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An Investigation of the Feasibility of Applying Item
Response Thecry to Equate Achievement Tests

_ Linda L. Cook
Daniel R. Eignor
' i‘):iucationai Tesf;lng Service

Introduction

Most admissions testing programs develop and administer many different’
foFms (versions) of the same test. They typically do so in order tc ensure
equity to examinees whose scores on the different forms of the test may be’

compared. The reason miltiple forms of the same test are necessary, if
equity is EB‘Sé'bfévidéd for all examinees who take the test, becomes
apparent if one considers the following situation. Suppose that only a
single form of the Scholastic Aptitude Test (SAT) was administered at each
of the .many teést administrations that occur in a year. Examinees taking
the test at the end of the year would most surely have some prior knowledge
of the items on the test and would have a definite advantage over examinees
who took the test at the beginning of the year.

Because equity is a major concern of admissions testing programs,
different forms of a test administered by a program are constructéd to be
as similar in difficulty and content as possible so that a particular
version of the test. Unfbrtuné;éiy, in spite of efforts on the part of
those constructing the test form$, it is usually impossible to assemble
different éormé\of'the sameltest that are of exactly the same difficulty

level. Therefore it becomes necessary, if the testing program is to



" accomplish its goal of equity, to establish & process that renders scores
on the diffeérent test forms comparable. This process, which is referred to
as equating, provides a transformation of raw scores to scaled scores
(scores on an arbitrarily chosen common scale). Ideally, the end result of
the equating process is that an examinee would rcceive the same scaled
score regardless of which form of the test he/she was administered.

There exist many different data é611éétian designs and equating models
that can be used to establish a transformation of raw scores on & |
particular form of a test to scaled Séétes. Whether or not the equating
process is effective (the testing program's goal of equity is realized)
depends targely on how well the data égllectea fit the underlying
assumptions of the particular équating model as well as how robust the
specific modéi is to violations of these assumptions;

The purposé of this.study was to examine the feasibility of using item

achievement tests (Blology, American History and Social Studies, and
Mathematics Level II) that are administered by the College Board Admissions
Testing Program and one achievement test (Advanced Biology) that is part to
the Groduate Record Examinations Achievement Test battery. All of the
tasts investigated in this study are typically equated uéihg cbnvéntionéi
linear 6r curvilinear (équipércéhtile) methods. It was considered
important to iuvestigate the pogéibiiity of uging IRT to equate these tests
because, if the type of data collected from administrations of the tests
fit an IRT model, or if the particular IRT equating model is sufficiently

robust, a number of advantages accrue; these include:



l. An improved method for curvilinear equating. ﬁhen test forms that
differ considerably in level of difficulty are equated to each
other, the relationship between raw scores on the two forms is
typically curvilinear. Conventional linear equating methods cannot
réflect this curvilinear relationship.. On the other hand;
Cdnventiohai equiperCenfiie mefhcds, while fefiééfiﬁg the
curQiiinearity of the relationship; often lead to dﬁéiéBié equating
of extreme scores because of scarcity of data in the taiis of the
¢ ore distribution.

2. Easler re—equating should it be decided not to score an item after
equating methods require that thé shortened test be rescored. iﬁié
15 not necéssary when using IRT equating methods.

3. The poésibie reduction in scale drift‘which may occur when less
robust equating metliods are iised over time, ﬁost notably when the
test forms are not parallel and the equating samples differ in
level of ability.

4. The possibility of pre-equating, or deriving the relationship

IRT for pre-equating offers a unique contribution that 18
impossible to obtain using conventional equating methods.
As mentioned préviouéiy, in ordet for the above listed adVantagES of

IRT equating to accrue, the data collected for the equating mist meet the




underlying assumptions of the partfcular IRT model or the model must be
sufficiently robust to violations of these assumptions when used for
equating purposes: A fundamental assumption, underlying all IRT models; is
ability. Whether or not this assumption is met by achievement test data is
questionable: It is quite likely that tests that have heen constructed to

measure a variety of specific content areas (typically the case for

_-nventional méthods that have gained credibility through a long period of

use for equating these tests.

Overview of the Study

A problem related to evaluation of the results of ary equating method
concerns the choice of a criterion measure. Since it is impossible to
determine what the true equating should be, i.e. the true criterion against

Cook and Eignor. 1983, for a review.éf some of the more commonly used
criteria for equating studies). The criterion gsed in the present study
was scale drift. This criterion was used successfully in a study by
Petersen, Cook and Stocking (in press); which compared the résu'cs of using

IRT and conventional equating methods to equate the verbal and mathematical

b



sections of the SAT. Scale drift is said to have occurred if the results
of equating test form A directly to test form D is not the same as that
obtained by equating Eééi form A to test form D through intérvening forms B
and C. In order to evaluate scale drift for the four achlievemeiit tests
investigated in this study; a closed circular chain of equatings was formed

for each of the tests: Figure 1 contains a diagram of the four equating

chains. Upper case letter and number combinations indicate particular

achievement test forms and the abbreviation CI indicatés common items
linking adjacent achievement test forms. It is possible to use the
equating chains shown in Figure 1 to equate a test form to itself through a

ccurred; the

number of intérvening test forms. If no scale drift has’
initial (criterion) and final scaled scores for the forms should be
identical. Any discrepancy between initial and final scores for a test

