
content areas more difficult ih 1979 than in 1964. The sole
excerption was the Elementary Algebra section which Lecanme
easier from 1964 to 1970, bﬁt that advantage was lost from
1970 to 197S.. |

The interpretation of these results must ke tempered
by the knowledge_that the cohfent_ areas were made up of
differing numbers of items. = The statistical procedure for
deciding that a change had cccﬁrreq did nct take this factor
into account. . The degfee qf: confidence with which
generalizations can be made is dependent upcn the number and
representativeness of the itemg subsumed under ény one tcpic. .
For example, although Topic #10, _Units.lof Measure, showed
ccnsistently increasing diffiéuliy, that urit contained only
three items; one on time which was unchanged iﬁ difficulty,
and two on Imperial units of wéight; the latter two deminating
the former.  lNore confidence'shoﬁld be placed in conclusions
reached on  say, Topic #3, Cqmm6n Fraction <Concepts and

Orerations, which contained 12 diverse items. .

Comparison of Results Using Rasch and-Traditional Procedtres

To determine whether decisions on change would
differ depending on whether the Rasch model c¢r the traditional
arrproach vere used, a further aﬁalysis was made of tke 79
retained items. P-values, - in the form of the percentage of

.incorrect responses on <€ach item for each year, were
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calculated, along with the standard error associated with cach
P-value. The usual standardized ditference’ séores were
calculated. The results are shown in Table 4.19. If the

-~

absclute .value of ‘the standardized differenpe,excéeded two,

the item was presumed to have éhéﬁge@.in absolp;e difficulty..

Discrepancies betweeﬁjéécisicns méde using the two
mncdels were observed in 27 cases ‘oﬁt of '£héi'237 iten
comparisons made. . The items'on:ﬁhich Qiscrepancies occurred
and“the.nature of those discregan%ies are shcwn in Table 4,20. ..

On 241iteﬁs; use of éhe tréditional model would }ead
to the judgment of increasing aiffigulty,Awhereaé a comclusion
of no chamnge would be made using the Rasch model.’ In three
cases the Rasch model indicateq qecéeaSing difficulty, while
the traditional app;oach inéicated no change.  The mean
percent difficulty of the 24 i#ems‘waé'22.7, and that of theA3
items, 46.6. i

An analysis' of conteﬂt area difficulty parallel +to
that previously described for the Rasch model vas carried out
using P-values, traditicnal staﬁdgrdverrors, and the custcmary
standardized difference of group means.. In this case only the

absolute change in difficulty .was determined from year to

year. The results are shown in Table 4.21.
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Table 4.19.

Traditional Analysis of Change

— -~ o — —— -

Percent Incorrect  Standard Error Stand. Difference

Item -_— -— - —————————— e —
1964 1970 1578 1564 1970 1979 64-70 70-79 €u4-79

R 1 4.43 6.60 11.81 1.24 1.47 1.90 0.97 2.17 :z.12
E 2 4.39 6.60 19.10 1.19 1.47 2,32 1.17 U4.56 5.64
R 3 3.04 5.90 14.24 1.00 1,39 2,06 167 3.35 U4.88
5 10. 47 9.03 18.75 1.78 1.69 2.30 . -0.59 3.40 2.84
k 6 -8.45 7.64 17.36 1.62 1.57 2.24 -0.36 3.56 3.23
R 7 19.93 21.87 31.94 2.33 2;40 2.75 0.58 274 3.33
R 8 13.51 17.71 25.35 1.99 2.25 2,57 1.40 2.24 3.64
E 9 15. 20 22.22 '34.03 Z2.09 2.45 2.80 2.18 3.17 5.39
E10 18.92 14.58 23.96 2.28 2,08 2.52 -1.40 2.87 1.48
E11 9.12 14,58 23.96 1.68 2.08 2.52 2.04 2.87 4.90

R12 . 19.26 18.40 30.21 2.30°2.29 2.71 -0.26 3.33 2.08
F13.  14.19 15.28 31.94  2.03 2,12 2.75 0.37 4.79 5.19
R14  36.49 37.50 34.03 2.80 2.86 2.80 0.25 -0.87 -0.62
E15 21.62 25.69 41.67 . 2.40 2.58 2.91 1.16 4.11 5.32
R16  20.61 28.82 51.04 2.36 2,67 2.95 2.30 5.58 €.06
R17  18.92 20.14 32.99  2.28!2.37 2.78 0.37 3.52 3.92

R18  21.62 27.43 30.56  2.40 '2.63 2.72 1.63 0.83 Z.46
E19  30.41 31.94 42,71  2.68 2.75 2.92 0.40 2.68 3.11
R20  31.42 35.42 40.28 2.70 2.82 2.90  .1.02 1.20 2.24
F21  23.65 24.31 35.76  2.47 2.53 2.83 0.19 3.02 3.22
R22  18.58 35.42 47.22 2426 2.82 2,95  4.65 2.89 7.71
F23  20.61 23.95 38.89  2.36 2.52 2.88 0.97 3.90 4.92
CR24 59,80 57.29 60.07  2.85 292 2.89 -0.61 0.68 0,07
F25  50.34 53.47 64.93  2.91 2.94 2.82 0.76 2.81 3.60

R26 =~ 41.55 43.06 51.04 2.87 2.92 2.95 0037 1.92 2.31
K28 64.86 61.11 59.38 2.78 2.88 2.90 -0.94 ~-0.43. -1.37
R30 64.19 70.14 78.13 2.79 2.70 2.44 .53 2.19 3.76
K31 13.18 9.72 14.93 1.97 1,75 2,10 -1.31 1.90 0,61
R32 34.80 35.76 32.29 2.77 2.83 2.76 0.24 -0.88 -0.64
E33 16.89 11.11 21.E53 2.18 1.86 2.43 -2.02 . 3.41 1.42
R34 56.42 51.04 55.21 2.89 2.95 2.94 -130 1.00 -0.29
E35 15.88 36.11 47.22 2.13 2.84 2.55 5.71 2.72 8.62
R36 34.80 36.11 43.40.  2.77 2.84 2.93 0.33 1.79 z.13
E37 35.81 40.62 30.21 2.7% 2.90 2.7 120 -2,62 -1.44
R38 21.28 14.93 32.29 2.38 2.10 2.76 -2.00 5.00 3.02
R39 28.04 36.11 39.58 2.62 2,84 2,89 - 2.09 0.86 2.96

R40 49.32 44.10 57.64 2.91 2.93 2.52 . =1.27 3.28 2.02
K41 6047 49.65 U47.22 2.85 2495 2.95 -2.64 -0.,58 -3.23
R42 29.73 34.03 33.68 2.66 2.80 2.79 1«11 -0.09 1.02

- K44 59.80 53.47 65.28 . 2,485 ZQSQ 2.81 -1.54 2.90 1.37
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Percent Incorrect

Standard Error

137

" Stand. Difference

90.62

2.09

1.69

1.72

2-30

'0.14

tem - : SR UL ——————

1964 1970 1979 1964 1570 1979  64-70 70-79 €4-79
c 1 3.38 9.37 17.01  1.05 .1.72 2.22 2.97 2.72 5.55
C2 10.81 9.03 14.93 1.81 1.69 2,10 =-0.72 2.19 1.49
C 3  7.77 12.50°20.49  1.56 1.95 2.38 1.89 2.59 447
C4 ~ 2.70 3.82 11.11 - 0.94 1.13 1.86 0.76 3.36 4.04
C 6 13218 10.07 18.75 1.97 1.78 2.30 . -1.17 2.98 1.84
C 7 14.53 16.67 28.47  2.05'2.i20 2.66 0.71 . 3.42 4.15
c 8 9.46 12.50 22.92  1.70 1195 2.48 1.17 3230 4.47
C9  13.18 18.75 28.82  1.97 2.30 2.67 1.84 2.85 4.74
c10 8.45 15.97 33.33  1.62 2.16 2.78 2.79 4.93 7.73
C11  16.55 31.94 48.26 .16 2.75 2.95 4.40 4.05 B8.67
c12 9.80 24.31 23.61 1,73 2.53 2.51 4.73 -0.19 "4.53
C13  29.05 48.26 41.32  2.64 2,95 2.91 4.85 -1.68 3.12
C14  28.72 49.65 51.39  2.63 2.95 2.95 5.29 0.42 5.73
C15  14.19 18.40 32.64  2.03 2.29 2.77 1.38 3.96 5.37
C16  23.99 43.40 41.67  2.49 2.93 2.91 5.06 -0.42 4.62
C17.  31.76 32.64 41.67 2.71 2.77 2.91 0.23 2.25 2.49
C18  23.99 46.18 44.79  2.49 2.94 2.94 5.76 -0.33 5.41
C19  28.38 46.53 55.56  2.62 2iS4 2.93 4.60 2.17 6.90
C20  24.32 45.49 46.53  2.50 2.94 2.94 5.49 0.25 5.75
c21 9.80 9.37 21.87  1.73 1.72 2.44 . -0.17 4.19 4.04
C22  31.42 44.79 63:89 2.70 2.94 2.84 3.35 4.68 €229
C23  24.66 16432 29.17  2.51 2.18 2.68 =2.51 3.72 1.23.
C24  U46.28 52.43 61.46  2.90 2.95 2.87 .49 2.19 32.72
C25 25.34 23.96 29.86 : 2.53 2.52 2.70 =-0.39 1.60 1.22
C26 42.91 48.26 56.6C 2.88 2.95 2.93 1.30 2.01:3.33
C27  27.36 45.14 80.90  2.60 2.S4 2.32 4.53 9.55 15.38
C28  29.39 43.40 75:69  2.65 2.93 2.53 3.55  8.35 12.63
C29  27.70 27.78 30.56 2.61 2.€4 2.72 0.02 0.73 0.76
C30  16.22 17.36 25.00  2.15 2.24 2.56 0.37 2.25 2.63
C31 16422 31.25 45.45  2.15 2.74 2.94 4.32 3.55 8.04
€32 49.66 59.03 55:90 2.91 2,90 2.93 2.28 -0.76 1.51
C34  61.15 78.47 75.69  2.84 2,43 2.53 4.64 -0.79 3.82
C35  22.64 30.90 47.92  2.44 2.73 2.95 2.26 U4.24 6.61
c36 5.07 7.64 18.06 1.28 1.57 2.27 1.27 3.78 4.99
€37  63.51 37.15 70.83  2.80 2.85 2.68 -6.59 8.60 1.89
C38  65.88 75.00 77.43  2.76 2.56 2.47  2.42 0.68 3.12
C41  56.42 62.50 70.83 2.89 2.86 2.68 1.50 2.13 2.66
C42  48.65 45.14 58.68  2.91 2.S4 2.91  -0.85 3.28 2.44

84.80 90.97

Ze 15




Table 4.20

Items Showing Discrepancies Between
Decisions Using the Rasch and Traditional Models
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— . —— —— . - — . ——— — ——— < — ——— . - —— —— ———

Decision : Decision
Iten Years ————=——————- ; Item Years —-—-———-—==-—---
Rasch Trad : Rasch . Trad

R 1 70-79 0 + c 1 70-79 0 +
R 1 €4-79 0 + - C 2 70-7S 0 +
R S5 64-79 0 + C 3 70-79 0 4
R 6 64-79 0 + Cc 4 70-79 0 +
R 7 70-79 0 + Cu 64-79 0 +
R 8 70-79 0 + C 6 70-79 0 +
R10 70-79 0 - + c13 70-79 - 0
R11 . 64-70 0 + c17 70-79 0 +
R18 64-70 0 + Cc17 €4-79 0 +
R20 64-70 0 + c19 70-79 0 +
R28 64-79 - 0 C30 70-79 0 +
R36 - 64-79 0 + C30 64-79 0 +
K37 64-79 - 0 s

R38 64-79 0 +

R4O 64-79 0 - +

Table 4,21

_Content Area Decisions Using the Rasch and Traditional Mcdels

- —— - = —— ————— - —. o P o  — —— . -~ - — - ——— —— . — —— - - —

1964-1870 ,?970-1979‘ 1964-1579

Content : —————ms ————————————
" Stand Diff Dec Stand Diff Dec Stand Diff Dec
Area —— - - - -
Rasch Trad R T Rasch Trad R T BRasch Trad R T
1« _WNC 0.00 0.76 0 O 1.58 1.60 0 0 1.82 2.36 0 +
2. WNR 1,00 1,43 00 1.55 2.25 0 + 2461 . 3.71 + +
3. CFC 136 1.59 00 2$2ﬂ' 2.65 + + 3.75 4.27 + ¢
4. CFA 1.23 1.73 00  3.25 3.55 + + 4.36 5.28 + +
5. Dec 1.62 2.26. 0 + 0e73 1.09 0 0 2,40 3.33 + +
6. Mon 0.67 0.88 0 0 1}29 1.81 0 0 1.93 2.67 0 +
7. Pct 2.47 2.484 + + 1;71 .98 0 0 4,19 4,49 + +
8. Alg ~ -2.14 -1.86 =~ 0 385 4.11 + + 1«77 2.27 0 +
9. Geo 1. 32 1.36 0 0 0.43 1,02 00 1e82 2433 0 +
10. Mea 256 2.43 + + + + 8.29 8.9C + +

6-10

6.03
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CHAPTER V

-DISCUSSION AND CONCLUSIONS

There 'are numeroﬁs contentious issues in the
neasurement of change. The specific problem to which this
study was directed was the? prqblem of scale. Because the
Rasch model purports to yield ﬁeasﬁres of item difficulty and
person ability omn a common equal interval scale; this model
was selected .as the basis:'f%r Athe study. . Once itenm
difficulties were establisﬁ?d using Rasch procedures,
traditional statistical procedﬁres utilizing standardized
difference scofes were used to éssess change. A large part of
the discuésion’in this chaptef‘céﬁtresldn how change decisions
differ depending omn whether the item difficulties used are
those generated in the Rasch model, or traditional p-values. .

| The other major section. of this chapter focusses on
the changing ‘achievement pattefﬁs in British Coclumlkia as
determined by the.Rasch.analysié;l:Some'consideration is given
to the problemjof sampling. variations for the three test
administrationé., The question of how .declining performance on
specific topics wmight be viewed by the educaticnal ccmmunity
is partially resolved by referenqe to a previous study of

achievement in British Cclumbia. .
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Comparison of the Rasch and Traditicral Models

On the basis of the Fasch analysis, 29 cf 79 itens
had changed in absolute difficultj from 1964 tc 1970. In the.
preliminary traditional reanalysis in the initial phase of the
study, 28 of the same 79 itens Verg.judged tc have changed in
difficulty over the same tinme épaﬁ,v The only item on which
decisions differed was Itenm fﬁjsz easier in 1970 using the
Rasch item difficulties, no chaﬁée‘using tﬁe %-difficulties,
This prompted the guestion of Héw.decisions might differ, in
general, depending on which quei q§s used,

In the preliminary traditional reanalysis, the
entire sample of 300 subjects yaé been used for each of 1964
and 1970. . In'order to make thé_;e§ults comparable with those
oktained using the Rasch‘précédufe, thé %-difficulties wvere
recalculated after deleting the isgmé subjects as had been
deieted for the Rasch analysis.ﬂ'

In 27 out of 237 ccmparisons, discrepancies were
found to exist between the Raséh  $nd tréditional decisions,
including three on the 196&41970'compariscn. In 24 of these
cases, items were deemed to ha§é‘§hanged in difficulty using
the traditional model, whiie: ﬁo change .in difficulty was
indicated using the Rasch modél;“: Hence, the Rasch model
appeared to be more conservatiée.w

In attempting to deterﬁine the reascn for differing

interpretations, consideration wa% given to the mechanics for
i ’
i

deciding change--the standardized difference. The fcrmula for

determining absolute change in difficulty was:
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D=Ld(1) - a(2)' Y \[se(1)2 + se(2)2 L1
where d(2)* was the aéjusted difficulty on the second
administration. TFor the Rasch model to be more conser§ative,
two.things, or a combinatién Qf bofﬁ, pight have occurréd:

{1) the separation betwegn da (1) and d(2)' was
relatively less in the Rasch mpdel fhan in - the traditiomal, or
(2) the pooled standard éffoi was relatively greater in
the Rasch model ghan in the tr;difional.ﬁ
To determine the natﬁ;elof the relationship betwuween
traditional %-difficulties and BRasch item difficulties, the
éraph shown in Figure 5.1 was drawn.l The grath is a [fplect of
the unadjusted Rasch item difficuities against %-difficulties
for each of the three years., . inspéction of thé grarh showus
that, for each yéar, the éréﬁsfgrmation is very clcse to
linear for items within appro#imately the 20% to 80%
difficulty range.. Beyond tpgse.,limits t?e relationship is
curvilinear, with the ext&emé  Rasch scores beccning
increasingly 1larger relativegéid )fhé #~difficulty values.
Henée, in equation {19, if &(1i:had the larger absolute value
of the two difficu;ti values,-the.difference between d(1) and
d(2)"' in Rasch units iwill be .#elatively as great as, or
greater than, that in traditiénal units, This result alone.
should make the Rasch model ;_e_gg2 conservative than its
alternative. -