N
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form is attributed to scale diiff resulting from application of thé \\;A
particular equating method: x
Scale drift was used as the criterion to compare theé results of three
conventional Iinear equating methods (Tucker; Levine Equally Reliable and
Levine Unequally Reliable), conventional equipercentile equating with an
anchor test, and two IRT equating methods. The two IRT methods are
referred to as (1) the coﬁéqrtént method and (2) the characteristic cutrve
transformation method. The results of the various equating methods were
compared both gréphiCéiiy and énaiyticaiiy. i
In addition to the evaluation of the equating results, an effort was

made to assess the goodness of fit of the individual achievement test items



ATP American History and Social Studies Test

AAC + CI » XAC » €I ~+ K-UAC2 ~» CI
t ' : +

CI <« YACI « CI «K=WAC <« CI <+ YAC2

ATP Math Level II Test
7 T <

cAc2 - €I - WAC =+ CI - *\A;\\c-; cI > VACL
+ ' ¥

€I +« BAC <« CI « 2ZAC <« CI <« XAC <« CI

ATP Biology Test

BAC » CI - UAC2 -~ CI » XAC - CI - TAC2 » CI

YAC « CI <« WAC « CI <« UACL + CI <« SAC2Z « €I « VACL

R _Advanced_hiology Test

SGR ~» CI -~ K2-UGRL - €I - WER =~ CI
i | e
CI « K-UGR2 + CI + XGR <« CI « 2GR /

Figure 1: ATP and GRE Achievemernt Test equating chains. Letters
arid letter-number combinations indicate achievement

test forms: The abbreviation CI is ased to indicate
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to the IRT model used for this study:- The goodness of fit assessment QQE\\\\I
carried out using a chi-square like statistic, referred to as Qi, in N
. conjunction with item ability regression plots. The statistic and the
N, ‘u
N

“.plots are described in the methodology section of this paper.
S Methodology

Descripiion ok the Tests

ke mentioned previousiy, three of the achievement tests used in this

study (Biology, Mathem

ics Level LI, and American History and Social
Studies) are administered by _the College Board Admissions Testing Program
(ATP). The fourth achievement %est is the Advanced Biology Test

Subject (Advanced) Tests are also mqitipié choice tests 'ﬁgf are designed
’ .

to help graduate school committees éna fellowship sponsors assess the
The GRE Program recommends that scores on Advanced Tests be used in
conjunction with other relevant information when making admissions or award
decisions.

The ATP Biology and American History and Social Studies Tésts are 60

minute tests that each contain 100 items. The ATP Bioiogy Test covers the




following topics: cellular ét%utture and function; organismal
reproduction, development, grOWth, nutrition, stricture, and function;
genetics; evolution; systematics; ecbiogy; and behavior; The test also
includes questions that require the interpretation of experimental data,
understanding of scientific methods and laboratory techniques; and \
knowledge of the history ofkbidiogy: Questions on the ATP American History
and Social Studies Test emphasize history from the nineteenth and twentieth

that are examined are political, éoéiéi; economic; diplomatic; «
{ntellectual, and cultural History. Political hiétof; receives thé most
attention; social and economic history somewhat less; intellectual and
cuttural history receives t?e least attention. The ATP Mathematics Level
11 test contains 50 items and is also administered in a 60 minute time
beriodf The test is COmpoééd of épproximateiy equai parts'of algebra,
geometry, trigonometry, functibné; and a miscellaneous category consisting
of such topics as sequences and limits, logic and proof; probability and
statisticé, and number theory;

over the past few years. Of the Eééi~féfﬁé that comprise the GRE Biology
equatiﬁé cﬁain used in this study; Form SGR contains 2001 items and was
administered with a 180 minute time limit. The other test forms each

4 -

contain 2101 items and were administéred with a 170 minute time limit. Thre

lGRE Biology Forms SGR and XGR each contain one item that was not scored
for score reporting purposes.

10 | |



items in all of the forms comprising the GRE Biology equating éhéié are
assigned to three non-overlapping subscores. The subscores for Form SGR
were used for experimental purposes only:. Subscores for the remaining
forms in the chain are édtﬁaiiy used er score répdrtihé. The §u5§core§
are referred to as: (1) Cellular and Subcellular Biology; (2) Organismal
Biology; and (3) Populatiod Biology. Each subscore covers a fairly wide
range of ‘content that can be classified under these general headings.

Raw scores on the ATP Achievement Tests are typically transformed.to
scaled 'scores on a 200 to B0O scale via linear squating methods. Linear

raw Sscores to a 200 to 996 Scaie; Raw scores oOn aii the tests used in this

study are obtaired scores that have been corrected for guessing: Raw

scores are computed by the formula R-(1/k) (W), where R is the number of

correct responses, W is the number of incorrect responses, and (k+l) is the
. ;\\

number of choices per item.

Data Collection

All equating methods have two components, a désign for data collection
and a statistical model for‘éhéiyzihg the data. An internal anchor test
design (Angoff, 1971) was used in this study for data collection. An
anchor test design requires administering one form of a!f:;t to one group
oé éxémiheeé, a second form to a second group of examinees, and a common
set of itéms (anchor teét) to both grdups; The anchor test may be included
within the total test (internal anchor) or it may be administered
separately (external anchor).
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Two samples (which varieéd in size from approximately 2,000 to
approkimatéiy 4;060 casés) were ranﬁoQiy ééiected for each test form used
in thic study. Whenever possible, samples for the experimental equatings
were selected from the same pbpuiations (test administrations) used when

I . . . o . ! o o I S o
contains descriptive information regarding the samples: The table includes
i S | -

raw-score summary statistics for the total test and anchor test as well as

dates of the test administrations from which the samples were selected.
\

equating method, each test form in a ch;in (see Figure 1) was equated to
the preceding form. For example, for the ATP American History and Social
Stadies chain, Form AAC was treated aé‘tﬁé_initiéi form of the test in the
chain. For each equating mathod used in the étudy, the raw toISCaie
transformation obtained from equating Form AAC to itself through the five
intervening forms was compared to the initial AAC scale. Any discrepancy
between the raw to Scale trénsfbrmatiba obtaincd from the circular chain of
N
equatings and the initial AAC scale was considered to be scale drift

attributable to the equa;ing method .

Conventional Equating Methods

The conventional curvilinear equating method used in this study was
equipercentile equating. Equipercentile equating is based on the principle

that scores on two. test forms given to the same group of examinees will be
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Table I
Raw Scofeé Summary Statistics for Equating Sémpies

o Admin. _ Total Test __ Anchor Test —— Aﬁchorii’éét/ri’otéi Test

Form Date N . mn ¥ 5D n X sD Correlation

o ATP Biology Test -
3BAC 12/79 3309 100  496.87  18.69 20  10.68  4.67 .87
UAC2 1/78 2699 100  S4:47  19.27 20  12.19  h.68 .88
UAC2 1776 3394 100  46.67  19.54 20 9.21  4.85 .87
YAC 1775 2042 100  46.88  19.84 20  .8.97  4.78 Y
XAC 3777 2314 100  45.11  13.77 20 9:43  4.86 .87
TAC2 1/78 2511 100  43.75  18.70 20 9.59  4.77 .86
TAC2 5/79 3032 100  47.59  19.88 20  10.64 . 4.56 .89
VACL 1/73 sipl 100  43.70  17.94 20  10:00 . 4:39 .87
Vaci 5/78 3253 100  48.38  18.77 20 §.88  4.40 .86
SAC2 11777 3344 100 %8.89  19.60 20  10.18  4.29 .85
SAC2 11777 3344, 100  48.83  19.60 20  10.98  4.64 .88
UACL 11/76 3732 100  5I:86  20.00 20  10.91  4.68 .90
UACl 1779 2259 100 47.06 19.05 27 Y4:02 6:03 .90
WAC 1774 2019 100  45.13  19.51 27  12.95  6.1& .91
WAC 13}75 5064 100  48:01  19:81 26  13.19  5.93 .91
YAC 12/76 2129 100  5i.89  °18.25 26  13:05  5.53 .90
AC 12/7¢ 2129 100  51:89 18,25 20  9.32 4.3l -85
ABAC 12/79 2309 100  49.87  18.69 20  9:67  4:37 .85

. GRE Biology Test S

SGR 12/70 3314 199  88.97  25.78 72 34:37 11.18 .94
R2ZUGRL 4775 2086 210  92:69  27.85 72  33.31 10.74 .92
K2-UGRL  6/76 5039 210  94.60  29:7& B9  33:.47 11.39 .84
WGR 10774 2153 210  97.05  28.96 69 34.57  10.84 .93
WOR 10/74 2153 210  97:05 28:96 47  21.08  7.69 .89
ZGR 12/77 5294 210 103.58  30.35 47  21.05  7.93 .89
ZGR 10778 1966 210 104.19  29.68 45  23.12  7.20 .88
XCGR 1/78 3320 209 101.07  27.06 45  22.73  6.85 .89
XCR 12/75 5351 208 101.81 -28.76 68  38.89 11.06 294
k-Uiz  10/74 2012 210  92.01  30.25 68  38.54 10.97 E
K-UGR2  10/74 501z 210  92.01  30.25 55  28.59  9.22 .92
SGR 12/70 3214 199  88:97  25.78 55  29.08  9.32 .93
8Raw scores are oiﬁtaine’ci scOres that hiave been corrected fci‘ni:' guessing.

13
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Raw Scoré® Summary Statistics for Equating Samplés

\

- 12 =

Table 1 (continued)

Anchor Test/Total Test

) Admin. , Total Test Anchor Test
Form Date N i X SL i X 3 Correlation
ATP Mathematics Level II Test
3CAC2 12780 2117 50 24,49 9.63 17 8.59  3.73 .90
WAC 1/74 2160 50 22.84 10.71 17 7.86 4.07 .92
WAC 4776 1917 50 éi;&? 11:14 15 7.27 4.17 .92
3AAC 12/78 2209 50 25.15 10.09 15 8.37 3.74 .91
3mnC 1780 2343 50 2456 10:42 15 7:69 3:59 .91
VACL 1773 %06 50 23.61  11.09 15 7.72  3.72 .92
VAC1 1/73 2406 50 23.61 ii.bé 19 9.96 4.59 .93
XAC 1/75 2045 50 23.75  10.57 19  10.03  4.67 .93
¥AC 1/76 2025 50 24,04 10.60 20 9.70 4.29 .93
Z4C 12777 2081 50 23.82 9.64 20 9.91 3.88 .91
ZAC 1779 2600 50 22,92 10.27 20 9.22 4.57 .93
3BAC 12/79 2278 50 25.35 9,23 20. 9.83 4.23 .92
3BAC 12/79 2278 50 25.35 9.23 17 8.73  3.40 .90
3cac2 12/80 2117 ¢ 50 24.49 9.63 17 8.63 3.58 .90
ATP Américan §i§f6fy énd gaéiéi gﬁﬁaiéé iééﬁ
3AAC 12/78 2102 100 40.30  16.60 20 9.06 4.16 .85
RAC 1775 2058 100 33:97  15.54 20 8.72  4.32 .86
XAC 4776 2182 100 33.45 15.48 20 ©6.89 3.73 .85
K-UAC2 5777 2554 100 37.69 17:67 20 7.31 3:93 .85
K-UAC2 5/77 2554 100 37.69 17.67 20 7.92 4.47 .88
Yac2 12776 2120 100 38.73 15.13 20 7.28 4.14 .84
YAC2 1779 2317 100 37:18  15:18 20 6:35  3.88 .83
K-WAC 12/75 2144 100 30.16 17.03 20 6.81 4,12 .86
K-WAC 5/79 2005 100 30.96 17:48 20 6.98 4:51 .87
Yicl 3/77° 2141 100 37.87 16.48 20 6.53 5,42 .86
Yacl 6/76 2055 100 46.00 18.01 20 8.00  4.55 .89
3AAC 6/80 2031 100 46.93  17.92 20 9.08  4.42 .87
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considered équiVéient if they correspond to the same percentile rank; i.e.