The second factor’ Aaffecting the standardized

difference is the standard error.i Suppose a comparison is

made of the difficulty of an item oan two administrations, and

an item moves toward the extremity of the curve on the second
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administration. As previocusly pointed «cut, this has thé
effect of increasing the. digfefence between the iten
difficulties as compared with 1the tra@itionél model. But
there is also the effect of the,inéreasing standard errer of
the estimates toward the extrémeg.ﬂ This will tend to reduce
the value of D in equation {ﬁg,d'The questicn them is: will
the increase in the standa%d:et;or be sufficiently large to
offset the increase in difficﬁifj Qélue? To help amswer this,
the graph in Figure 5.2 was c%hstructed._ The . gragph fportrays
the relationship between iégm difficulty and its standard
error on the data from the 1979 test administration.  From
Figure 5.1 it was noted ‘that the transformation frecm %-
difficulty to Rasch difficultf was; basically linear in the
interval from 20% to 80% diffiéulty," fcr the 1979 data that
translated into the interval froﬁ,—1.2 to 2.2 1logits. 6 For
that same interval the relatiénshié between Kasch difficulty
and standard error is curvilinéé;,'with increasess in standard
error accelerating as the item difficulties move outward from
the mean sample ability positidn._}This tends to decrease the
value ct D in equation [1], méking the Rasch test pmore
ccnservative in this central régidn.,

For the extreme regioﬁs it might ke expected that
the rapidly increasing_standard éfror more than offsets the
increased spread in item difficulty ﬁoted earlier, tkereby
maintaining the conservative nature of the model. Hcwever, a
mathematical deménstration is :equi;ed to‘résolve the issue,
and that has not been done in thi% étudy.~

Further consideration must be given to the standard
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error., As pcinted out in Chapter II, it is here that the

Rasch model differs from the classical model. The classical
standard error of estimate is .maximum fcr items cf 50%
difficulty, and decreases to~2et§ at either e#tremity.u The
Raséh‘fstandard error of iten calibfatiqn.is inimum for items
cent;éd at the mean ability level and increases toward the
extremities. ,

Figure 5+3 portrays 79 items frcm a hypothetical
test arranged in order from easiést ﬁo hardest. The upper

pcrtion of the figure shows. the confidence band cf + 2

standard errors about the %—difficulty values. In the lower
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portion of Figure 5.3, the. %-difficulty values have been
transformed into approximate Rasch.equivalents, assuming the
idealized curve fronm Figure 5.]&; The confidence Lkand cf + 2
standard errors is shown as bef&éé." The =scales have been
exaggerated to make the differing:effects clear. .

The effect of the’”differeht behaviours of the
standard errors is shown in Figure 5.4. A hypothetical case.
is given in the diagram in which it is assumed that the itenms
have not changed in relatiyé difficulty; they have all
increased in difficulty by fhe séme number of percentage
points, In the upper pecrticn éf.Figure 5.4, at time. A the
range in %-difficulty was 6 t§ 86 units with a mean of 46; on
time B, the range was 14 to 94 with a mean of 54. The <éashed
lines are the 1limits of thé. :egign‘whcse vertical Leight
equals two . standard errors of the difference of the
difficulties for amn iten, assﬁﬁing 'a sample size of 300. .
Because the standard error of éétimate for the difficglty' of
an item decreases tcward the4e#tremes, sc will the widthlof
the envelope in Figure 5.4 deqreaée quard the extremes. 1In
this example, the items having difficulties,near the mean will
not have changed in difficulty, wheréaé thcse on the extremes
will. The crossover points ate around the 47% and 57%
difficulty levels at time A. . |

The results ‘of tranSféfming the %-difficulties for
times A and B into Rasch difficulties are shown in the lower
part of Figure 5.4.. The sépafation between the curves is

about 0.32 logits..  The dashed 'lines again represent the

envelope for two standard errors of the difference cf the
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decisions on changing item difficulty. .
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difficulties. Again the item of mean difficulty 1lies within
the envelope, and the judgment of no change is made. In this
case, however, the standard .error of estimate of item
difficulty increases toward_thehextremes, producing the same
effect on the standard error .of the. difference of the
difficulties. As a result, the envelope opens out toward the
extremes.. Since the vertical diétagce between the curves is
ccnstant, no item is concluded to have changed in difficulty..
The net effect is to make the Rasch apprpaéh mecre ccnservative
than the traditional approach. .

If the arqument based oﬁ the behaviour of standard
€rrors shown in TFigure SQQV has merit, im this study
conflicting decisions should havé been concentrated on itenms
having difficulties near the extre?e ends of the distribution. .
Fu;thermore, since the items éereigenerally easy in all three
test administrations, with only ab6ut cne~-fifth of the 237
item difficulties exceeding SO%‘ difficulty, it would be
expected that the discrepancieé in:decisicn—making would occur
predominantly for items at the eésigr end cf the scale.  This
expectation was confirmed. ‘The mean %-difficulty on the 24
items. on which the Rasch mcdel was EOnservative was about 23%,
while the overall item_difficulty on the tests was about 28%.
Tﬁat is, the conflicting decisions‘were rade on items less
difficult than average. For thé tﬁ;ee. items .cn which the
Rasch was 1less conservative, the mean %-difficulty was about
47% It can only be conjectﬁred that discrepancies here
cccurred through a combinatidnio% standard error variations

and fluctuation in calikration exemplified in Figure 5.1.
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The relatively consérQative nature of the Rasch
mcdel in making change decisions at the item level was carried
on into the decisions concezning éhange in topic difficulty;,
The standardized differences of meap group difficulties are
almost invariably 1less in the Rasch app;oach than otherwise
(see Table UL,.21). This tendenéfbled.tq gonflicting decisions
cn twc topics in the 1964-19?0 éompariscn, cne toric in the
1970-1979 comparison, and four toéics in the 1964-1979
ccmparison. The difference is’ most dramatic in looking at
change from 1964 to 197S8. On tﬁé traditicral ccmparison one
would <conclude that decline.‘had oqcurred on all ten topics
whéreas the Rasch ccmpariscns ﬁépld yield more <ccnservative.
results.
it would appear that the decisicn as to which model
to use rests mainly on the user's Qieu of which nodel nmost
appropriately represents the ccnfidence interval for items at
the extremes of the difficulty range. . For difficult itenms,
the 1issue may be resclved in favgéerf the Rasch procedvure by
appealing to the argument that Qngértainty increases as . itenms
become more likely candidéfé% for guessing .cr random

i

resronses. For easy items, however, the situation is unclear. .
A

It has been suggested that pqrédom, or carelessness, may
intfoduce uncertainty intc tﬁe ‘results cn very easy items. .
This is certainly possible, buﬁ,the éuggesticn does not have
the same intuitive force aé‘that for guessing on difficult

items. The issue remains basically unresolved. .
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Change in Achievement in British Cclumbia

The present study was designed to explore the use of
the Rasch model to measure chénge,, Investigation has <chown
the Rasch model to be more conservatiye than the alternative
traditional approach, e€ach using fhe'test,item as the unit of
analysise. That is of theoretical interest.  The study was
also intended to investigate and %épgrt upcn real change which
had taken place in the mathematics achievement of Grade 7
students in British Columbia.:‘éfincipals and superintendents
were promised a summary of the fiﬁdings," That is of practical
interest. Which change is "real"--Rasch or traditional?

Since the letter requesting the ccoperation of
séhool principals had indicated that a different kind of
statistical model would be used to éarry.cut the analysis, ' it
was decided that a Dbasic commitment to the Rasch model had
been made, . Consequently( all furfher. discussion o¢f results
and trends are based on decisions reachéd using the Rasch

model.

Sampling and Motivation Considerations

In contrast to 1S€4 and 1970, +the data collection
for 4979 relied on the voluntary céoperation of personnel in
the field, Consequently, therg was éome.ccncern that,'withqut
the persuasive force of authority, séhool districts would be-
reluctant to cooperate in a study which might not reflect well
on the comparative achievement of students. These concerns

proved to be unfounded, as almost 90% of the superintendents
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agreed to allow the reseafcher to contact school princigals. .
There still remained the question_cf how well schocls would
ccoperate, but again the return rate of completed tests from
schools was very high, cver 395%. . As a result, completed test
papers were returned for 1277.studegts, approiimetely 86% of
the design sample of 1500, . | | |
The loss of fourteen échcclé from the sample was not
distributed equally across the six‘ geographic regioms.. The
greatest loss was frcm the Greatef Vancouver regicn, with 15

!

out of 24 schools cooperating. The secondbgreatest loss was
frcm the No:th_ region, with 550f 9 schools remaining in the
sample. Regions 3 and 4 lost omne school e;ch; there were no
lcsses from Regions 1 and 5,  Most of the schools lost were
located in larger schocl districgsv aﬁd sitvated imn urban
centres. While the loss of sﬁch schools may kias the samgle,
because of the wide varia#igicf ‘of schccls 'Qithin each

district, nc firm conclusion Jan be made in this regard.

A second factor wﬁgch‘ may have a bearing cn the
validity of the year-to—y‘ear‘.ii ccmpariscn is the changing
sampling procedure. 1In 1964: fhelsample was drawn frcm the
population stratified Ly performance on the entire Stanford
Achievement Battery.. In 1970; the selection was the same but
performaece was based on just tﬂe'two erithmetic tests.  In
1979, the criterion was petfo%mqnce ¢n the two arithmetic
tests, but the sample was constructed to reflect the
geographic diversity and vaciation‘ in school size in the

province. Although the samples for 1964 and 1970 prckably

fairly Arepresented the regions through the random selection
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process, there is no guarantee, with é sample size of 300,
that this was achieved. The same argument applies to school
size, Nevertheless, these potential samgle differences
appeared to be overwhelmed by the magnitude and consistency of
change over . the years in th;s study., In another situation
where evidence for éhange wés lgsé clear, the sampling
variations might have been conéidered a more important factor.

A third .complicatiﬁg faétor is thaf of student
motivation, , In 1964 and in 1§7Q, the +testing program was
province-wide. In 1964 the results for each individual and
each class were returned to fhe_feacher,” It is assumed that
the purils writing the tests weréfawafe tﬁat this would Le the
case.,, It 1is not known whet?ér4fesu1ts cf‘the"1970 testing
were forwarded to the classroom;teachey, but the tests were
administered under the authérit& of the Lepartment. In both
instances, students were underz;cme pressure to perform as
well as possible.  That condition did not hocld in 1979.

In 1979, the design'6£ £he'study did not require the
determinaticn of class average% or sumnmary statistics for
districts.. This, combined with'the prevailing view regarding
the need for confidentiality.cf test results, resulted in a
aecisicn not to return results to classroom teachers or
principals.  This may have Lfeducéd both the motivatioa of
students to succeed on the teét and that of teachers to ensure

proper test conditions.
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Change in Achievement by Content Area-

With sampling and motivation reservations in w®mind,
the results for each contentvarea.on each ccmparison may be
examined. . In the .discussion, oﬁé of the.topics, #10, Units of
Measure, will be dealt with cm iis,own at a later stage.. Only
the nine remaining topics are involved in each ccmparison to
fcllow. . -

| The comparison which prcmpted this study was that of
1S€4 to 1970. . The results of fﬁe.present study indicate that
the Director's concerns for deciinipg rerfcrmance had sone
fcundation. Standardized aiffe;ences of mean - topic
difficulties show a general trena 'sﬁpporting the Director's
ccnclusions. . However, just one tépic can be judged to have
increased sigmnificantly in difficulty. 6 On Tcpic #7, Percent,
three of seven items (C14, Ci?, 635) increased in absclute.
difficulty, with two of those thfee kC1u, C19) also increasing
in relative difficulty. Changes én the latter twc items were
quite large: on each item, in 1964 about one-guarter of the
examinees responded incorrectly; iﬁ 1970, that ¢rropcrtion
ircreased to one-half. The‘guegfiéns were straight-forward,
for example, C14: 30% of $40 = 2 . It dis difficult to
-understand how +these itenms wefé so much mcre difficult while
performance on word problems ;eéuiring the same computation
was not significantly reduced,j
| The sole topic whiéh prévailed against the general
declining trend was Elementar§ Aigebra, on which' perfcrmance
imgroved significantly frqm}1964 to 1970.  Five out of seven

items improved relatively (R38, RU4O, C23, C37, CU42) and three
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of these showed absolute improvement (E38, C23, C37). The
characteristic common to the five items showing relative
improvement was the. inclusion 6f a variable. The results
wculd seem to indicate a relativel& greaier emphasis within
the curriculum on algekraic usage, and a consequent
imprévement in student performénpe on this topic. J

From 1970 to 1975,.‘ th:ee. topics increased
significantly in difficulty,; 'Oncé again, the fact that all
numerical changes, significantlor not, were in the direction
of increasing difficulty indicateg an cverall trend. The
improvement in Elementary Algébra from 1964 to 1970 was lost
from 1970 to 1979.. AlthougLi fhe vtopic did not receive
relatively less emphasis, perfo#éénqe‘declined on six of the
'seven component items.

"Students! understaﬁding 'and ability tc manipulate
ccomon fractions decreased frdﬁ i970 to 1979. On Topic #3,
Common Fraction Concepts and 10pera§ions, 9 out of 12 items
were more difficult im 1979. . dn Ioéic #4, Arplications Using
Ccmmon Fractions, 7 out 'éfi 8 iteﬁs showed increasing
difficulty,

On the absolute compéfiéon from 1964 to 1979, (five
topics increased in diffichlfy., Iﬁ addition tc the three
tcpics previously discussed, the persistent trend of
increasing difficulty resultéd: in a significant decl ine in
performance on Topic #2, Applications of Whcle. Numbers,. and
Topic .#5' Decimals.. The proportion of items in e€ach group

which were more difficult in the latter year were as follows:

Applications of Whole ©Numbers, 4 of 8; Common Fraction
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Concepts and Operations, 9 c¢f 12; Aprplicaticns Using Ccmmon
Fractions, 8 of 8; Decimals, 6 of 11; Percent 6 of 7. The
decline in performance in Elementary Algebra from 1970 tc 1979
offset the improvement fron 196& to 1970, leaving a net effect

Yo
[

of no change. . ;

A discussion of change 'on Tcgic #10, Units of
Measure, has been postponed ‘untll now kecause it serves to
illustrate a fundamental problem with the test administration
in 1979.. In 1970, the Canadianﬁgovernmert announced plans to
convert from the imperial system'of‘wedghts and measures to
the metric system,  The changeover was to be completed by
1981. In September, 1973, adl guﬁdts at the primary level
were to begin using the metric Asystem, The Council of
Ministers of Education, Canada;s agreed that instruction 1in
Canadian public schecls should be predcmlnantly metric by
1578. The Metric Commission of Canada recommended that the
changeover to the @metric sYstem be dcpne with a mianimum of
ccnversion from imperial to metric nndts__ This policy was to
be followed in the schoois where students were. tc be
encouraged to "think metric"'throqgh immersion in the nmetric
system.