distributions on two forms of a test given to the same group of examinees.
équipérceﬁtiie equéting is generally ;éééﬁﬁiiéﬁed by setting equal scores
on two test forms that have the same percentile rank in some group of
examinees. Several differeqt methods of éidi;éféeﬁtiié equating exist for
application to anchor test equating designs (Angoff, 1971). The method
used in this study actually requires two separate équipetCéqtiié equatings
order to equate ATP Mathematics Level II scores on Form WAC to scoféé on
Form CAC2, scores on CAC2 were set &qual to Scores on the common éhéﬁé;
test that have the same percentile rank for the group of examinees who took
Form CAC2. .Thé procedure was repeated for Form WAC, using the frequency
distribution of scores for examinees who took Form WAC: Finally, scores on

Forms CAC2 and WAC that correspond to the same score on the common anchor
test (after the individual equipercentile equatings were accorplished) were
said to be equivalent:

When applying equipercentile methods, some practitibhéré choose to
smooth either the frequency distributions used in the equating or the
resalting curve obtained from the équating. Because there is some
controversy regarding when and how to smooth (e.g. see Angoff, 1971;

p. 571), the authors chose to avoid confounding the equipercentile equating
results with selection of a smoothing procedure. ‘Tﬁdé, no smoothing was

used at any point in thé process.

(2]
o
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The linear equating ﬁéaéisvdSéd'ih this study were the Tucker,; Levine
Equally Reliable, and Levine Uhéduaily Reliable models (Angoff; 1971):
Linear equating methods assume fhét the scoré distribitions on the two test
forms to be equated aifféf 6n1ybin their means and standard deviations. If
this assumption is satisfied, a lihéér transformation will bring the score
scales for the two forms into correspondéncé. However, if the
distributions differ in more than their first and second moments; a more
éompiék transformation (1.?. oné provided by curvilinear equating mthods
such as equipercentile or IRT) will be needed to provide adequate equating
of scores on the two test forms.

Linear equating methods all produce an eduétingvtransformétion of the
form T(x) = Ax + B, where T is the equating transformation, x is the test

Score to which it is appiied; and A and B are parameters estimated from the

data. The parameters A and B of the equating transformation are estimated

by means of an equation that expresses the relationship between raw scores

on two test forms in standard score terms:

1

(x:mx§/é}i = (y:rrry)/S—y , €9)

where x and y refer to the tést scores to be equated, and m and s refer to
the means and standard deviétions of the scores in some gf§d§ ?f ;kahinéés.
Methods using équation (1) differ in their identification éf\£hé means and
standard 4év1atioh§ to be estimated. Tﬁé;Tdékéf-én& Levine EQuéiiy
Reliable methods are Based on the ;é?iﬁétéa means and standard deviations

of observed scores whereas the EeGiHe_Unedualiy Reliable method is based on

16 '\




the estimated means and standard deviations of true scores. For all three
tinear models; scores on the anchor test (common items) were used to
. r .

estimate—performance of‘f&Q\COmﬁinéd group of examinees on both the old and
S 3 SN S o
néw forms of the test, thus simulating.by statistical methods the situation

in which the same group of éxaminees takes both forms of the test.
1 ' . . .

: -f , 1 )

N :/7 :

Ik{,Parametér,EStimétioh

O : : : ) S o

Item response theory assumes that there is a mathematical function

which relatés thé probability of a corregt response on an item to an
examinee's ability. (See Lord, 1980, for a detailed discussion.) Many
different mathematical modeis of this functional relationship are 5033151é.

The model chosen for this study was the three-parameter logistic model. In
this model, where 8 represents an examinee's ability, the probability of a

1+e

Il

where a,, Bi* and c; are three parameters describing the item. These
parameters have specific interpretations: 51 is the point on the.6 metric

3y
represents the item discrimination; and éi is the lower asymptote of fi(é)

is proportional to the slope of P, (@) at’ the point of inflection and

and represents a pseudo—guessing parameter.

ek |
LN



The item parameters and examinee abilities for this study were

estimated (caiibrated) using thé program LOGIST (Wingersky; Barton; and

maximum likelihood proéédutévﬁith special procedureélféf the treatment of

omitted items (see Lord, 1974).

. LOGIST produées as output éstimétes.df the a, b, and c for each item,

;;& 6 for éach examinee. The metric chosaﬁ arbitrarity for the 6 (and b)
, / ‘

éééié gé such that the distribution of estimates of 8 has mean zero and

§E<?dard deviation one. If two separate LOGIST runs are made for the same

items; bit différent groups of examinees; the resulting patamétéf estimates

will be on different scales. Thecrztically, there is a éimpie linear

relationship that transforms one scale to the other.

LRT EqUatigg

one of the basic underlying propertiés of IRT that makes it useful for
equating applications is the following. Lf the data being considered for
an estimate of an examinee's ability (8) that is independent of the items
(test form) that the examinee responds to. Hence, it does not matter if an

examinee takes an éasy or hard form of a test; his/her ability estimate

variation, once the parameter estimates obtained for the individual items

are placéd on the same scale. Further, if one is willing to use the

ability () metric for score reporting purposes; IRT eliminates the need

for equating different forms of a test; the only problem that requires

18
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consideration is the placement of item parameter éétimatés, derived from
indeﬁéndeﬁt calibrations; on the Saée scale.
" For a variety of reasons, established testing érograms (such as those
whose data were J?ed fér this étudy) éré oftenVUnabie to report sc0fes
uéing the © mé;rié. and instead ﬂnép continﬁe to.report scaied scores in a
traditional mannér, even though IRT has been used for equatiné purposes.
Fortunately, because any ability score can be mathematically reldted to an.
‘eétiméted true score, it is possible to use ability scores to estagi{?h the
relationship between (equate) estimated true scores on two forms of a‘teéi .
and subsequently transform Eﬁé-fééﬂifiﬁé equated true scores to ﬁfaditional
- The ﬁ?&ﬁéiﬁié aifféféhcé between the twn IRT equating métﬁbds used in

this study is derivéd from the manner in which the item péfémétéf estimates
were placed on the same scale prior to éstablishing thé rélationship
between estimated true §cotés on two forms nf a tést. AS mentioned
ptéviou§iys two IRT eQuéting methods were studied; (i) the,éOndurreqt

. méthod éhd (2) the characteristic curve transfdrmation'methsa: For the

concurrent method, each pair of .achievement test: forms (e.g: ATP Biology

This results in item parameters on a ééﬁﬁo@ scale for each ﬁaif of test
forms, represented by a box in Figare 2 (e.g., parameters for ATP Biclogy
Forms BAC and UAC2 é;é on the same scale). However, each separate box

shown in Figare 2 téprésents‘é unique Scéié'(é.g.,\pérémétérsifor ATP
Biology Form UAC2 which was ééiiﬁrétéd with Form éﬁéiéré‘hot on ths‘Same

scale as parameters for Form UAC2 calibrated with Form XAC).
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calibration runs. Each box represents a sample of approximately
4000 examinees (2000 examinees who took the new form of the test
~and 2000 examinees who took the old form of the test. ‘Dotted
‘lines and arrows indicate common test forms that were used to
place item parameter estimates from the separate calibration

3

runs on the same scale. . P
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The characteristic curve transformation method used the same
calibrations (LOGLST runs) that were used in the concurrent method.

However; all estimates of item parameters within a chain were placed on a

Siocﬁiﬁg and bord (1982). This prOCéduré, which uses the common items (in
this case; EéSi forms) between two separate calibration runs, is based on
the principle that, if estimates ﬁéfé étrdf free, the proper choice of
iinear parameters (for placing itém:ﬁérémétér'eétimates on the same scale)
would cause the true scorés on thé common items,froﬁ both calibrations to
coincide. ior eiampie, the first two LOGIST runs for the ATP Bidlogy;CHaih
'produééd parameter estimates for Forms BAC and UAC2 on one scale; and for

Forms UAC2 and XAC on a differeant scale. Application of the characteristic

UAC? from the two calibrations; that is then used to place parameters for

all items in the UBAC2/XAC calibration on the same scale as those in the

BAC/UAC2 calibration. The procedure is repeated, using the transformation
obtained from the relationship between the true scores on Form XAC to place
items from the XAC/TAC2 calibration on thé same scale as the first two

calibrations. The transformations were continued sequentially down each

within a chain. The dotted lines between the boxes in Figure 2 indicate




Oﬁéé_iiéﬁ parameter estimates on a common Scale for twd~fprms:of a test
were obtaimed, the relationship between estimated true scores on the two
test forms was established in the following manner. The expected value of
an examinee's 6bser6éd'éormﬁié score is defined as his or her true formula
score'. For thé true foymdié score, é, We have

[ (i, +1)

£ = ;E, k. Pi(e) "_k.: > . ‘ (3)
i=1 i i

where n i& the number of items in the test form and (kiil) is the number of
choices for item i. If we have two test forms measuring the samwe ability =
8, then true formula scores £ and n from the two tests are related by the

equations

(4)

Clearly, for a particular 6 corresponding true scores & and n have

identical meaning. They are said to be equated.
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In praéiice; true formula score eﬁuating is carried out by substituting -
estimatad parameters into equations (4): Paired values éf £ and n are then
computad for a series of arbitrary Gaidéé of 6: Since we cannot know an
examinee's true formula score, we act as if relationship (4) applies to an
examinee's observed formila score: :
on the Saﬁeiscaie for the two test forms that were calibrated togéther in
the same LOGIST run (recall, each LOGIST run is represented in Figure 2 by
a separate box). Therefore, the equating ptécedurea(éStéBiishihg the -
retationship between estimated true scores for two test forms) was applied
sequentially,; starting with the ijtems calibrated in the first LOGIST run
to qdhvert raw scores on each of the inifiai'feéf forms in the respective
chains to che appropriate scale (i.e: Céiiééé Board 200 to 800 or Graduate
Record Examinations 200 to 990 scale): As an .éic'é{ﬁble of the sequential
equating process, consider the ATP Biology test chain. Eqﬁivéiént true
formula scoré estimates were found for ATP Biology forms BAC and UAC2,
College Board scale: Form XAC was then equated to UAC2 resulting in a
table to transformations for raw scores on XAC to the College Board scale.
end product is a table of transformations of the raw scores on Form BAC to

the College Board 'scale.



For the characteristic curve transformation method; a sequential
equating proceduré i§ not necessary because all item parameter estimates

for the entire chain have been placed on the sare scale. Oﬁiilfﬁé equating

of estimated true formula scores on the first form in the chain (parameter

estimates obtained from the initial LOGIST run) to itself (parameter

estimates obtéinéd from the final LOGIST run) need be performed.