O0f eight wunsolicited 1letters from teachers and
principals who administered the tests in 1579, =seven pcinted
out the difficulty of using an oid test to assess students who
were used to metric measures. Tne obvicus problem lies with
the units themselves, but one. correspondent also. suggested

that the use of commas instead of spaces in larger numbers was

a source of confusion on three' items. .
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The metric probleﬁ had been 1reccgnized prior-to
sending out the 1979 tests..  However, regardless of tbhe
directives of the Ministry of Education on metricaticn, it was
unclear what was actually being done in the schceels. . For
example, in the provincial mathéﬁétics assessment of 1877,
Rcobitaille and Sher;ill suggested that the majority of
elementary teachers in the province were still wusing both
metric and imperial units éf’meésurg in their teaching. It
was also conjectured by the reseércher that the emphasis on a
nev measurement system might haQe resuited in teachers lcoking
at the inadequacies of the %old‘system, thereby evokirg an
awareness of imperial units, . Thé';esqlts frcm the 1979 tests
arrear to support the concerns raised by the teachers..
Fifteen items out of‘89 6n_the tests involved the

use of dimperial  units. Eleven of these increased in

difficulty from 1970 to 1979. , Hoﬁever, seven had increased in
difficulty frcm 1964 to 1970,:.éuggesting that mcre than a
problem of units was involved. . The_ final comparison shows
that 14 had become more diffiéuitéfrom 1964 to 1979, alttough,
oddly enough, the itemn quuirigthhe reading of a gas meter in
cubic fget had become easier. . |

0f the fifteen.itemé,.oﬁly two required a knowledge
of a base otyer than ten. . Theée wére.items involvingAaddition
and subtraction of two ¢r more quantities in units cf founds
and ounces, These two iteﬁs hqd;beeg placed under Topic #10
along with Item R24, requiriﬁg léubfracticn of hours and
minutes, and Item C33, requi££n§ tﬁe addition of ﬁetres and

centimetres. The latter was the only metric item on the two
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tests, and it was eliminated .in the calibraticn prcéess,
leaving just three items in the: topic,, Although the topic
shovwed relative and absolute increaée in difficulty in all but
one comparison, it was consi@efgd ‘tc be tco restricted in
content to permit further generaliiation,_

On thirteen of +the fifteen items wusing dimrerial
measure, the unit was incidéntél to the computatién prccéss.,
For example, Item R16: "At 8 ﬁi;es aﬁ hour, hcw many miles can

P
a skater go in 4 1/2 hours?" While it is nct obvious that

the use of unfamiliar unitérlip;alidates the questior, the
effect may be to detract from thé:stgdents' ferf ormance. This
was a factor which particularly affected conclusions reached
regarding Topic #4, Applicatibné Using Common Fractions, for
which all but one of its 8 itéﬁé madg use ¢f imperial  units..
The problem also occurs, td a lesser extent, on Topic #2,

Applications Using Whcle Numbers, where 4 cf 8 items invclved

imperial measure. The problem does not arise on any cther

'
. i

topic. .

Before outlining possible reasons for changing
performance, several aspects of {be éests énd‘topics shotld be
reviewed and clarified.. In £hé;first place, both the rumber
and nature of the topics into théh the . iiems were grcuped
were arbitrarily determined. . fhe initial classificaticn of
‘the items was that which seemed ~most npatural to the
researcher, Another investigator may well have redu;ed the
number of topics or reassignethhe items.  Secondly, there was
no choice in the scope and depfh of the items assigned tc each

category. The content of each category was determined =sclely
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by the items available fronm the tést.” There is no assurance
that each topic 1is adequately rep;esented by the items
subsumed by 1it. Thérefore, when performance on a topic is
teferred to, it must be thought gf §chievement on this topic
as defined by these items from this test. The temptatiqn to
generalize beyond the data hus# Eé resisted. .

It was not the intenf?of the study to attempt +to
identify, in any systematic (;gy, cérrelates of change.  No
demographic data such as age, sex, socié—eéondmic status, or
language <spoken at home, were gathered. The nature of
changing population characteristicsjand their relaticnship to
performance in-school is comﬁ;erﬁ.No doubt, societal factors
such as increasing urbaniiation, television,. increased
permissiveness, drug usage;:‘ and marital breakdéun all
contribute to change in achievéﬁéﬁt in school, but no éttempt
has been made here to assess théi%Ainfluence.

When the factors uhich pos;ibly influence. chance are
narrowed down to the schoql¥ and the subject within the
curriculum, hypotheses can be forﬁed with somewhat greater
qonfidence. The first factofywhich may help to explain the
ccnsistent decline in perform&nceidn the tesf as a whole from
1964 to 1979 1is the chapginé curriculum. = As pointed out
previously, the tests were baséqbﬁn the American curriculum of
the late 1940's, and there is a high prcbability +that the
tests were also appropriaté'.fof the curriculum of British
Columkia elementary schecls iniigﬁé. Canadian and American
mathematics curricula bhave génefally been cqmparable at any

given time.. In British Columbia, a series of textkooks



159

entitled Study Arithmetics had been used as supplementary

texts for Grades 3 to 6 in the:early 1940's. . It was adopted
as the authorized textbook series, and hence course of study,

in 1947, 1t cqntinued as the scle authorized thtbook series

until the Seeing Through Arithmetic series was phased. in

between 1962 and 1966. At the Grade 7 level, Mathematics f£for

, o
Canadians, 7 was used from the mid-1950's tc the mid-1%€0's.

It replaced Junior Mathematics, Eddk-1, which had been used

since the early 1940's. . Thérefore, in gemneral, there uas a
stability of curriculum lasting over twenty years on which
teachers could base their teaéhiﬁg aﬁd testing., The Stanford
Aéhievement Tests likely-were brcadly representative of that
curriculum. | B
_ A revised elementary‘mathématics program was phased'
in dufing the years frcm 1962 to 1967. . By 1970, all Grade 7
students had had seven years ofvthe new program. . That prcgran
expanded the -elementary matﬁeﬁatics curriculum to include
"modern" topics such as the te:minclogy of sets, the number
line, the properties of number systems, - and numération
systems with bases other than ‘teﬁia As‘ well, the progran
included informal geometry as a fﬁndamental component for each
grade. . | |
The 1large scale curriculum develcpment projects of
the 1950's and 1960's were :éplﬁcedb in the 1970'5 by an
emphasis on local curriculun i@ﬁ;dvement., This develorment,
toggther with a change in the p;oviﬁcial government, resulted

in the decentralizicmn of xthé.curriculum from 1973 to 1976. .

The Seeing Through Arithmetic- series was replaced Lty a
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multiple authorization of +three different series.  Teachers
were expected to follow the Department's curriculum guide and
to use the best parts of each series tb_provide the optimun
program for their students. The vteaching .cf metric units
became a priority at all 1eyelé,. At the Grade 7 level.the
qoncepts'of_functions and flow-éhariing were introduced. .

Thus, it can be seen that in 1964 the tests used in
this study 1likely sampled tgé 'fofality of the students!
mathematical knowledge, whereéslgj 1979 the students had been
exrosed to a much broader curriéulum than that measured by the
tests.. Two pocints can be made. In the first place, the iest
resuits do not reflect the child's body of mathematical
knowledge in 1979. Performahcefdﬁ topics ccmmcn to previous
years may be poorer, but the childfé knowledge is likely to be
broader. .
| Secqndly, because of an expanded curriculum, one
might expect performance c¢n .a portion ¢f the curriculum to
decline if the overall time devoféd to learning mathematics. in
the elementary schocl remained the same. That is, if the time
on a specific task decreased, lower performénce might be
expected.,, Takle 5.1 shows héw thg time.allctted to the study
of arithmetic changed'from 1958;(British Columbia Departmeﬁt
of Education, 1957)  to 1972'(Efitish Cclumbia Department of
Education, 1972). . -

It can be seen that; féf theAlast four years of the
€lementary prcgram, on which ithe bulk cf the test items in
this study were based, there has been‘_little change in the

time allotment. Ccnseguently, if +time on task is a
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Table S.1.
Time Allotted tc the Stqdy of Arithmetic*

N —— - — —— — e ——— T — . W ——— > . W . T - -

 Grade
Year 1 2 3 o4 5 6 7
1¢58 100 100 150 200 200 200 240

1972 150-160 150-200 200-210°200-220 200-220 200-220 200-240

* in minutes per week :

significant factor, the observed decline in achievement should
not be unexpected. o
Another factor which might be expected to influence
achievement 1is teaching method. If the prcpcments of such
innovations as open area schools, discovery learning, and team
teaching are correct, improvement in achievement should result
frcm the adoption of any or allqu the above. . It appears that
this question must remain unfesdived for, in srite of the
rhetoric of reformers and the ekhortaticns cf curriculum guide
writers, instructional practices seem to have remained largely
unchanged., . An extensive éufﬁey of British Columbia
mathematics teachers in 1977 (Rokitaille & sSherrill, 1977a)
concluded that:
the teacher of mathematics is highly traditional in
characters,...the most frequently used teaching
techniques are +total class.instruction and teacher
explanation. . Among the mcst commonly vused student
activities are individual work and textbook
exercises,...these results - indicate that few

organizational innovations are being used in the
mathematics classes of the .province. (r. 44)

Turning to specific changes by topic, the

i
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improvement in Elementary Algebra frcm 1964 +to 1970 is
explainable by the adoption of the modern mathematics progranm
.in the mid 1960's. . That program élaced much emphasis cr the
sclution of open sentences. Thus performance became better
relative to other topics, apd Ithe.apsolute achievement of
students increased.

The increasing difficulty of questions .on Percent
from 1964 to 1970 might be attribute@, in part, to the changed
me thod .for solving such problenms. . Thg previous program had
placed reliance on rules, wheregs £hé new rrcgram tried to
aprly a single structure usinglrate péirs, proportions, and
the solution of equatioms., It isupossible that both teachers
and students found the new procedure more difficult.

Fron 1970 to  1979, tge igc:easing.difficulty with
respect to Operations on, anéi‘Applications of, Common
Fractions may be due to the iﬁt;édugtion of the metric systenm
in the mid 1970's. . This may have served tc remove scme.of -the
emphasis c¢n common fractions, siﬂce, with metric units, the
necessity for dealing with thirdé, twelfths, sixteenths, and
the like, is reduced.. o

There appears to be ﬁé identifiable feason for the
declining performance on Elemepfafy Algebra from 1970 to,1979,
and oh Applicatiocns of WholeLNumbe;s, and Decimals from 1564
tct1979. The latter is partic@ia:ly puzzling, as it might be
thought that the introduction éf éhe‘metric system would lead
to increased facility in the uée 6fldecimal f;aqtions_

A criticism that might be made'of a study of this

sort is that comparisomns with past years dc mnot help to assess
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performance relative to the:“expectations of ccntempcorary
society, That is, performance may haye declined over previous
years, but may still be acceptable in its own time, or the
opposite may hold. To gain some insight into how the 1979
performance might be viewed,: aﬁ 'aﬁalysis was made of a
previous study in British Coluﬁbia;v

| In the spring cf ?19f7, the 1Learning Assessnment
Branch of - the British Columbia Mipist;y of Education
administered provincially deveiobed mathematics tests to all
students in the province enrolléd in Grades 4, 8 and 12.  The
tests were constructed to mééé@ré minimum basic skills which
the student might be expected‘;oipossess at each grade level. .
For each grade, results on eacﬁlitem were juéged by'a fifteen-
member interpretation panel cénsisting cf seven mathematics
teachers at that grade level, tﬁq.supervisors‘Of instruction,
two teacher educators, two school trustees,‘apd two members of
the public &t large. . The panelvféted performance on each itenm
on a five point scale indicatiﬁg fheir sétisfaction with the
results, as follows: |
5 - strength
4 - very satisfactory
3 - satisfactory
2 - marginally satisfactory
1 - weakness
On the assumption that the interpretation of the
performance of Grade 8 studeﬁts in 1577 would not differ
substantially from that of Grade 7 students in 1979, this

researcher assigned 59 cut of the 60 items cn the Grade 8 test
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to the ten content categories .used in the present study..
Number 10, Units of Measure, became Units cf Metric Measure. .
The rating for each 3item, okttained frcm Robitaille and
Sherrill (1977b), ranged from 1.§§ 5, and the mean ratiﬁg for

the topic was calculated, with the results shcwn in Table 5.2..

T

Table.5.2

Mean Satisfaction Fatings of Content Areas
on the 1977 Grade 8 Assessment

- -

Content Area No of Itenms Mean
1. WNC 12 3.5
2o WNA 12 4.5
3. . CFC 10 2« 6
4. CFA 0 -=-
5« Dec 8 2«75
6. . Mon 2 3.0
7. Pct 3 2.0
8. . Alg 3 2433
9. . Geo 14 2«36

10. . Mea(metric) 5 3.6

Little reliance can be placed cn ratings cf ccntent
areas which contain few itemé,‘ For .inclusion in the
discussion, the number of iteﬁs required in a given ccntent
area was arbitrarily set at 5;¢‘As a gesult, five +topics may
be considered: WNC, CFC, Dec, Geb, and Mea(mefric). On three
of these five topics, performanéeéwés'jnged‘to be less than
satisfactory, that is, their meéﬁ éatisfaction rating was less
than 3.0.. One topic showing'weﬁkness waé Geometiy, but the
changing role of geometry f?; the curriculum since 1964

prevents any general conclusions tc be made. . On the. other two
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tocpics--Common Fractions Céncepts and Operations, and
Decimals--performance at the Grade 7 level had declinéd from
1964, | The combinaticn of the résults frcm the two studies
indicates the need for a serious reappraisal  of the

effectiveness of instruction on these two tcpics..

Limitations of the Study

The limitations of the study derive from three
sources: the model itself, the nature of the data, and the
purpose of the study. .

Rentz and Bashaw (1977) identify two differing
applications of the Rasch model: fést construction and test
analysis., In the former case the iest maker can use the . Rasch
model as a guide, with thevfréedou to select the best set of
items which fit the model. . In'%pé latter case the collection
of test items is virtually fixed; it becomes necessary to rely
on the robustness of the model.tu:éccummcdate less than ideal
items.  This studj falls into theyéécond cutego;y.,

In 1970 some teachers ruiseg objections that the
Stanford Achievement Tests ueie nof based on the British
Cclumbia modern mathematics ééurficuium (British Columkia
Department of Education, 1971). In fact, as has been noted,
the test was based on the Aamerican curriculum of the 1late
1S40's. Thus, the assessment of change was lkased upon those
elements of the curriculum cf the past fifteen years ccmmcn to
that of thirty years ago. . Hencg the study. is limited in the
scope of the curriculum with  which it deals. It does not

attempt to assess change in the overall mathematics program. .
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Finally, the primary purpose of the =study was to
document and measure change.. Although some suggestions are
made concerning the reasons for change it was not the intent
to unaertake an investigation Einto the correlation between
other factors and change in mathematical ferformance..  Any
identified changes, of courSe,iéannot be generalized beyond

the boundaries of the province of British Columbia.

Scme Concerns and Suggestions for Future Research

The most suitablg criterion to be used as a measure
of item fit in the Rasch modelgis still an open question. . The
.use of the fit mean square ﬁés recently keen criticized by
George (1979), who maintains thét»the, use of the statistic
dces not detect unacceptable Qariations in discrimination. 1In
a series of BICAL calibrations !on .items from an English
achievement test, Gecrge conciuded that dissimilarities in
item discrimination could producé discrepancies. in difficulty
estimates based on high and low ability gzcugs. While the
implications of George's 'étudy are most serious for
Applications 6f the Rasch modeiz such as test linking,‘ and
vertical equating, there isl also reascn for concern in
ccmparing the performance of fﬁb‘groﬁps of diffefing abilities
on the same test, as was the case,in‘the. Fresent studf. In
view of the controversy in the 1iteréture concerning the
problem of fit, this difficulty will‘likely remain for =some

time to cone. .
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A second matter which requires further investigation
is the nature of the mathematical relaticnship between iten
difficulty and standard error,, Hashway (1977) conjectured
that the standard error may‘be a ﬂyperbclic-tangent function
of the parameter. It has béeﬁ pbiﬁted‘ cut that the basic
element responsible for .the;sqme£iﬁes conflicting decisions
reached in the Rasch and traditional  mcdels was  the
differential  behaviour of tﬁe standard error. . The
:elationship neéds to be Elarifieé ‘in cxder +to permit a
thoréugh analysis of the différing results when the two
apfroaches are used. . -

Difficﬁlty with standard error goes beyond the
mathematical. . There is a furthér question of which model best
reflects the reality of testing,: An argument has been made
fcr preferring the Rasch model.fé: difficult items, but the
case at the other end of the diffié&lty scale is not clear.. A
well thought out rationale needs‘to:be developed in order to
decide which is preferatle overall. .

Finally, if the Rasch quel.is to be used for future
comparisons of performance, procedures basea upon the item as
the unit of analysis are reéqmmended over those using the
person. , In general, the standérd:error cf estimate of the
difficulty (ability) parameter ‘is inversely proportional to
the square root of the reciprocai qf the number o¢f persons
(items). Since the number Aof'examiqees is larger than the
number of items, estimates of item difficulties are more
precise than estimates of befsbn abilities. Furthermore,

because the number of examinees can be increased without
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limit, the distributicn c¢f the item difficulties is nearly
ccntinuous, while that of the abilities 1is discrete, Fkaving
the same mnumber of steps as possible raw scores.. Hence,
changes in item difficulties are more likely to be detected
than changes in abilities. . if Vthé test is divided into
content areas containing a few itehs‘in each, the distinction

becomes even more important.
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Report on the Testing of Arithmetic
Grade VII, March 1964 and May 1970

‘Stanford Arithmetic Test, Advanced, Form L

The Stanford Arithmetic test was administered as part of -a battery
to 29,204 B.C. Grade VII students out of 29,533 enrolled in March, 1964, It
consisted of 45 Reasoning and 44 Computation items. The sub-tests overlap to
a certain extent: almost all t'reasoning! items require some skill in computation
and many of the t!computation' items require a certain amount of problem-solving
ability. Both sub-tests consist chiefly of applications to every-day life: the
purchase of gasoline, renting a boat, reading a map, combining fractions,
finding percentages.,

The same test was reprinted and readministered in May, 1970, In the
meantime, Grade VII enrolment had increased to 40,252 of whom 38,377 or 95%
were tested. Of these, almost every pupil, including migrants from other
provinces, would have had at least 6 years of "modern maths',

The purpose of the second administration was to determine the
changes that had occurred in achievement in the ordinary arithmetic type of
item. There had been rumours that while.children were learning modern maths.
well in advance of their parents they were weak in the solution of the types
of mathematical problems that were occurring at home. The changes in a great
majority of the modern math items are, of course, impossible to determine
because there is no previous basis of comparison.