ASséssment of Scale Drift

The amiounits of scale drift attributable to the conventional and IRT
equating methods were compared both graphically and analytically. Two
.types of graphical comparisons were made. First, graphs of final and
initial (criterion) scaled score conversions were plotted for each equating
(finat minus criterion) ébrréspondihg to raw scores on each of the four
tests were plotted for each equating method. It should be noted that the
eduibétéentiié conversions do not extend over the entire raw score range
for any of the tests. Thiis is because it is only possible to obtain ~
equipércentile conversions for sc#fes that are actoally observed in the
equating samples. In prééiiéé,/éddiﬁéfééﬁtilé conversion curves usually
scores. Because ékiféﬁéiétigﬁ'ébuld possibly introduce an unknown Source
of error, no attempt to éxttépolate'the equipercentiié équating ;eéuits was
made for this study.

In addition to the gréphiCéi.compariéoné, a'discrepancy index was

computed for each comparison of final and criterion scaled scores. For

24
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example, for each raw Score, X on GRE Biology Form SGR, there is a
corresponding initial scaled score t and an estimated scaled score t'
deriQéd from one of the equating methods that was investigated. The
smaller the difference, d, between t and t'; the smaller the amount Of
scale drift and tﬁe more stable the equating Eéfﬁé&. A weighted'méén
square difference was used to summarize the difference between t and t'.
The weighted mean square difference or total error can be broken down into
fhé variance of the difference plus the squared bias, i.e.

£ £. d%/n = 1 f. (@,c)%/n + ic , or (5)
J J 3 y 3 i

(Total Error) (Variance of Difference) +. (Squared Bias)

where d, = (tJ - tjf), tJ is the estimated scaled score for raw score x., t.
'is the initial of critérion scaled score for kj; fj is the frequency of kj;

; fj; d=: fjdj/n; éﬁé the summation is over that range of x for which
extrapolation of the équ%percentiie eqqéfiﬁg is unnecessary.

Wi

ﬁ

[SSTen

Summary §gati§tics and discrepancy indices for each equating method
applied to each equating chain were computed. The score frequenrcies used
to compiuté the summary statistics and discrepancy indicés were those for
the total group taking the initial form of the test in éééh chain when the
test was first administered.

Finally, in order to judge the importance of tﬁe results for the linear
models, standard errors of thé raw Score—-to-raw score equatings were

computed for each of the equating chains. The computations were carried

25
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the curvilinear equating methods (equipercentile and IRT) were not obtained
because no method presently exists for determining the standard error of a
chain of non-linear equatings: The standatd errors were used to plot
confidence intervals of plus and minus two standard errors around the final
" conversion lines for each of the linear equating nethods appiiea to the

réspective equating chains.

Assessment of Goodness of Fit

Reséarchers oftén attempt to éééééghthé fit of an item response theory
mddel to real data uéing a chi:§QUéte test or other similar appréachesl
(ﬁright ?nd Panchapakeéén, 1969; Wright and Stone, 1979). The probiems
ééébciégéd with this approach have been discussed extensively in the
\1it§rature (Gustafsson, 1980; Divgi, 1981; Rentz and Rentz, 1978; McKinley
and Reckase, 1980). These problems have both theoretical and practical
implications: From a theoretical point of view a problem exists in that
chi-square tests require expected values that are available only when the
parameters of the model (ek, éi; bi and éi; ih thz case of the
these parameters. These estimates are likely to behave différently from
the knoWwn or trué parameters in 3 ététisggg;i test. The practical problems
are related to the interpretation of the chi-square values and their
associated probability levels. One alternative to the various chi-$quare’
tests is the use of a graphiéai technique which involves the comparison 6%
the regression of the observed proportion of people getting an item éof?eét

Do
(oo}
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on estimated 6 (empirical féé?éééiaﬁ) with Eﬁé'iiéh response fuaction based
oh the estimated item parameters (estimated regression) (Hambleton, 1980).
The resulting plots are refef;ed to as item abiiity regressions.

The problem with using iiém ability regression plots to assess goodness
of fit is that the process is féif£§ subjective. The authors found it
quite difficui£ to examine thousands of graphs (one for each item
calibrated for the study) and ﬁékélébﬁéiéténi judgements regarding the
goodness of fit of each item: For this reason, it was decided to use a fit
statistic leading to a chi-square like test in conjunction with the item
ability regression plots. It should be emphasized that the statistic was
used only to aid in the interpretation of the plots. No specific meaning

obtained from thé application of the statistic: The fit statistic and the

item ability regression plots will each be described briefiy in the

remainder of this section.

The Fit Statistic
The fit .statistic; referred to as Qi; is based on a statistic. Q-

v : } 7
suggested by Yen (1981).. The two statistics are very similar, the basic
upon their ability estimates. For both statistics, the initial step is to
cells with éﬁpfoXiméfeiy equal numbers of examinees in each cell. For Qi;
examinees are divided into 17 cells, as follows. Examinees are placed into

15 equally spaced intervals for 6 between +3 and -3. Those examinees with
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examinees, it is collapsed with the adjacent cell closest to 0 = 0. The
only remaining difference between the two statistics is that for Q{, the
observed proportion of éiéﬁiﬁééé in a particular cell is adjusted for
examinees omitting the item. Using Yen's notation, the value of the fit
statistic for item i is

‘17 N;(0;: - E;;)z
Q- = 3 ij - -—dij3° (6)
1w~ TR A )
ij ij

where,
N, is the number of examinees in cell j, Oij is the observed proportion

of examinees in cell j that passes item i (adjusted for omits) and, Eij

is the predicted proportion of examinees im cell j that passes item i,

N,
1 3 o~ A
i3 "W, L E P, (8y) (7)
j kej .

where ?i(ék) is the item response function (equation 2) for item i. It

should be noted that the éummation is over examinees in cell j. The

28
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the number of item parameters estimated from these data points. The number

of estimated item parameters i3 not three in all cases. In some instances
the value of the item discrimination ﬁarémeter (a,) was set to the upper
B i

S o . .- 2 T
bound for the a values. In other instances the value of the

) Ll : .3 i
psuedo-guessing parameter (Ci) was set to a common value. Fit statistics
were determined using Q) for each of the achievement test items used din

this study:

Item Ability Regression Plots

The item ability regression plots were obtairned as follows: The
ability scale (8) is subdivided into 15 egually spaced intervals féi}é
range of =3 to +3. For each interval, equation (8) is used to compute Pij’

the proportion of people in interval j responding correctly to item i ~~

(édjuéted for omits). That is,

P, =i Al | uhere (8)

-+
N. is the number ofrexamlnees in the jth interval respo:r.ding

J correctly to item i, héj:’
Ngj is the number of examinees in t ’jth interval that omitted item
i,

k is the number of alternatives per item,

Nij is the number of examinees in interval j that reached item i.