It should be mentioned that in almost all surveys conducted in B.C,
the average B.C. pupil has been away above the U.S. norm in Arithmetic
Reasoning and slightly above the U.S. norm in Arithmetic Computation. That
has not been surprising because B.C. also has been well above the U.S. nomm
in mental age, usually determined from verbal group tests which have a higher
correlation with reasoning than with computation items.

- That was true in 1964, 1In terms of the U.S. modal-age grade equivae
lents of that date, B.C. medians were 18 months or 1.8 school years ahead in
Reasoning and 1l months or 1.1 school years ahead in Computation. When the
same test was used in 1970, the B.€. students were found to have lost most of
their advantage in Reasoning and more than that in Computation, as follows:

“Excess over U.S. Modal- Median, May 1970
Age Grade Norms (Yrs. Mo.) in Terms of March, 1964 %iles
. 1964 1970 ' 1964 1970
Arithmetic - ,
Reasoning 1.8 .8 38.3 50
Computation . 1.1 -.1 25.4 50
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What is of even greater concern are the differences obtained when
individual schools are compared over the 6.2 year period. As an example we
may take a school in which the physical facilities have been greatly improved
with an open area and all kinds of modern equipment. As it has become an
experimental school, the pupil/staff ratio has decreased and particular
attention has been paid to "modern maths'' demonstrations. The school is in
an average area: Arithmetic stanines were 5.1 and 4.8 in 1964, and if any-
thing, the neighbourhood seems to have improved since that time. Meanwhile,
the Grade VII enrolment has increased from 47 to 73. Pupils are now on a
level and continuous progress, rather than a grade system, with those called
MGrade VII" being at the appropriate levels. There is no evidence of excessive
promotion by age in the age-grade relationships, with the enrolments in Grades
V and VI being 83 and 77 respectively. Here are the comparative results for

the school:

Iean
Pupils (1964) Equiv. Equiv., Gr. Eq. Years
" Writing Stanine L.G. ~Gr. Eq. 1970-1964

Arith. Reasoning

March, 1964 47 5.15 c’ 9.5 -1.4 -2

May, 1970 73 4.16 C- 8.1 = 1.6
Arith. Computation o

March, 1964 47 4.79 c - 9.1 -1.7 -.2

May, 1970 73 3.11 D 7.4 = -1.9

It must be pointed out that the grade-equivalent comparisons are in
terms of pre-1964 U.S. norms. We have no new data but there are rumours that
'if new U.S. norms were prepared in 1970, they too would be considerably lower.

We do have the B.C. norms in terms of letter grades and percentiles
for 1964, however, and a comparison of the percentiles for the two adminis-
trations produces the results given on page 1. The detail given on the norm
sheet shows that in Reasoning the 99th percentile is exactly the same, but that
the difference increases for average and wecaker students, The latter is more
pronounced in Computation, i.e. the weaker students are being left farther
behind in comparison with 1964. This is a matter of considerable concern,
because although results in Grades XI and XII show that we are doing a good job
of producing a selected group of mathematicians, we still have to deal with
members of a much larger group who will have to buy groceries, read a map scale,
make time payments and pay taxes« o, :

"It is in the applied-mathematics type of item that the greatest
increase in difficulty, i.e. in number of errors, is found. But first, was

the test valid?
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Validity

The validity of a test may be considered from several angles:

(a) Text-book validity - does the test measure what has been taught? This
criterion is important in classroom tests. :

(b) Curricular validity - does the test measure what a group of knowledgeable
persons, or teachers in gencral have decided are reasonable outcomes in a
particular field (say, Arithmetic) at a particular level (say, Grade VII)?

(c) Statistical validity - This is determined for the individual items and
involves the assumption that the pupils who get the most correct answers are,
in general, the best in Arithmetic, and those who obtain the lowest scores are
the worst., If we compare success in individual items of the upper and lower
thirds of the students, the most valid items are those where the differences
are greatest, i.e. the items that do the best job of distinguishing the best
pupils from the weakest ones.

Subjectively, the text-book validity of the Stanford test is much
lower in 1970 than it was in 1964. It is still relatively high in (b) howewver
when we consider the application of modern mathematics to everyday computations
and problems as they are met. Mileages, interest and taxation have unfortuna-
tely not been abolished. 4And statistically, almost all of the items are more
valid in 1970 than they were in 1964 (see the Table). That is largely due to
the fact that the average difficulty of the items increased in relation to the
average ability of the students. As the difficulty of an item approaches 50%
the possible maximum validity rises and most of the items previously had )
difficulties of less than 50%. It should be noticed that while difficulty and
validity are related they are not the same. A test may be invalid because it
is entirely too difficult for the pupils, but it is not valid merely because
it is easy. Statistically the Stanford items proved to have excellent
validity in both the 1964 and the 1970 administrations.

The item-difficulties and item-validities for the two years are given
in the Table on page'ﬁér It will be noticed that there is a general increase
in the number of errors with the exception of a few items. One of these:
If 2m + 10 = 28, m = , 1s definitely of a '"new maths'" emphasis. 4nother
involved the setting up of an equation. Most of the remainder involve the
. meaning of mathematical terminology.

b ,
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_ It is in the application of the terminology and in straight everyday
computation that most of the old errors remain and, in fact, have increased.
In at least seven of the 44 Computation items and one of the Reasoning items
a "zero difficulty" is apparent, e.g. 400 X 201 or 3520 + 5. 1In 1964, 13%:
and 23% of the pupils marked the respective wrong answers, in 1970 these
became 17% and 45%. Operations involving fractions, decimals and percents
also have become more difficult. 'Pupils have always found the following
progressively harder:

X + 4

o

o
&l
sl
e
ol

Bl

The latter can be stated as, "How many quarters
arec there in one-quarter?” from which the

Then they encounter: -

o e
-

step can be made to: YHow many halves are there in one quarter?" (% + 1)
' 2

and instead of the obvious answer, 'None'' they can be shown that there is
1 1 1

= of = inem.

2 2 4

In the past, thousands of mediocre children learned by rote the
"invert and multiply'" method of dividing by fractions. Many of them never
understood what they really were doing, but most of them got the correct
answer. If we are now going to emphasize understanding we must sec that it

is complete, e.g. that % %.T% is really, "How many sixteenths are there in

one quarter?" and a diagram shows that the answer can quite logically be
larger than either of the original fractions.

Another obvious conclusion that one reaches when studying the items
is that many pupils do not reason by analogy. For example, compare the diffi-
culties of the following items in the Computation sub-test:

1964 1970
' % = é D = 5% D = 8% (The answer 10 was given.)
T% +-T% = ? D = 20% D = 347 (The aﬁswer % was given but pupils

L , chose '"mot given" or "2'.)

Teachers may draw additional conclusions from the listings of the
"more difficult” and "less difficult" items on pages 7 and 8. 4 brief
indication of the process involved has been given for each one that is listed.
The remainder are omitted, not because they are easy or hard, but because no
significant change in difficulty has occurred since 1964,
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Stanford Arithmetic Tests, Advanced, Form L - Grade VII

Difficulty and Validity of Items - March 1964 vs. May 1970

RELSONING
% Difficulty Validity % Difficulty validity
(U-1%) (0-L%)
Item Mar, May Mar. May Item Mar. May Mar. May
No. 1964 1970 1964 1970 No. 1964 1970 1964 1970
1 7 5 9 7 24 58 58 34 43
2 3 6 4 9 25 50 54 48 57
3 4 5 5 9 26 39 44 36 47
4 15 13 12 15 27 43 50 4 11
5 12 717 6 28 64 61 14 25
6 10 7 17 14 29 73 79 g 10
7 20 20 19 23 30 64 71 27 39
8 11 17 14 16 31 14 10 17 19
9 17 - 22 20 29 32 36 . 36 36 54
10 18 14 23 27 33 20 11 25 12
11 12 14 12 25 3% 57 52 - 30 40
12 18 17 26 22 35 17 38 25 57
13 18 17 28 35 36 34 36 25 40
14 39 38 42 55 37 35 43 35 47
15 22 25 26 26 38 20 16 26 . 25
16 25 30 - 33 51 ' 39 28 37 31 57
17 20 21 30 22 40 46 45 31 45
18 23 26 32 24 41 58 51 47 55
19 35 34 50 48 k2 30 34 16 . 31
20 3 36 31 48 © 43 70 64 19 18
21 27 . 25 36 49 / 44 59 55 41 44
22 20 37 15 59 45 63 72 13 8

21 24 28 47

N
w
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Stanford Arithmetic Tests, Advanced, Form L - Grade VII

Difficulty and Validity of Items - March 1964 vs. May 1970

COMPUTAT ION
% Difficulty Validity o % Difficulty Validity
(U-1%) . (U-L%)
Item Mar. May Mar, May . Item Mar. - May Mar, May
No. 1964 . 1970 1964 1970 No. 1964 1970 1964 1970
1 3 9 3 12 23 - 21 18 24 32,
2 12 7 3 8 : 24 45 53 31 46
37 12 9 16 25 25. 22 23 26
4 2 2 3 3 26 42 48 53 56
5 10 13 4 7 27 33 46 39 68
6 14 911 10 . 268 31 44 37 52
7 17 16 9 15 29 32 . 28 31 50
8 12 11 16 19 30 17 17 24 30
9 13 17 15 22 ‘ 31 17 31 26 - 46
10 11 15 16 27 32 54 59 28 46
11 20 34 25 37 | 33 28 42 5 9
12 10 23 13 36 - 34 60 79 - 47 27
13 32 47 18 27 35 23 31 21 40
14 32 50 34 46 36 5 8 6 18
15 16 19 25 30 37 52 39 50 64
16 26 45 35 59 | 38 66 76 41 36
17 30 31 33 35 39 7172 22 22
18 23 45 22 43 , 40 - 88 88 7 7
19 32 47 38 s1 4l 54 . 63 3% 46
20 28 46 28 i 42 47 46 50 70
21 11 9 12 19 . 43 76 75 18 20

22. 38 45 43 70 44 80 91 28 14



Content of Items Changing in Difficulty from 1964 to 1970

Reasoning

Less Difficult in 1970

Item

o Lo

10.

28,

31.
33.

34.
38.

41.

43,
44,

14 X 18
subtract $ and ¢
(75¢/25¢ = 3) X 3

time at 40¢ per hour

reading gas meter (still very difficult)

identification of thousands position
lowest common denominator
(cf. application in Computation items 10, 11)
smallest fraction in group of 4
setting up equation

42 (cf., Computation item 44)

meaning of "dividends"
meaning of "quotient!

More Difficult in 1970

8.
9

15.

16.

18.
22.
23.
25.
26.
27.
29.
30.

35.

37,
39.
42,

45,

conversion of map scale

distracting data. Addition of mixed numbers with price

immaterial.
60¢ at 2 for 15¢

1
4= X 8
5 X

(2 X 34¢) + (4 X 21¢)-

average height (n.b. Computation 31)
conversion of map scale

°/° .

+ for speed and - for wind
radius, diameter, circumference

‘zero difficulty? $400/10,000 miles

instalment % (zero difficulty?)

deéimal fraction = to % (much more difficult)

rounding decimal to whéle number

estimation of largest product: 888 X 101 Vs, 888 X 90,9

105%
areas

183



184 -

Content of Items Changlng in Difficulty from 1964 to 1970

ComEutatlo
Less Difficult in 1970

Item

29.

37.

addition of $§ and ¢

37 X 16

reading temperature graph

solution of equation

(D 1970/164
vV 1970/164

39/62
64/50)

More Difficult in 1970

°

—
S O U Wwe=
°

11.
12.
13.
14,

16,
18,
19.
20,
22.
24,

26,

27,
28,
31,
32,

3
34, .

35,
38.
41,
44,

208 X'7

$5.03 -~ 4,55

sum of 4 numbers
400 X 201
11/12 - 2/3

1/10 + 1/10

3/5 X 7/10

1/4 + 1/2

30% of §10

200 X 2.5
3520/5

20% of $500
.081/9

16 3/4 X 8
/6 + 4
(100%) - 61%

addition and subtraction
of 1b. and oz.

average of 3 numbers

6.71/2.2

metres and centimetres

1/2 X 15 X 18

1f 25% = x, 1007 =

interest & taxation
(really problems)

substitution in equation

(but cf.

subtraction in Computation 3)

zero difficulty
" 1

common denominator
reduction of fraction

tricky: + vs. lof!
decimal fraction in %!s,
estimation of correct answer?

estimation of correct answer or zero

zero difficulty

zero difficuley

zero difficulty

128 + 24/4 8 (a+tb)

see # 13

(*mot given" in pie dlagram
but valid)

reduction to lowest terms

estimation of answer
decimal fraction

see 27 and 28

(very difficult - new math7)
%'s :

YAR

meaning of r2

N
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B.C. Norms for STANFORD ARITHMETIC TEST, ADVANCED PARTI4LL, FORM L

R/W SCORES, Grade VII, May 1970 vs. March 1964

Lrithmetic

Letter Num. Per- Reasoning Computation
Grade Equiv. centile 1964 1970 1964 1670
4 9 99 43 43 42 41
------------------- 95 wmmemmm 4] =e-= &40 ------ 40 -o-- 38 ---
40 . 39 .
8 90 39 36
7 39 38
B 85 37 35
33 37
80 36
o ' 37 L 36 33
------------------- 75 ccacecccacmcccn 35 ceccmmmene e e m e
4 36 32
70 : 35
c+ 6 34 )
65 35 34
30
vegreomreranees—mcw-~ 60 ————————— —r— -3.§ &—---———--—-—-——-—-—---’—-
34 33 29
55 32 ’
: = .28
C 5 50 mceme-- 33 @w== 31 -=---- 32 memmee -
‘ 27
45 32 30 31
L 26
e L L DL B R R 40 wommee- 31 === 29 mecemmccmccrneme e
: 30 25
35 30 28
C- 4 29 24
30 29 27 23
S —— L R— prI Cp— 37 ween 33 e
20 27 24 26 21
D 15 26 22 .25 20
3 - ' g - -
2 10 b" 24 20 23 18
S S— LR P | 21 —men 15 oo
E 1 1 15 11 16 11
Means: 32.0 . 30.0 31.2 27.2

1f class medians are used, they should be compared with the 50th percentile
in the appropriate Table. v ‘ '

‘ ' N (1964) 29,204/29,533

N (1970) 38,377/40,252
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B.C, Norms for STANFORD ARITHMETIC TEST, ADVANCED PARTIAL, FORM L

Modal-ige Grade Equivalents
at the Grade VII-6 Level, March 1964, and VII-9 Level, May 1970

Arithmetic

Letter Num., Per~ ' Reasoning Computation
Grade Equiv. centile 1964 1970 1964 1970
A 9 99 12.3 12.3 12.1 11.8
. o - 11.4 I
crmmmnn= cmmvenmvesens 95 wcmcaa 11.3 == 11.5 coone-—cvcuax 10,7 =ea
: . 11.5 Tt 11.1 ;___
8 90 -———— 11.2 -———— 10,1
. 7 - 11.2 -eeT 10.7
B 85 10.7 9.7
o 11,0 10.4 9.3
80" : 10.4
10.7 I 10.1 9.0
erergpeegyv-mvernvonwy 75 wregevrrosvave |(),] owrrpecmvorserrroncea
10.4 . ' 3.7
70 9.7
c+ 6 9.7 5 - 8.5
65 10,1 - 9.3
3.2
sagev-vvgpsegregesr 00 vegrer~~vor—vegn ?:f.* PN S,
9.7 9.0 8.0
55 - 9.1
‘ ' 7.9
C wovvese .5 cvoe-, 50 Teewvews 9.4 - 8.7 S ww- 8.7 .- omcw
' . 7.7
45 » 9.1 8.5 . 8.5
Lo d o0 a0 4 2 0 o d 2 o4 Sadegdaded 40 ------- 5?7 ;-‘o §;l_ et ded 4 Lated Tl A A L2 XX X2 44
: 8.2 7.3
35 8.5 7.9
Ce 4 : 8,0 7.1
30 8.1 7.6 _ 7.0
" @qeeemmeeme- cememnce 25 mmmma ae 709 mee T2 —meen 7.7 2=~ 6.9 wee
20 7.6 7.0 7.5 - 6.7
D 15 7.4 6.6 7.3 6.6
3 - —— _———
2 10 " 7.0 6.3 7.0 6.4
.'_.‘-".vv-v ---------- 5 cmemaae 9:3 - 3:5 ----- -6.;2 --- 3:7 ow-
E 1 1 5.5 4.8 5.9 4.9
Equiv. of

Mean Scores: 9.1 8.5 8.5 . 7.7
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APPENDIX B

STANFORD ACHIEVEMENT TESTS:

ARITHMETIC REASCNING AND ARITHMETIC COMPUTATION
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Advanced Battery

FORM

ST AN FORD ARITHMETIC TESTS
ACHIEVEMENT TEST

" TRUMAN L. KELLEY ¢ RICHARD MADDEN ¢ ERIC F. GARDNER ¢ LEWIS M. TERMAN o GILES M. RUCH

BRITISH COLUMBIA EDITION

Name
Surname Given Name
School
District School
Number Name
Date of Test
Day Month - Year

Reasoning

’

PLINTED IN U.S.A

This test is copyrighted. The reproduction of any
way,

Copyright 1954 by Harcourt, Brace & World, Inc., New York
Copyright in Great Briwain. Al rights reserved.

part of it by mimeograph, hectograph, or in any other
Rether the reproducti are sold or are furnished free for use, is a violation of the copyright law.
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Btanford Adivanced Paruai: L

TEST 5 Arithmetic Reasoning  Part 1 , 11

DIRECTIONS: Work an example, and then compare your answer with the answers which
follow it. If your answer is one of those given, mark the answer space that has the
same letter as vour answer. Sometimes the correct answer is not given. If you do
not find the correct answer, mark the space under the letter for not given.

saMPLES: 5 How many balls are 3 balls and 4 balls? a b
a3 b4 ¢T d1i12 emnotgiven..... e sit ]

52 How many books are 3 books and 2 Books? ; Yoy
f2 g3 h 4 16 jnotgiven. . .............. v

o
RPN
o~

1 Alice has done 14 problems and Ruth has done 8. How many more problems must Ruth ¢ v ¢ ¢ -«
do to equal Alice? a6 b8 c14 d22 enotgiven. .. ... g o Lo

2 The tea4cher has 27 sheets of paper. How many children will gef paper if she gives ;’
each child 3 sheets? 3 89  h24 i 30 J not given 2

3 Mother bought groceries for $1.19. She gave the clerk two half dollars and a qubarter.
How much change should she receive? c b e d

a 16¢ b 19c¢ ¢ 25¢ d $1.26 e notgiven . .
4 Dot’s mother is going to buy tomato plants to set out. There are to be 14 rows with
18 plants in each row. How many plants will be needed? ioe A i
f 252 g 262 h 352 i 362 jmootgiven . ... L
b Father spent $37.25 last month for gasoline and oil. The gasoline alone cost him
$34.67. What did he spend for oil? ¢ b ¢ d ¢
a $2.58 b $2.62 ¢ $3.52 d $3.62 e not given s

6 Onions cost 25¢ for 3 bunches. How many bunches can be bought for 75¢? £ ko
9 g 10 h 12 i 25 j not given. ... .. ... .. o i

7 On an average day, Jane’s hens lay a dozen eggs, which will sell for 80¢. How much
would that amount to in 7 days? . e b e d ¢
: a b6¢ b 80¢ - ¢ 8T¢ d $5.60 e not given ...... : O

8 The scale of a map reads that 1 inch = 80 miles. How many inches long must a line

on the map be to show a distance of 60 miles? foe b d
-f‘:—’ gl% h9 148 jnotgivem... .. ... ..-
8 Thelma wants to buy 1} yards of ribbon at 12¢ per yard, and 2} yards at 30¢ per vard.
How many yards of ribbon does she want to buy? e b ¢ 4 o«

a3} 53} 16 d110 enmotgiven .. .. ... ;
10 Dick and his father are going to rent a boat for fishing. If they leave at 10 A.M. and - ‘
return at 2 P.M., how much must they pay for renting the boat at 40¢ an hour? g b i G
f 40¢ g 80¢ h $1.60 1 $2.00 j notgiven. .. .. i i L
11 [¢ is 90 miles to Cloverdale. The scheduled time for the mail train is 3} hours and
that for the streamliner is 2 hours. How many more hours does the mail train take? ., 5 ¢ 4
al b2 c3% d5§ e not given. .. ... ... [P TR
12 You know how much money you had at the start and at the finish of an automobile
trip. To find out how much money you spent on the trip, you would — S og hocij
o fadd g multiply & subtract i divide ; not given: : -
13 On three days, it rained § inch, 4 inch, pnd § inch. How much did it rainduringallof o » ¢ 2 ¢
these days? a1l b2” c2§ d3 emotgiven. .. . i P
14 On May 1, $640 was deposited in a checking account. Since then there has been a
deposit of $360, a withdrawal of $70, and another withdrawal of $110. How much is I
the balance now? f$100- g $720 h $820 i $1180 j motgiven .. ..

1y Gon on tn the next page.
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16 When ice-cream bars are 2 for 15¢, how many can be bought for 60¢? a b
a4 b8 «¢9 d 30 enotgiven. .............. TR
18 At 8 miles an hour, how many miles can a skater go in 4} hours? )
f 28 g 32 h 34 i 36 j notgiven. ... ... ... 6

17 A car’s mileage read 4185.4 miles at the beginning of a trip. At the end it read 4211.6
miles. How long was the trip? a b

@ 26mi. b262mi. c27.2mi. d 73.8mi. e notgiveni

18 Frank wants 2 balls at 34¢ each and 4 toy cars at-21¢ each. How much will they cost ., _ »

all together? f55¢ g $L10 A $142 i $152  j notgiven.. .

19 Bill worked 21 hours. Fred worked 12 hours. Ned worked 5 hours. How many
hours longer did Ned work than Bill?

al b2} c2} d3]  enotgiven........ . ..

20 Father bought a radio. The price of the radio plus the carrying charge was $52.50.
He paid $20 in cash and agreed to pay the rest in 5 equal monthly payments. How

much will each monthly payment be? 7 g
f $4 g $6.50 h $10.50 | $14.50 j not given. o
21 How many miles can a man walk in an hour at the rate of ¢ mile in 15 minutes? s b
' a2 b2} ¢33} d4 emnotgiven ... .. ... ... noG

22 The heights of the 5 boys on a basketball team are: 64 inches, 60 inches, 65 inches,
57 inches, and 59 inches. What is the average height of the players in inches? ! g
f 59 g 60 h 61 i 64 j not given. ... ... .. PRI

23 How many miles apart are two towns that are 3} inches apart on the map, if the map
scale reads 1 inch = 20 miles?

a b
a3 b7 c23} dT0 emnotgiven.... .. .. ml

24 Ben slept from 9:20 p.M. until 6:35 the next morning. How many hours, to the near-
est quarter hour, did he sleep that night? I g
f88 g9l h9} i15] jomotgiven.. .. . . w.

36 Ruth budgets her yearly allowance this way: clothes, $80; lunches, $50; shows, $20;
carfare, $20; miscellaneous, $30. What per cent of her allowance does she spend for ,

clothes? a2 533} c40 d8 enmotgiven....... .. .»]
26 [f +9250 is the miles per hour which an airplane would travel if there were no wind,

and —40 represents the loss of speed in miles per hour, due to a cross wind of 60 miles
an hour, how many miles of forward progress does the plane make in an hour? i g

f150mi. g 190mi. A 210mi. i 270 mi. ; not given=
27 If the radius of a circle is doubled, the circumference will be increased how many o b

times? a2 53} c4 d6;  enotgiven.. ... ... .. .
\0000. \000 100y
<\ 3 28 What is the reading of the gas meter shown at
2y72 the left, in cubic feet?
3 f 762 g 25,700 h 75,200 e
& i 76,200 ; not given. ... e

CUBIC FEET

29 \r. Jores hought a car for $2000. At the end of the year he sold it for $1600. The
difference is called depreciation.  If he drove the car 10,000 miles, how much was the
cost per mile for depreciation? a b
' a 1.6¢ b Zc c 3.6¢ d 4¢ emnotgiven. .......»

30 Furniture which sells for £300 cash costs on an installment plan $90 down and 10 equal
payments of 245 each. By what per cent is the installment-purchase cost greater j g
than the cash price? f5¢ g6% h9% i189%  jnotgven... . .. .. =

T2 Go on to the next pcge.
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a2 b4 c6 d 8. .. . R
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TEST 5 Arithmetic Reasoning  Parr II 13
DIRECTIONS: The answer to each of these examples can be thought out without doing any
figuring on paper. You are to think out the answer and mark the answer space that is
lettered the same as your choice.
31 I which number is the 9 in the thousands position? booe d
a 1,988 b 11,911 c 19,111 d 88911 .. .. .. ... ... .. a:
32 If all the odd-numbered houses are on the same side of the street, which of the fol]owfng
would be on the same side as No. 24377 I g &
e No. 2432 f No. 2524 g No. 2645 h No.3724. . .~
33 What is the lowest common denominator for §, 3, and 47 b e d
a8 b 16 c 32 d64d. .. .. ...
3¢ Which is the smallest fraction? f.9 h
1 1 1 2 - ¢
€3 f bT g 18 h TR R .
R ' 1 b ¢ d
¥ i = a .20 b .05 c .01 d.00G . ... TR R
36 The amount left from a sale after costs and expenses are taken out is called — i g &
e rent f profit g wholesale h commission. .. ......3.
37 How much is 46.735 rounded off to a whole number? L oe d
a 46 b 46.7 c 46.8 dat. . ... . 3t
38'Dorothy earned b cents and spent d cents. How many cents did she have left?
;o9
e bd ff—; g b-d h%a-
3% By estimation, choose the example which will have the largest product.
a 888 b 888 c 888 d 888 b e d
x 90.9 x 9.09 x101 - x101 ... ......... E
40 Which is the same as ‘18 more than a number = 4477
18
e 1BN=14 f -N-44 g N+18 = 44 PR
R ON=18 + 44 ©!
. b ¢ d
41 4 = 02, b4 c8 d 16 . . . e o
42 How would 105%; of a number compare in size with the number?
e more than twice f slightly larger g slightly smaller f ¢ &
hlessthan half . ... ... ... .. ... m
43 For the use of money paid for a share of its stock, a company pays — _ booe
a dividends b bonds ¢ & premium d a mortgage .. ..
# By estimation, choose the quotient which will be larger than 1. . 1 og
136 + 1353 125 + 125 g148 + 148 162 +153 ..
45 When the dimensions of a square are doubled, its area becomes how many times as large? b oe d
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Stanford Advanced Paruai. L
TEST 6 Arithmetic Computation *14
DIRECTIONS: Work each example. Then compare ‘your answer with the answers given
at the right of the example. If your answer is one of those given, mark the ‘answer
space that has the same letter as your answer. Sometimes the correct answer is not
given. If the correct answer is not given, mark the answer space under the letter
for not given. Look carefully at each example to see what it tells you to do. If
you need to do any figuring, use a separate sheet of paper.
1 Multiply 205 . . e b ¢ d ¢
7 a 1235 b 1505 ¢ 1615 d 1705 e not given . . . o
2 Add  $8.70 fog ki
5.65 f $1335 ¢ $1345 h $1435 . $1535 j mot given : ‘ '
$ Subtract $5.03 ' a b o d ¢
4.55 a $.48 b $.58 c $1.48 d $1.52 e not given. . .
— . . " e b
4 34)68 f1 g2 h3 i 20 jnotgiven. . ............ PR
5 Add 638 o ' :
67 a b ¢ d ¢
332 a 985 b 995 ¢ 1085 d 1195 e not given . .. .. s
6 Multiply 37 : gk ;
. 16 / 582 g 592 h 602 i 692 j not given
7 Subtract 211.355 ahoe
174.879 a 36,476 b 37,576 .c 46,676 d 47,476 e not given -
— 8 5og h iy
-8 42)1428 : f 33 g 363 h 304 i 340 j not given . .. .. »
9 Multiply 400 o b ¢ d
01 a 8400 b 80,400 c 82,600 d 84,400 e not given
10 Sybtract +& . foe o h i
S f% gf—, h% i j notgiven. ... ... ..... w0,
1 Add % ' a b ¢ d
1 1 . v
5 a b g c2 d 1l e notgiven . ...... ... .. 4
6 1 . foe b2
12 g.‘x_‘lb.= f% gg h 3 izﬁ j notgiven. ... ... .. .. PR
. a b ¢ d ¢
B 1+3-= a2 b% c} d% enotgiven. . ... ...... ... @ N
1 . . foe ki
1 309, of $40 = f$% g$1; h$160 $12  j motgiven. .. .1+, | .
¥ T
1Add 2% '
] ' @ b ¢ d ¢
14 @6 b4 c¢3) d3 enmotgiven ............ T I
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Go on to the next page.

/ R
18200 x 25 = (50 g5 h500 (500 jnotgiven . . .. W
17 Add  4667.55
786.68 a 12,001.65 b 12,100.65 c 12,101.65 d 12,11065 o c d
99.64 enotgiven. . ... ... i Rt o
6547.78
JRE— f A4
18 5)3520 f 74 g 704 h 724 i 740 j not given. . ... .. o e
19 Selling Price” = $500 . .
Rate of C ission = 207 . .
anin?issig:lmlssmn _Ty¢ a$520 b0 $100 d $400 e not given e
- : : ! ho 4
0 9).081 f .009 g .09 h .9 9 jnotgiven.......... w0
31 Subtract 24 o i ¢ 3
1 a1l b1} c2 d3} emotgiven ... ... o L 0
22 Multiply 163 p A
8 f24} g128 128 (134 ) notgiven ... .=
a K d
2 If 8§y =5 vy= aT b8 4 d64 emotgiven. .. ...... ... “ ‘
! Ko
g [k &1 h4 (16 jmotgiven. . ..
19, Recreation 25 What per cent of the taxes was spent for hocpltah
FP 159, Hospitals and welfare? “ o od
‘ 209 Welfare a 15 b 209 ¢ 35% d60% e not given -
F— 259, General 26 What per cent was spent for ‘‘other costs”? i Wi
government {39 g40% h 60Y% 619 ) mot-given.s
27 Suybtract 91b. 8oz 16 1b. 8 oz. b 16 1b. 4 oz. c 21b. 12 oz. a o
61b. 12 oz. 21b. 2 oz. enotgiven .. . ... ... ...........%
38 Add 61b. Yoz
- 151b 13 oz, 2 g 271b.140z. h 271b. 6 oz. i e
71b. 8oz i Ib 140z. jmotgiven.... ... ... ........ ... ®
TEMPERATURE CHART
%: 29 How many degrees warmer was it
Q18 at 3 P.M. than it was at 9 a.M.?
2% a4 58 100 d18° a d
o 3 . i
w129 enotgiven. ... ............ ... 2 G
a0 )
g 2= 30 How much did the temperature fall
Lol from 2 P.M. to 6 P.M.7
32 7 g 10 11 12 1 2 3 4 5 6 S8 g100 0 RAE L2 P!
) 1 ; ; ; .
AM. PM. jnotgiven. .. ... .. ... ... ... 30
3 Find the average 16 ft. ’ ! ' . e ¢ d
9 ft. a9ft. b1l1ft. c12ft. d 36ft. e notgiven .uy L
11 ft. . :
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TEST 6 Arithmetic Computation (Continued) o €16
[ . - ) fog ko0

2 2.2)6.71 [ .305 g 3.05 h 30.5 i 305 J not given .. .. 31
3 Add 15 m. 8 cm. a 19 m, 13 cm. b5 19 m. 3cm. ¢ 20m. 3 cm. e b ¢ d e
4m. 5cm. d 21m. 3 cm. emotgiven. .. ... ... .. .. .. . ... . R
M If A = % bh, what is the area of the triangle shown at the left? f e A i

f165 £33 K135 i270 jmotgiven . . s’

b— 15 —{

35 If 25¢, of an amount is $1.25, what is the amount?
a $20 b5 $6.00 ¢ $3125 d $.0126 e not given.. s’

8 =14 6 &10 h20 i40  j notgiven. . o 3

I 2m+10=28 m= a9 b 12 c 16 d 18 e not given .. 37

88 Aggessed Valuation = $4000

10 = 80 f$4250 g $100  h $4250 i $10000 5 ¢ A i ;
X::oﬁ:eot?%fai 00 - $2?50 jmotgiven ... ... .. ... ... o W oo
39 - 21 _ : a b ¢ d e
+3 _ a 18 b7 c =21 d —24 e not given. . .. .. .. 3 ;
40 Multiply +4a ‘ o9 b i
-3 f12a g —12 h 12 ila Jjootgiven . .. o« . o

41 Principal $600

Annual Interest
Rate of Interest

Bon

$30 e b ¢ d e
S ab% b2% c5% db0% emotgiven .« G L G

n » . ) S e ko5
"lf§=18,n= f6 g16 R21 ib64 jnmotgiven. . ... . .. @l
4 Principal = $800 s b ¢ o4
Rate = 3% a$4 b$12 c$24 d$144 e notgiven .. .. .. PR I
Time = 6 mo. -
= ?