2Upper and lower . bounds were set for all item discrimination parameters to
prevent the estimates from becoming unreasonably large or small:

Y T B T T T T U T T T e,

certain item; due to insufficient information at lower abrlity levels, it

uses an estimate of c obtained by combining all such items.

28
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For each item, 15 P's are plotted as squares whose areas are
proportional to Nij (these values constitute the empirical item abil;zzgﬁi
regression). Also plotted with each square is a line of length & PQ/Ni.,
where P and Q are computed from the estimated item respanSe'function; The:
resuiting ‘15 lines are centered on thée estimated item response function
which also appears on the plot. It should be noted that although the tine
_is a rough estimate of the .95 cOnfidénCe interval around Eﬁé item response
fuhétidn, it is not being uced as a statistical test for several reasons:
(1) the use of the inappropriate symmetric normal approximation to the
binomial confidence interval arouhd the response function (particuiariy.é
problem for extreme values 6f'P); (2) the use of an interval based on
estimated item parameters; and (3) the use of 2 as a coefficient instead of
1.96. Item ability regression plots were obtainedﬂéof_ééch of the

achievement test items used in this study.”

Results
The initial (étitetidn) and final réw\SCore to scaled score
\
transformations for the first form in each achievement test equating chain

(i.e., ATP Biology Form 3BAC, American History and Social Studies Form
3AAC, Mathematics Level 1I Form 3CAC2 and GRE Bioclogy Form SGR) should be
identical for all equating procedures. Departures resulting in scale drift
may be due to sampling error and/or model fit problems.

The initial and final transformations resulting from the application of
each equating method to cach achievement test chain are givén in Tables l-4

of the Appendix. 4Also given in Tables 1-4 are the raw score freduencies

30



for the totai group who took the first form of the test in each equating
chain when it was introduced as a new test form: The information contained
in Tables 1-4 is also presented graphically in Figures 1-4 of the Appendix.
presented in Tables 1-4 and Figures, 1-4 of the Appendix) are informative,
they tend to- emphasize the simiiéritiés between the equatings rather than
the differences. Tables and plots comparing equating residuals {such as
Tables 5-8 of the Appendix and Figures 3-6 of the paper) allows finer
&iStinctibné to be made among the various equating methods applied to the
respective achievement test chains.

Examination of Table 5 of the Appendix and Figure 3 of the paper, which

summarize the equating residuals for the ATP Biology Test chain, indicates

(criterion) scale values for the upper efid of the score scale and to
underestimate initial scale values for the lower end. -Although the trends
for the two Levine methods were similar, the Levine Equally Reliable method
tended to prcduce gréater discrepancies between the criterion apd final
conversions than the Levine Unequally Reliable Method. The Tucker linear
métbod tended to overestimate the éEiEéEiéﬁ sc6;és for the entire range of
raw scorés. However, ﬁhé discrepancies were generally less than those
produced by either of the Levine methods. Of the three curvilinear methods
(the two IRT methods aud the equipercentile méthod);‘the equipercentile
method produced the most diScréﬁént scores. As expected, the greatest

discrepancies for the equipercentile method occurred at the extremes of the
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score scale. In general, the equipercerntile method had a tendency to

The results for the two IRT methods were very similar; both had a tendency
to ovérestimate criterion scores at the lower to middle range of the score
scale and to underestimate scores at the ﬁﬁﬁef end.

Equating residuals for the GRE Biology test are presented in Table 6 of
tiie Appendix and Figure 4 of the paper. Examination qf the résid;ais
indicates that all of the linear methods had a tendency to underestimate
the criterion scores: Both of the Levine methods tended to underestimate
scores in the lower portion of the score scale more than those in the upper
There is a éligﬁt tendency for the Levidie Unequally Reliable method to

overestimate scores in the very upper end of the score distribution. The
three cufvilinéér methods also had ; gEnergiiﬁéE&éﬁéy to underestimate the
criterion scores with the exception that the two IRT methods ﬁrbducéa very
slight overestimates of the criterion scores for a small'ranée of scores in
the upper end of the score scale:

A sSummary of the ATP Matheaatics Level II equating residuals is
presented in Table 7 of the Appendix and Figure 5 of the paper. it can be
Seen, frqm examination of this information, that the iiﬁéér methods all
underestimated the criterion scores in the upper end of.the score scale aﬁd
linear methods, the Tucker method résulted in the greatest discrepancies

for sccres in the upper and lower énds of the score scale. Similar to the
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linear methods, the three curvilinear methods tended to oveérestimate lower
criterion scores and uhdéréétimaté critérion scorés in the upper end of the
scoré scale.