Interest

# If A = r°, what is the area of the circle shown at the left?
(» = 3.14)
f 7860 8q. ft. g T7.50 sq. ft. h 31.40 sq. ft. f ¢ h i
i 15.70 sq. ft. jootgiven ... ... ... ... .. ... . ....... wib R E

v ’

Stop.

MNomorr 1 1 8 46876 $10 NUNULBIITIIINN NBBULNTINN URBHLH 7 8D 0 08U H)
[Criscore 3 A B BENMOB G NS DH TR 2606 7O BTSTITIGR_ 587909397 101 104 107 111 114 118 21 124 127 |

[ 16 ]
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The computer program used to perform the analysis of
data was BICAL (Wright & Mead, 157§)?. The descripticn in‘this
arpendix relies heavily on the documentation given for the
program., The program consists of three major secticns: input,
estimation, and fit. . |

The input portion reads the control cards, stores
the data for each perscn, and'cgmputes the frequency of raw
scores and the proportien of.correct résgcnses on each iten
(marginals). As part of this séc£ion a subroutine eliminates
zero and perféct scores frcm'itep and person files. The user
has the option of specifying minimum and paximum scores tc be
included in the calibration g;mpie,, This feature hélps to
alleviate the guessing problem by eliminatiné from the
calibration process those sco;es‘less that that due to clance
alone on multifple-choice questioné;z There.is alsoc a facility
by which items may be removed| from the analysis thereby
allowing recalibration without.chahging:other control * cards. .
There are several forms in which daﬁa may ke input; in the
present study e€ach item was codédﬂo,1,2,3,u, or 5 according to
resgponse selected, and a scorigé key was provided.

The estimation section caiculates the estimates of
ability and difficulty frcm the~ﬁargi§a1.perspn and item score
distributions. There are two estimaticn cpticns available..
The first (PRCX) 1is an app;bximate method using Cchen's
procedure (Wright & Douglas, 1977a) which may be used for long
tests with symmetrical score disffibutions, The second (UCON)

is the corrected unconditiqnal maximum likelihood procedure
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(Wright & Douglas, 1977b) suggested for use with shorter tests
and skewed distributions. . :Gi;eé the final difficulty
estimates the program compute$ Athé corresponding ability
estimates for all raw scoress. . The origin for both perSons and
items is at the centre of estimatealitem difficulties.

The fit sectioﬁ coméutés‘a mean square test of fit
for each'item and organizes the r;sults into a summary table. .
The sample is divided into a number of subgroups (maximum of
six) stratified by tctal SCOTre€S, The cbserved successes on
each item in each score subgroup are compared .Hith those
predicted for that subgroup fipm the total sample estimate.
The model suggests that the‘ ‘difficulty estimates are
independent of the ability Of:the sample, hence there should
bé close agreement between cbserved and pfedicted successes on
each item. Finally, BICAL célculates a residual index of tle
slope of each item characteristic curve after the model has
been fitted. This statistic may be iﬁterpreted as an index of
item discrimination,.

An example of the output of BICAL is included 1in
this appendix. The fcllowiﬁél detailed description-:cf the
printout on each page shouldlg§0e'$ome insight into the data
analysis. . o
| Pagé 1 1lists the cbﬁtrql cards.. It also lists the
item reponséé for the first suﬁjecﬁ‘and gives the total number
of items and subjects to ensure‘thét“the data file was read
ccrrectly. | |

Paée 2 takulates the responses tc each iteme. The

letters indicate that the items were from the reasoning test
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and the computation test..  The figure in the "unkancwn" column
is the number of times the reSpondents .omitted the item or

resgonded unacceptably, for example, by marking several

Ve
il

responses for the item, .
Page 3 summarizes the editing process. . Four

subjects whose scores were ;ééé fhan the minimum cf 1E were

deleted from the analysis. No'one achieved a perfect score..

Page 4 shows the freé@énci;s of raw scores and the
corresponding histogram.,  An iéspectign.of the histogram schows
a»prepcnderanée of high scores,; |

Page 5 shows the ‘numbér'of ccrrect recsponses for
each item on the test and the éoéfespéndiné histogram. . Again,
casual inspection shows the itéms to be generally easy.

Page 6 lists the item difficulty estimates and fhe
associated estimates of the 'ééapdard errér of calikration. .
The mean. estimate of ability ’ié 1.23. Itens having
difficulties close to this value show the least standard
error. These items are best maté?edvto the ability of the
sﬁbjects and are Dbest estimateé., Items of least difficulty
are least best estimated as shq§n ﬁy the higher standard erfof
of calibration.l The scale facté;é ét the top of the page are
reiated to the PROX (Cohenjﬁ prgcedure of approximate
estimation,, L

The unnumbered page foilowihé page six <chows the
relationship between raw scérés and estimates of person
abtilities, along with the Standara errcr of measurement

related to each score. The mean ability at the bottcm c¢f the

page is the summary statistic for the abilities of all persons
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in the sample. . The curve is the function relating raQ( scores
cn the vertical axis and ability Qn the horizontal axis, with
-the typical logistic shape. .

‘ Pages 7 and 8 contain information on which to judge
the degreg of fit tc the modei fpr each'item., The subjects
are divided into, in this case, éix groups ranging from 1low
ability to high ability.. The écore range, number of subjects,
and mean ability for each éroup are shown at the bottcm of
page 7. The figures in the six columns under  "iten
characteristic curve" are the fraction of each grcup correctly
answering a given item. On itém[C19, for example, 33% of the
45 persons in the lowest ability group géve correct ansueré..
Moving across the grcups fof itemjé19 it will be noted that
the item is well-behaved; as ability increases the propcrtion
of correct ansvers increases,j $his trend is not evident for
item C39. The six columns under "departure from expected cen
show how the oktained values différbf:om values predicted from
the theoretical iten characteristié curve kased on the mean
group ability and the estimated'difficulty of the item.  For
example, 16% of the first groﬁp!édprectly answered item C39,
and this is 8 percentage points ﬁo;e than expected. .

Under the secticn ‘lébelled "fit mean square" the
"within group" column indicates the variance remaiﬁing in the
groups affer removing the effect of differences in the . shapes
of characteristic curves.. If the correct proportion of the
group succeeded but +the wrong péople in the group were
successful the within group vaiué will bé large relative to

the between group variance,  The "between grcup" variance.
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serves to evaluate the agreement between the observed itenm
characteristic curve and the theoretical curve. These mean
squares have expected values of unity. A non-significant
value indicates that statisticélly equivalent estimates of
item difficulty are procduced rega#dlegs cf which scoring group
was used in the calibration. .

The lkasic fit statistic for each item is  the one
given . under the heading "totaiﬁ;_ its expected value again. is
unity. The value will ke large‘whep the . cbserved trend‘ does
not follqw the predicted tren@, for example, if toc many
higher ability persons fail or Qﬁce.versa.” It is an indicator

: _
of disagreement betuween the ability called for on the item and
that defined by the aggregate of'items.

The discrimination index is related to +the pattern
of "departures from exgected ICé",, ;ts mcdel value is unitye.
If the pattern of departures runs.from negative to positi#e
across the six groups, the. disg:iminaticn index will be
greater than unity, for example; ifem C19% . If the trend is
positive to negative the inde#'will be less than unity, for
example, item CU0. The index is a measure of the 1linear
residual trend across score groupse..

The point 'biseriai. values are the custcmary
correlations between a“subject's‘sﬁgcess on e€ach item and his
or her'estimated ability score from the test.

| On page 8, the items'a:e”arranged_in three different
ways in order to facilitate retrieval of information. The fit
order on the right hand side'is ﬁhe most useful in selecting

non~fitting items, .
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Page 9 shows the relationship between prolkability of
success for a score group cn a given item and the mean square
for the group. The latter figure is obtained by stamndardizing
and squaring the figures in the,éentre panel on page 7., This
plot is useful on multiple-chqice'questions vhere the presence
of guessing is indicated by 1large values of mean ‘Squares
located to the 1left of the éhancé prqbability level for the
test,, In this instance item 40 would be a gccd candidate for
guessing. .
Pages 10, 11, and 12 contain twc-way plcts of itenm
diffiqulty, residual discrimipéfién, and total‘ fit mean
square. They might be useful ip'aetermining by inspecticn any

particularly interesting trends;;
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CONTROL PARAMETERS

NITEM NGROP MINSC MAXSC LREC KCA

44 0 14 43

COLUMNS SELECTED
1 2

B SCORE 1
160 2 0 0

3 4

1*****t**o**i****t*o*********O*******t*o*********0*********0*********0****i***io

1111111111
KEY
KEY .

5312521525
FIRST SUBJECT

0020000000° 1 1241115124

FIRST SUBJECT

5312352524

0020000000 2

NUMBER OF ITEMS 44
NUMBER OF SUBJT 296

1111111111 1111111111

2124243231 3411313425

2353152425 4325314432

5142334235 3122434545

1111111111

3213521255

3113431131

5515154131

1111

3421

3443300000

5155000000

£0¢
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:

SEQ ITEM
NUM NAME

ALTERNATIVE RESPONSE FREQUENCIES.

S

44 C44
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13
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68
15

115

130
15
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Vr'1$9'6;1"'computati'ioh test calibration . - ‘ ‘ T , R S ... PAGE 3

NUMBER OF ZERO SCORES 0
- NUMBER OF PERFECT SCORES 0

. NUMBER OF ITEMS SELECTED '44

NUMBER OF ITEMS NAMED 44

* SUBJECTS BELOW 14 3 ,

. SUBJECTS ABOVE . 43 S0 -
SUBJECTS IN CALIB. ‘ 293

- TOTAL SUBJECTS — 296

-~ REJECTED ITEMS

‘ITEM ITEM 'ANSWERED - A » p
NUMBER NAME CORRECTLY o .
_ NONE
SUBJECTS DELETED = 0
SUBJECTS REMAINING = 293
. ITEMS DELETED =" 0
POSSIBLE SCORE ‘= 44~
MINIMUM SCORE = 14°
. MAXIMUM SCORE = 43

s0¢
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1964 computation test calibration -
DISTRIBUTION OF ABILITY b

SCORE

COUNT PROPORTION

N
[l

bt bt et st e
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1 XAXXKARXXXT 4170 97 27 B . %
1 ) XXXXXXXXXXX1 . €2°0 LY |34 ) - Co o
1 XXXXXXXXXXXXXAXAXXXKXXXXXXT - ZG5°0 [4 0 SR 4 4 o ’ e HR
I XXXXXXXXXXXXXXXXXXXXXXI' bv-0 BRI (130 GRS § 4 .. S \ R
I : . XXXXXXXD . p1°0 oy ob ; TR
1 : XXXXXXXXXXXXXT "LZ°0 8L  6€ B
1 AAAAXXXXXXXXXXXXX T ve'o 101 8¢ 54 !
1 XXXAXAXXXXXXXXXXXXT LE®O 80T LE i .
I . XXXXXXXXXXXXXXXXXXAXAX XXX XX XXX XXX XXX XX XXX XXXXXXXT 9670 282 9€ - N H
1 XXXAXXXXXXAX XXX XXXXXXXXXXXXXXXXXXXXXXXXT 8L°0 ’ 1] 4 13 I
I XXXXXAXKXXXXXXXAXXXXT  6ETO0 . ST1 143
I XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXI 0L°0 poe €€
I XXXXXXXXXXAXKXXXXXXXXXXXXT TS°O0 6P (4%
I XXXXAXXXXXXAXXXXXXXX XXX XXX XXX XXXXXXXXXXXXXT .G8°0 . :1:44 ,IE
I XXXXXAXXAXAXXX XXX XX XXX XXX XXX XX XXXXXXXXXXXXT G8°0 8he 0€
1 XAXKXAXXXXXKXXXAXXXXXXAXXXXKKXAXXXXXXXT €L°0 [ A¥4 6C--
I XXXXXXXXXXXXXXXXXAXXXXXXXXXKXXXXXXXXT TL°O 602 8¢
I XAXXXXXXXXXXXXXXXXXXRXXXXXXXXXXXKXXXXXT  €L°0 . s1¢ Lc
1 XXXXAXXAXXXXAXXXAAXXXXXAXXXXXT 8570 691 9
I XXXXXAXXXXXKXXAAXKXRAXAXXNAXX XXX XXXXXXNXXT 9L°0 gL . se
1 AXAXXXXAAXXKXXNXXAXXXXXXXXXT $5°0 651 ve
I XXXAXXXXXAXXAXKXXAXXXXXAXKXXKXXXXXXXXXXI 9L°0 vee £Z
I XXXXXXANXKAXXAXXX XXX XXX KX XXX XXXXXXXXT 69°0 €02 [44
I XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXI 16°0 L9 12.
. I XXX XXXXXXXXXXAXXX XXX XXX AXKXXXXXXXXXXT . 9L°0 B X-14 0z
1 XXXXXXXXXXXXXXKXX XXX XXX XXXXXXXXXXXXXT 2ZL°0 Z1Z - 61
I XAXXXXXXXAXKXXXXXXXXRXXXXAXXAXXXAKXXXXXXT  LL°O0 922 -. 81
I XAAAXXXXXXXXAXAXXXXXXXXXXXXXXXXXXXT 69°0 0z - L1 .
I XXXAXXXXAXXXXKAXKXAXXAXXKXKXXXXXXKXAXXXXT - LL*O sze 97
1 XXXAAXXAXKXA XXX XXX XX AAKXXAXXXAXAXXAXKXXXAXXKXXXT LB°O vse ST
1 XXXXXXXAXAXXAXXXXXXNXXXAXXXXXXNXXXXXT ZL°0 ER ST A
I XXXXXXXXXXXKAXXXX XX XX XX AXXXXKXAXXAKXRXT  ZL°O0 01z XYt
) I XXXXXXXXXXXXKXXAXAXAXXXXXXXXAXXXXXXX XXX KXXXXXXXT T6°0 L9Z [41
1 XXXXXXXAXKNXXAAXXX XXX XXX KXXX XX KX KXXXXXXXXXXT .08°0 Lve Tt
* 1 XXXXXAXXXXKX XXX XXXXKX AKX XAKXK XXX R AR KXAXAXXXXXXXT - 26°0 “TLT 01
1 XXXXXXAXKXXXXXXXX XXX XXX AXXXXXXXXAXXXXXXXXXXXI 88°0 - - 86¢ -6
I. XXAXXUAKKUXX XN XX XAXX XN XX AXXAX XX XX XX AXXXXXXXXXXXXT T6°0 89¢ 8
1 XXAXXAXXXXXXKXNXN XX AXR XXX KX XX XXX KX AXXXAXXXT  -98°0 - £92 L
1 XXXXKAXRXXXKXAXXXX XX XX XXX AXKXAXXXXAXAXAXXXXXXT 88°0 862 9
I XXXAXKXXAXX XXX XXX XXX XXX AKX XXX XXX XXX XXX XXXXAXX T 16°0 99Z ° §
T XXXXAXXNHXXAXAX XXX XXXXXXXAXAXAXAXR XXX XAXXKXXXXXXXT  66°0 682 14
, I XAXXAXXXAXXXAXXXXAXXXAXXAAXXKXKXKXAXXXAXXXXXXXXXXT 670 vLe | €
! I AXAXAXXXAXXXXKXXAXXX AR KAAXAX KX AKX AXAXXKXXKXXXXXXXT  06°0 S92 [4
I XXXXXXXXXXXXXXXXXXXAXXNXXXXXXXXXXXXXXXXXXXXXXXXXX] 86°0 L8z - 1
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1964 computation test calibration
PROCEDURE USED UCON

DIFFICULTY SCALE FACTOR 1.148 ABILITY SCALE FACTOR 1.35
NUMBER OF .ITERATIONS = 2

SEQUENCE I ITEM I ITEM STANDARD LAST DIFF  PROX
NUMBER I NAME I DIFFICULTY ERROR CHANGE DIFF
1 I c1 1 -2.922 0.413 -0.018 -3.153
2 1 c21 -1.269 0.205 -0,012 -1.293
1 -1° €31 ~-1.708 0.242 -0.014 -1.777
4 1+ Cc41 -3.332 0.502 -0.018 -3.626
LR 8 cs 1 -1.311 0.208 -0.013 -1.339
6 I c6 1 -1.004 0.188 -0.010 -1.007
7 1 c7 1 -0.840 0.178 ~~0.009 -0.831
8 1 €81 -1.400 0.215 . -0.013 -1.436
9 - I 'c91 -1.004 0.188 -0.010 ~1.007
10 I. Cl0 I ~-1.545 0.227 -0.013 -1.596
11. 1 Ccl1 1 -0.662 0.169 -0.008 -0.643
12 1 Cl2 1 -1.355 0.212 -0.013  -1.,387
13° 1. C131 0.177 0.140 . -0.000 0.221
14 I Cl41 0.158 0.140 -0.000 0.201
1s 1. Cl15 1 =-0.871 0.180 -0.009 - -0.864
16 1 -cl6 1 ~-0.127 0.148 -0.003 -0.087
17 1. SCl71 0.327 0.137 0.002 0.371
-18 .1 Cl§1 -0.148 0.149 -0.003 = -0.109
19 T Cl191 0.139 0.141 -0.000 0.182
20. I C201 -0.105 0.147 -0.003  -0.065
21 I C21 1  -1.355 0.212 -0.013  -1.387
22 I1.C221 0.308 ©70.137 0.001 0.353
23 1 €231 -0.105 0.147 -0.003 -0.065
24 I c24°1 1.055% 0.129 0.010 1.090
25 1 €25 1. -0.063 0.146 -0.003 -0.022
2% 1 €261 0.893 0.129 - 0.008 0.931
27 1 €271 0.080 0.142 -0.001 0.123
28 1 C281 0.196 0.140 0.000 0.240
29 I C291 0.099 0.142 -0.001 0.143
30 I €301 -0.690 0.170 -0.008 -0.673
31 1 €311 " -0.690 0.170 -0.008 -0.673
32 1 c321 1.216 0.128 0.012 1.247
3301 C331 0.290 0.138 0.001 0.334
34 1..CH1 1.771 0.131 ~0.019 1.788
35 1 €35 1 -0.237 0.152 -0.004  -0.200
36- I C361 -2.296 0.310 -0.016 -2.437
37. 1 €371 1.890 0.132 0.020 1.904
38 I C38 I 2,012 0.134 0.021 2.024
39 I C391I 2. 444 0.143 - 0.024 2.450
40 I Ca0 I 3.386 0.180 0.028 3.403
41 1 c4l 1 1.523 0.129 0.016 1.546
42 -1 ca2t 1.168 0.128 - 0.012 1.200
43 1. ca3 1 2.676 0.150 0.025 2.682
44 1 Ca4 I 3.233 0.172 0.028 3.245

'ROOT MEAN SQUARE = 0.013

MEAN ABTILITY = _1.2

PAGE
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COMPLETE SCORE EQUIVALENCE TAB

---------------------------------------- U S GRS
TEST CHARACTERSTC CURVE

RAW LOG STANDARD
SCORE COUNT ABILITY ERRORS
43 0 4.71 1.06
42 4 3.93 0.78
a1 6 3.44 0.66
40 5 3.06 0.59
39 5 2.75 0.55
38 11 2.48 0.51
377 16 2.24 0.48
36 23 2.02 0.46
35 18 1.83 0.44
34 31 1.64 0.43
33 17 1.47 0.41
32 .14 1.31 0.40
31 12 1.15 0.39
30 - 15 1.00 0.39
29 14 0.86 0.38
28 15 0.72 - 0.37
27 21 0.59 0.37
26 11 0.46 0.36
25 10 0.33 0.36
24 9 0.20 0.36
23 9 0.08 0.36
22 - 7 -0.05 0.36
c21 . .6 «0.17 0.35
20 5 -0:29 0.36
19 3 -0.42 0.36
18- 1 -0.54 - 0.36
170 -0.67 0.36
16 3 -0.79 0.36
15 1 ~0.92 0.37
14 1 -1.06~ °_0.37
13 2. =1.20 0.38
12 1 -1.3¢ . 0.39
117 o -1.49 0.39
10 0 -1.65 - 0.41
9 0 -1.82 0.42
8 0 -2.00 0.44
7 0 -2.20 0.46
6 0 -2.42 0.49
‘5 0 -2.67 0.53
4 0 -2.96 0.57
3 0 -3.32 0.64
2 -0 -3.80 0.76
1 0 -4.57 1.04

" MEAN ABILITY = 1.23
- §D OF ABILITY= 0.88

LE

II
11

11
II
I1
II
II
11
11
11
11
II
II
II
1I
II
11
11
II
II
11
I1
11
11
11
11
11
11
11
II
II
II
II
II
I1
II
II
II
II
II
I1
II

11

11

602
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1964 computation test calibration . . PAGE 7
ITEM CHARACTERISTIC CURVE DEPARTURE FROM EXPECTED ICC, . - FIT MEAN SQUARE

SEQ ITEM I 1ST 2ND 3RD 4ATH STH 6TH I 1ST 2ND 3RD 4TH S5TH 6TH I WITHN BETWN ) DISC ﬁOINT I
NUM NAME I GROUP GROUP GROUP GROUP GROUP GROUP I GROUP GROUP GROUP GRQUP GROUP GROUP ‘I GROUP GROUP TOTAL INDX BISER I

1 ¢11 0.93 1.00 1.00 0.98 1.00 0.97 I -0.01 ©0.03 0.02 -0.01 0.01 -0.02 I 1.49 2.41 1.51 0.69 0.09
2 c21 0.8 0.83 0.89 0.93 0.96 0.94 1 0.09 -0.02 -0.01 0.00 0.01 -0.03 I 1.45 1.13 1.44 0.66 0.15
3 c31 0.91 0.8 0.91 .0.93 0.96 0.99 1 ©0.09 -0.02 -0.02 -0.02 -0.01 0.00 I 1.05 0.72 1.05 0.73 0.13
. 4 C41 1,00 0.95 0.98 1.00 0.98 1.00I ©0.04 -0.03 -0.01 0.01 -0.01 0.00 I 1.04 1.14 1.04 1.97 0.04
K 5 ¢c51 0.82 0.8 0.98 0.91 0.94 0.93 1 0.06 -0.00 0.08 -0.03 -0.01 -0.05 1 1.48 2.44 1.50 0.56 0.14
L 6 c6 I 0.76 0.81 0.84 0.93 0.92 0.97 1 0.06 -0.01 -0.02 0.02 -0.02 0.00 I 1.01 0.30 0.99 0.89 0.23
Rt 7 ‘c71 o0.71 0.81 0.8 0.8l 0.96 0.96 I 0.05 0.02 0.02 -0.08 0.03 -0.00 I 1.00 0.93 1.00 0.87 0.26
8 c8'lI 0.76 0.88 0.91 0.95 0.98 0.97 1 ~0.02 0.01 0.00 0.02 0.02 -0.01 I 1.55 0.22 1.52 1.03 0.26
9 c91 0.73 0.83 0.8 0.93 0.92 0.96 1 0.03 0.02 -0.00 0.02 -0.02 -0.01 I 1.07 0.22 1.06 0.85 0.26
10 cl01 0.82 0.8 0.91 1.00 0.96 ©0.97 .1 0.02 -0.03 -0.01 0.05°-0.00 -0.01 I 1.77 0.67 1.75 0.93 0.20
11 cil1 1 0.5 0.79 0.86 O0.81 0.94 1.00 I -0.07 0.03 . 0.04 -0.07 0.02' 0.05 I 0.80 1.50 0.82 1.12 0.36
12 cl12r 0.71 0.93 0.91F 0.95 0,94 0.99 1 -0.05 0.07 0.01 0.02 -0.02 0.01 I 0.87 0.63 0.86 1.08 0.28
13 c13 1 0.40 0.64 0.75 0.77 0,78 0.87 1 -0.02 0.06 0.09 0.0} -0.05 -0.03 I 1.10 0.78 1.09 0.85 0.31
14~ C141 0.47 ©0.55 0.55 0.84 0.8 0.93 1 0.04 -0.03 -0.12 0.07 0.03 0.03 1 0.92 1.16 0.93 1.10 0.40
3 15 cis 1 0.60 0.81 0.8 0.91 0,94 1.00 I -0.07- 0.01 0.01 0.0l 0.01 0.041I 0.74 0.86 0.74 1.16 0.40
16 ci6é 1 0.40 0.64 0.73 o0.84 0.88 0.99 I -0.10 -0.01 -0.00 0.03 0.02 0.06 I 0.78 1.25 0.79 1.32 0.46
217 ci7 1 0.49 0.5 0.5 0.72 0.80 0.93 1 0.10°-0.04 -0.08 -0.01 -0.00 0.04 I 0.99 1.00 0.99 1.00 0.37
18 .c18 1 0.44 0.60 0.73 0.86 0.94 0.94 @ -0.06 -0.06 -0.01 0.05 0.07 0.021I 0.88 0.91 0.88 1.24 0.41
19 ci9 ¥ 0.33 0.57 0.61 ‘0.81 0.88 0.97 I -0.10 -0.02 -0.06. 0.05 0.05 0.07 I 0.82 1.62 0.83 1.38 0.48
20 €20 I 0.42 0.62 0.68 0.86.  0.94 0.94 1 -0.07 -0.03 -0.04 0.05 0.08 0.021 0.85 1.04 0.85 1.26 0.44
21 c211 0.76 0.93 0.93 0.86 0.96 0.99 I -0.01 0.07 0.03 -0.08 0.00 0.01 I 1.00 1.27 1.00 0.94 0.24
0 22 C22'1>\0;16 0.60 0.73. 0.74° '0.90 0.90 I -0.24 0.05 0.09 0.01 0.10 0.01 I 0.80 3.20 0.85 1.37 0.52
et A 23 c23 1 "0.58 0.76 ©0.57 0.79 0.86 0.93 1 0.09 0.12 -0.16 -0.02 -0.00 0.00 I 1.03 1.87 1.05 0.83 0.27
i - L - 24 c241 0.13 0.45 0.48 - 0.65 0.67 0.74 1 -0.10 0.09 0.03 0.08 0.02 -0.05 I 0.99 1.39 1.00 0.98 0.41
o o B 25. C€25 1 0.53 0.57 o0.75 0.88 0.84 0.89 I 0.05 -0.06 0.03 0.08 -0,02 -0.04 I 1.07 0.97 1.07 0.87 0.32
: s L o 26 C26 I 0.29 0.21 0.52: 0.74 0.65 0.8 I 0.02 -0.19 0.03 0.14 “0.04 0.04 1 0.92 2.19 0.95 1.16 0.46
- : 27 C27 1 0.36 0.60 0.75 0.72 0.90 0.94 1 -0.09 -0.01 0.06 -0.06 0.06 0.03 I 1.05 1.13 1.05 1.23 0.44
28 c28 1 0.33 0.62 0.73 0.63 0.92 0.91 1 -0.09 0.05 0.07 -0.13 0.10 0.01 I 0.88 1.99 0.90 1.15 0.44
29 €29 1 0.49 0.55 0.73 0.72 0.92 0.87 I 0.05 -0.05 0.05 -0.05 0,09 -0,04 I 1.01 1.17 1.01 0.91 0.34
360 _,c301 0.64 0.71 0.84 0.95 0.90 0.96 1 0.0! -0.05-0.02 0.07 -0.02 0.00 I 1.10 0.61 1.09 1.01 0.33
o . : 31 c31 1 0.58 0.71 0.91 0.8 0.94 0.97 1 -0.05 -0.05 0.08 0.00 0.02 0.021 0.83 0.82 0.83 1.17 0.39
S0 s L 32 c32 1 0.36 0.24 0.39 0.5 0.57 0.77 1 0.15 -0.09 -0.03 0.03 -0.05 0.00 I 1.07 1.65 1.08 0.84 0.36
. - .- . 33 C33 1 0.62 0.64 0.66 0.72 0.73 0.76 I 0.23 0.09 0.02 -0.02 -0.07 -0.13 I 1.44 5.59 1.53 0.23 0.09
v - - 34 c341 0.04 0.19 0.23 '0.42 ©0.51 ©0.74 1 -0.09 -0.03 -0.06 0.03 0.03 0.08 I 0.91 1.35 0.92 1.37 0.48
G ' DN - 35 c35 1 0.49 0.74 .0.77 0.81 0.82 -0.97 1 -0.03 0.06 0.02 -0,01 -0.06 0.04 I 0.95 0.93 0.95 1.05 0.36
st R, 36 c36 1 0.89 0.95 0.95 -0.95 1,00 1.00 @ -0.00 0.01 -0.00 -0.02 0.02 0.01 I 0.72 0.49 0.71 0.99 0.21
i . ' .37 c37 1 0.13 0.19 0.25 0.30 ©0.47 0.67 I 0.01 -0.01 -0.01 -0.06 0.01 0,03 I 1.00 0.26 0.98 1.07 0.42
k1] c38 1 0.02 0.24 0.27 0.33 0.41 0.63 I -0.09 0.06 0.03 -0.01 -0.02 0.02 I 0.95 0.97 0.96 1.10 0.42
39 c39.1 0.16 0.21 0.18 0.28 0.22 0.44 1 0.08 0.09 0.0f 0,03 -0.10 -0.07 1 1.22 2.35 1.24 0.56 0.23
o - . 40 c40 1 0.11- 0.07 0,09 0.09 .0.18 0.21 I 0.08 0.02 0.02 -0.02 0.03 -0.09 I 1.63 2.88 1.65 0.51 0.12
’ A n - 41 .cC411 0.18 0.36 0.30 0.42 0.45 0.77 1 0.0l 0.09 -0.05 -0.03 -0.10 0.06 I 1.09 1.17 1.10 0.99 0.37
- - . 42 c42 1 0.16 0.26 0.39 0.53 0.73 0.83 1 -0.06 -0.08 -0.04 -0.00 O0.10 0.05 I 0.88 1.17 0.88 1.32 0.51
. . 43 "C43 1 0.09 0.07 0.14 ©0.21@ 0.27 0.46 I 0.03 -0.03 -0.00 0.00 -0.01 0.00 I 1.08 0.24 1.046 0.97 0.33
. : 44 €44 1 0.02 0,02 0.09 0.16 0.10 0.39 I -0.01 -D.04 0,01 0.03 -0.08 0.05 T 0.85 0.95 0.85 1.17 0.35
st B et b L et e e e e e e h o e e o e — e — oo
v " SCORE RANGE 14-24 25-27 28-30 31-33 34-35 36-43 N= 45 42 44 43 - 49 .70 287 6 293 DEG OF FROM
MEAN ABILITY -0.14 0.49 0.86- 1.33 1.71 2.50 PLUS=TOO MANY RIGHT S .
' . MINUS=TOO MANY. WRONG 0.08 0.58 0.08 STD ERROR
GROUP MN SQ 2.2 0.9 -0.7. 0.9 1.0 2.0 - GE = 0.2
3.2 1.3 1.3 1.3- .1.1 "~ 3.3 EXPECT 1.4

SD(MN SQ) .

01e



1964 computation test calibration

SEQ ITEM
NUM NAME
1 c1

2 c2

3 .c3

4 c4
.5 C5
6 C6

7 ¢7

8 C8

9 «¢9
10" c1o0
11 cll
12 "ci12
13 c13
14 cl4
15 C15
16 C16
17 c17
18 c18
- 19 C19
20 €20
21 c21

WRNNOMNNNDNN
CWVUBIRAUNDWN
o]

N
-

W W W W W W W
DM U B WN
(o] oo
w W W
~ [RENSE

W
o
(o]
W
w

o
o
(2]
>
(=]

o 8 &
W N -
a0
s
w N

44 caq

SERIAL ORDER

1.26

1.37

0.73

0.83 .

DIFFICULTY ORDER FIT ORDER

SEQ ITEM ITEM D1ISC FIT 1 SEQ ITEM ITEM DISC FIT POINT 1

NUM NAME DIFF INDX MN SQ I NUM NAME DIFF INDX MN SQ BISER I
4 Cc4 -3.33 1.97 1.04 1 36 C36 -2.30 0.99 0.71 0.21 I
1 c1 . -2.92 0.69 1.51 1 15 C15 -0.87 1.16 0.73 0.40 1
36 C36 . -2.30 0.99 0.71 1 16 C16 -0.13 1.32 0.79 0.46 1
3 Cc3 -1.71 "0.73 1.04 1 11 Cl1l -0.66 1.12 0.81 0.36 I
10 cClo -1.55 0.93 1.74 1 31 C31 -0.69 1.17 0.82 0.39 1
8 c8 -1.40 1.03 1.51 I 19 C19 0.14 1.38 0.83 0.48 I
21 Cc21 -1.35 0.94 1.00 I 22 C22 0.31 1.37 - 0.84 0.52 1
12 Cl12 -1.35 1.08 0.86 I 20 C20 -0.11 - 1.26 0.85 0.44 1
5 CS ~-1.31 0.56 1.50 I 44 C44 3.23 1.17 0.85 °~ 0.35 1

2 c2 ~1.27 0.66 1.43 1 12 Cl2 -1.35 1.08 0.86 0.28 1

6 (o3 -1.00. 0.89 0.99 1I 42 C42 1.17 1.32 0.88 0.51 1
9 c9 ~1.00 - 0.85 1.05 1 18 cC18 -0.15 1.24 0.e8 0.41 I
15 C15 -0.87 1.16 0.73 1 28 C28 0.20 1.15 0.89 0.44 I
7 c? -0.84 0.87 1.00 1 34 C34 1.77 1.37 0.92 0.48 I
31 C3 ~0.69 1.17 0.82 1 14 Cl4 0.16 -~ 1.10 0.92 0.40 I
30 cC30 -0.69 1.01 l.08 1 26 C26 0.89 1.16 0.94 0.46 I
11 C11 -0.66 ° 1.12 0.81 I 35 C35 ~0.24 1.05 0.95 0.36 I
35 C35 -0.24 1.05 0.95 I 38 C38 2.01 1.10 0.95 0.42 I
18 C18 -0.15 1.24 0.88 1 37 €37 1.89 1.07 * 0.98 0.42 I
16 Cl6 -0.13 1.32 0.79 1 6 C6 =1.00 0.89 0.99 0.23 I
20 C20 -0.11 1.26 0.85 I 17 C17 0.33 1.00 0.99 0.37 I
23 c23 ~0.11" 0.83 1.04 1 24 C24 .06 0.98 - 1.00 0.41 1
25 C25 -0.06 0.87 1.07 1 21 c21 -1.35 0.94 1.00 0.24 I
27 C27 0.08 1.23 1.05 1 7 c7 -0.84 0.87 1.00 0.26 1
29 C29 0.10 0.91 1.00 I 29 C29 0.10 ~ 0.91 1.00 0.34 I
19 C19 0.14 1.38 0.83 I 4 C4 -3.33 1.97 1.04 0.04 1
14 Cl4 0.16 - 1.10 - 0.92 I 3 Cc3 =1:71 0.73 1.04 0.13 I
13 C13 0.18 0.85 1.0 1 23 C23 -0.11 0.83 1.04 0.27 I
28 C28 0.20- 1.15 0.89 1 9 c9 -1.00 0.85 1.05 0.26 1
33 C33 0.29 0.23 1.52 1 43 C43 2.68 - 0.97 1.05 0.33 I
22 C22 0.31 1.37 0.84 1 27 c27 0.08 1.23 1.05 0.44 1
17 C17 0.33 1.00 0.99 1 25 C25 ~0.06 0.87 1.07 0.32 I
26 C26 0.89 1.16 0.94 1 30 - C30 -0.69 1.01 1.08 0.33 1
24 C24 1.06 0.98 l1.00 1 32 C32 1.22 0.84 1.08 0.36 I
42 C42 1.17 1.32 n.88 I 41 C4) 1.52 0.99 1.09 0.37 1
32 €32 1.22 0.84 1.08 I 13 cC13 0.18 0.85 1.09 0.31 1
41 C41 1.52 0.99 1.09 1 39 C39 2.44 0.56 1.24 0.23 1
34 C34 1.77 1.37 0.92 1 2 c2 -1.27 0.66 1.43 0.15 I
37 C37 1.89 1.07 0.98 1 5 c5 -1.31 0.56 1.50 0.14 I
38 c38 2.01 1.10 0.95 I 8 €8 -1.40 1.03 1.51 0.26 I
39. C39 2.44 0.56 1.24 1 1 Cl -2.92 0.69 1.51 0.09 I
L 43 C43 2.68 0.97 1.05 1 33 C33 0.29 0.23 1.52 0.09 I
: 44 C4a4 3.23 1.17 0.85 1 40 C40 3.39 0.51 1.65 0.12 I
s 40 cC4a0 3.39 0.51 1.65 1 10 Clo -1.55 0.93 1.74 0.20 I

CORRELATION DIFF*DISC= -0.10 DIFF*MNSQ= -0.07 DISC*MNSQ= ~0.62
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- 1964 computation test calibration
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1964 éomputafion test calibration -

TOTAL FIT MEAN SQUARE (Y) VERSUS DIFFICULTY (X) .
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cofiputation test calibration . PAGE 11
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DISCRIMINATION

1964 computation test calibration
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APPENDIX D

CORRESPONDENCE '~
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THE UNIVERSITY OF BRITISH COLUMBIA
2075 WESBROOK MALL
VANCOUVER, B.C., CANADA
V6T 1W5

FACULTY OF EDUCATION

March 26, 1979..

" Mr. D. R. Sutherland,
Superintendent, .
School District No. 77,
Box 339,

Summerland, B. C.,
VOH 1ZO.

‘Dear Mr. Sutherland:

I am writing to enlist your support for an
important research project which Mr. Thomas 0O'Shea, my
research assistant, and I are conducting this spring.
The study is designed to obtain information concerning
the changes in achievement levels in Grade 7
mathematics from 1964 to the present.

In 1964 and 1970, the Ministry of Education
administered standardized achievement tests in
mathematics to Grade 7 students throughout the
province, and these data have been made available to
us. Preliminary analysis indicates that, although some
decline occurred, changes appear to be confined to
specific content areas within the curriculum. We
propose to administer these same tests to a sample of
present Grade 7 mathematics classes and to compare and
contrast the resultant achievement patterns. The
sample has been constructed in such a way as to
minimize the chances of a given class being asked to
participate in any Ministry-sponsored projects this
spring. The 1list of schools from your district whose
participation is requested is attached.

Administration of the tests requires two
forty-five minute class periods for each classroom
selected, preferably on consecutive days. Detailed
instructions, administrative directions, and test
materials will be mailed éirectiy to the principals of
the schools involved. We _hope to have the teachers
administer the tests in the week of April 23-27,
Strict® confidentiality with .respect to students,

schools, and districts will be observed. The study
will result 1in comparisons in performance across time
on a province-wide basis only. A summary of the

findings will be sent to you before the commencement of
the 1979-1980 school year.
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Permission is granted for Dr. David Robitaille
and Mr., Thomas 0'Shea of the Faculty of Education, University
of British Columbia, to contact the following schools with regard
to the administration of standardized tests in arithmetic to

Grade Seven students:

Superintendent ' Date

School District
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THE UNIVERSITY OF BRITISH COLUMBIA
2075 WESBROOK MALL
VANCOUVER, B.C., CANADA
V6T 1W5

FACULTY OF EDUCATION April 18, 1979.

Principal,

T. M. Roberts School,
10 Wattsville St.,
Cranbrook, B.C.,

V1C 2a2.

Dear Sir/Madam:

The superintendent of your district has given
me permission to contact vyou in order to enlist your
help in carrylng out an important research project which
Mr. Thomas O'Shea, a doctoral student at U. B. C., and I
are conducting this spring. The project, which has been
approved by our Behavioural Sciences Screening Committee
for Research Involving Human Subjects, is being
undertaken as a doctoral dissertation in the Department
of Mathematics Education at U. B. C. Financial support
has been provided through a grant from the Educational
Research Institute of British Columbia.

In 1964 and 1970, the Ministry of Education
administered standardized tests in mathematics to Grade
7 students throughout the province, and these data have
been made available to us. Preliminary analysis, using
a new statistical model, indicates that, although some
decline in performance occurred, changes appear to be
confined to specific content areas within the
mathematics curriculum, for example, operations on
common fractions. We propose to administer these same
tests to a sample of present Grade 7 mathematics classes
and to compare and contrast the resultant achievement
patterns. Your school has been selected as part of a
stratified random sample, based on geographic region and
school size, of over 60 schools in more than 30
districts throughout the province. The sample has been
constructed in such a way as to minimize the chance that
your school will be asked by the Mlnlstry of Education
to participate in any prOJects thls spring.

We believe that the results will Dbe of
interest to you and your teachers by helping to identify
continuing strengths or potential weaknesses within
the elementary mathematics curriculum. Strict
confidentiality with respect to students, schools, and
districts. will be observed. The study will result in
comparisons in performance across time on a province-
wide basis only. A summary of the findings will be. sent
to your district superintendent before the beglnnlng of
the 1979-80 school year.
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THE UNIVERSITY OF BRITISH COLUMBIA

2075 WESBROOK MALL
VANCOUVER, B.C., CANADA
V6T 1W5

FAGﬂEyOFEWKANON _ April 18, 1979.

To the Teacher/Test Administrator:

The district superintendent, and your
principal, have given us permission to ask for your
help in conducting an important research project in
British Columbia schools. A letter to your principal
contains information on the background and purpose of
the project. Briefly, the study is designed to yield
information concerning changes in Grade 7 mathematics
achievement from 1964 to the present. Claims of a

general decline in performance have not been
substantiated by our preliminary analysis of data from
1964 to 1970. However, some decline 1in specific

content areas within the mathematics curriculum seems
to be indicated. We hope to be able to identify
particular topics on which the performance of present-
day students is different from that of students in 1964
or 1970.

Your Grade 7 class has been selected as part
of a random sample of over 60 classes across the
province., The study is designed so that conclusions
can be drawn regarding the provincial Grade 7
population only. No comparisons are possible of
individuals, <classes, schools, or districts. Student
names and school district numbers are necessary for
clerical purposes only. Once the data have been
transferred from the test papers, no identifying codes
will be retained. The names of students are required
on the test papers only to ensure that the two parts of
the test which each student writes may be matched. If
you prefer to - use some other means of identifying
papers which will accomplish the same purpose, please
feel free to do so.

The tests to be administered are identical to
those used in the 1964 and 1970 testing programs. They
are the Arithmetic Reasoning and,Arithmetic Computation
tests from the Stanford Achievement Test. Specific
instructions regarding administration procedures  are
contained in the document Directions for Administration
which 1is enclosed. Please follow these closely since
they are based on the original directions for giving
the tests. The administration of each test requires
about one class period of 45 minutes. It would be
preferable to give the tests on two consecutive days,
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ARITHMETIC ACHIEVEHENT TESTS .

Directions for Administration

The teacher should become thoroughly familiar with all of
~the following directions before giving the tests.

General Directions

1« Before beginning each test, see that the desks are
cleared and that each pupil has an eraser and one or two
sharpened pencils, preferably with very soft leads. Pens should
not be used. A supply of extra pencils should be at hand.
Scratch paper should be provided.

v 2. A natural classroom situation should be retained as far
as 'possible. Provision should be made to ensure quiet aad
freedom from interruptions of any kind.

3. The teacher should take pains to ensure that the pupils
understand what they are to do in each test and how they are to
record their answers. This can be done best by reading the
directions verbatim and supplementing with explanations as
questions from the pupils indicate need. When doing this, the
teacher should not give help on specific test questions, but may
fully clarify the directions.

4. After a test has been started, the teacher should
circulate about the room to see that instructions are being
folloved. When they are not, clarify for the individual pupil
but do not disturb the entire class. '

S Adhere to the time limits. A watch with a second-hand
~should be used in order to guarantee uniformity of time.

6. Following is the scheduie for the arithmetic tests:
FIBRST SITTING

Distributing booklets, reading directions, etc. 5 min.’
Test 1: Arithmetic Reasoning aeee..... Work time 35 min.

Total R R FERNNNEIERNNERERNNENENENERXEENXREX XN EN] “0 Din.

SECOND SITTING

Distribhting booklets, reading directions, etc. 5 min.
Test 2: Arithmetic Computation ..... ¥ork time 35 min.

Total IR RR RSN REERENEE R R L NEEN XN ERE R X RS “0 --ﬂin.

If all pupils finish a test before the recommended time has
elapsed, time may be called.

7. . Under no conditions should a test be started unless
sufficient time is available to complete it. o



Specific pirections
To administer each test, say to the pupils:

"This is a test to show how much you have learned in
arithmetic. When you get your test booklet, do not write on
it or open it until I tell you to." (Be sure pupils do not
open booklets.)

Pass out the test booklets. Then say:

nNow look at the front page where it says 'Name'.
(Point to the proper place.) VWrite your first and last
names here. Be sure to write ©plainly. (Pause.) In the
second line, write your school district number, and the
name of your school. (Pause.) In the third line, write the
date. "

After ihe blanks have been filled im, continue:

"Now listen carefully. You must do your best, but I do
not expect you to be able to answver all the questions. Do
not start until I say *BEGIN' and when I say 'STOP' put
your pencil right down. If you break your pencil, hold up
your hand and I will give you another. After we have begun
you must not ask questions." (Continue with the directions
for the first test, given belovw.) :

pirst Sitting = Arithmetic Beasoming

®"How open your booklet, Arithmetic Reasoning. Fold the
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page back, 1like this, so that only the first page of

questions is showing." (Demonstrate.):

"Look at the top of the page, where it says
*Directions®’. (Hold up a booklet and point to the proper
place.) .

“They say: 'Work .an example, and then coapare your
ansver #ith the ansvwers which follow it. If your answer is
one of those given, mark the ansver space that has the sanme
letter as your answer. Sometimes the correct answer is not
given. If you do not find the correct ansver, mark the
space under the letter for 'not given'. Now ‘look - at the
samples.” (Hold up a booklet and point to the sample
exercises.) ' ,

¥ '

"The first sample says: 'How many are 3 balls and &

balls? 3 & 7 12 not given'. Which is the correct answer?”

(Wait for the class to amnswer.)

"Yes, the answer is '7'. The letter beside the '7' is
*c', so the answer space under the letter 'c* has been
filled in. Now study the second sample. What 1is the
ansver?® (Pause for reply.) -
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®Yes, ®'5' 1is the correct answer to this problem, but
it is not listed among the choices. Hence, the correct
answer for this example is the answer 'mot givea', so you
fill in the space under the letter *j*."

®"For each example on this page and on the next page,
decide wvwhich is the correct answer, and fill in the answver
space below the letter which represents the ansver you have
chosen. Use the scratch paper you were given to figure on."

“"Begin with Question No. 1 and answer as many
questions as you can. When you finish the first two pages,
go right on to Part Two, on the last page. When you finish
the 1last page, go back and check your answers. READY.
BEGIN!" (Record the starting time. Add twenty-five mwminutes
and ten minutes.) .

After twenty-five miputes, say:

#"If you have mot already started work on Part Two on
the last page, do so now." (Make sure the pupils do this.)
Then say: "Go on working.*® ‘ ‘

After an additional ten minutes - i.e., at the end of thirty-
five minutes - say: '

"STOP! Put your pencil down."

Collect the test booklets immediately. (The first sitting ends
here.)

Second sitting - Arithmetic Computation
Distribute the test booklets.

Have the pupils conplete the‘title page as in the first sitting
(see 'Specific Directions').

Continue with:

"Now opemn your booklet, Arithmetic Computation. Fold
the booklet back, like this, so that only the first page of
questions is showing. (See that all do this correctly.)

“Look at the top of the page, where it says
'‘Directions?'. (Hold up a booklet and point to the proper
place.)

"They say: *Hork each example. Then compare your
answver with the ansvers given at the right of the example.
If your amnswvwer is one of those given, mark the answver space
that has the same letter as your ansver. Sometimes the
correct ansver is not given. If the correct answer is not
given, w®mark the amswer space under the letter for *'not
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given', Look carefully at each example to see what it tells

you to do.. If you need to do amy flgurlng, use a separate
sheet of paper.'"

®"Now begin with Question ¥No. 1 and answer as many
gquestions on this page and the next two pages as you can.
When you finish the last page, go back and check your work.
Are there any questions about what you are to do? (Pause.)
READY. BEGIN!*®" (RBecord the starting time and add thircty-
five minutes.) :

After thirty-five minutes, say:

"STOP! Close your booklet and put your pencil down."

Collect the test booklets immediately. (The sec6énd sitting ends
here.)