The American History and Social Studies Test equating residuals are
presented in Table 8 of the Appendix and Figure 6 of the paper.
Examination of the residuals for the linear equating methods indicates that
all the methods overestimated lower criterion scores and underestimated
higher criterion scores. It appears that; of the linear methods; the

to overestimate lower criterion scores and underestimate criterion scores
in the upper end of the score scale. The IRT characteristic curve
tréﬁéfbrmétibn methda‘pveré3£imatéd‘critérion éto;éérin thé low éqd of the
score 'scale but éﬁbwéd‘f§markabié égtééméﬁt with Criférion scores in the
middle to upper end of the score scale. The equipercentile equating method
héd a téndéncy to overestimate criterion scores in the Upperland lower ends
of the score scale and underestimate criterion scores corrégpondiné to raw
scores that ranged from approximately 40 to 70:

The preceeding observations can be expanded upon through the
examination of the summary statistics and discrepancy indices -contained in
Table 2 of the paper. The indices presented in this table have been
described previously in the methodology section. Examination of the data
for the ATP Biology Test indicates that the largest total érr?r resulted

from application of,thé éﬁhipércéntiié équéting method and thé\Smaiiest
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\_ Table 2

Sumary and D screpancy Indices for Equating Méthods
Used in theyii?levement Test Scale Drift Study

- o\ Linear Bquating ~ " Gurvilinear Equating
Tnitial , e
Seate _IRT Fquating

indéxa

(Criterion)  Tucker
~ EgiReli  Uneq: Rel. ~ Corrent  Tramsf,

‘ATP\Biéld”"
A2 Hology

Scaled écofei

| Mean
Standard Dev.

Total Errorb

Bias

.17 SIl2 L3 Sia62 5663 53l 513,54
100,63 100182 108:20  104.79 104,47 96.85  96.56
Wk 856 19.4 186,56 060 2250

5.96 L7 1,45 S46 L3 LY

.. of Difference 9 S 46 LW L Gd

 GRE Biology

écéiéd écore:

Mean

Standard Dev;

Total Errorb

Bias

60.63 610,86 62L10 62030 60,05 62128 62L.45

o8:88 42 TS0 ULE0 - 79.69 7L

939 -85 -3 058 B3 -G8

5.0 of Difference R I S

Ccmputed for ATP onlogy raw scores / through 89 (N—9080) and for GRE Blology raw scores 23 tbrough 158

(N*3192)

]:KC I'Otal Error =

of

Ve -
g |

(Sb of biffe‘rence)2 + (Bias)z; o 3L

levine  Levine  BHuifile  Con- Char. Curve.

10086 10801 LS 1270 10668 112,90 1304 -
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Table 2 (cont.)

Summary and Discrepancy Indices for Equating Methods
Used 1n the Achievenent Test Scale Drift Study

Linéar Equating . Curvilinear Equating

- el IRY Bquating
- Tndex (Critenon) Tuckér Léviné__ .Leving ) Eq’uiiiie ) an—_ Ch_ar; Cur've"
. Eq, Rel.  Uned, Rel. | Cu'rrilzt __ ?ransf. B
AP Yisthematics Level 11 ~
Scaled Score:
M 65013 64893 6SA2 64S.24 @ 6T AL
. _ Standard Dev. 82.9 828 8030 80l 7818 8016 80.05
 motal e’ TRCNFSURERE & ST B U R
Has L dd B s 4w an !
5.0, of Différence L6 L6k 2,83 61 29 3
ATP American History o
Scaled Score: |
Mean 4009 W01 LB WL 418 WTL2S 4TLOB
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fotal Beror” | 535 02 1506 5946 8.89  3.63
bas R N R S R B
8D, of Difference 5,82 7.03 35 15 L | 1,88

Computed for AT? Mathenatics Level I rai scores =2 through 49 (N-ié7&4) and 4TP American Hlstory
scores =9 tnrough 88 (N<18963). | 53

| bTot:al Error = = (8D of I?;.fferem:e)2

+ (BiéS)z. ’ “-3



!

- 49 -

from the Levine Unequally Reliable method. Of the two IRT methods, the

concurrent method resulted in slightly less total error than the

overestimate the criterion mean. All of the conventional méthods also over-
estimated the criterion standard deviation. In contrast, the two IRT
methods both underestimated the criterion standard deviation. The Levine

Eduaiiy Reliable method gave the best estimate of the:c;iterion mean and

the worst estimate gf the criterion standard deviation. The best estimate
of thé criterion standard deviation and the worst estimate of the criterion
méan was given by the Tucker method. Bias accounted for over 90 percent of
the total error for the Tucker method. I ééﬁffééE; it accounted for less
than 30 pércent of the total error for the remaining methods. The methods
that produced the most generalily acceptable equating results were the
Levine Unequally Reiiable and the two IRT methods.

Inspection of the data for the GRE Biology Test présented in Table 2
iﬁaicﬁﬁé; that the equating method resulting in the ia;geSt total error was
the equipercentile method and that résulting in thé smallest total error
was the Levine Equally Reliable method. All bf.the methods underestimated
the criterion mean. The two Levine methods and the two IRT methods over-
estimated the criterion standard deviation, whereas the Tuckéf and

equipércentile methods underestimated the criterion standard deviation.

" Fotr all of the methods, with the exception of the equipercentile method, at

least 85 percent of the ‘total error can be attributed to bias. Bias
] :

contributed to approximately 50 percent of the total error for the
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equipercentile method. The most acceptable equating results were provided

By the 5évine and IRT methods, which all behaved very similarly.

It can be seen, from the data ﬁreééntéd in Table 2 fqr the ATP
costilted in the smallest total error wheréas the equipercentile equating
method resulted in che largest total. érror. All six equating methods
underestimated the criterion mean and standard deviation. The worst
estimate of the criterion mean was given by the Levine Unequally Reliable
method and the best by thé Tucker method. The Levine and IRT methods
produced the best estimates of the criterion standard deviation. For both
the eqﬁiﬁerbentiié and Tucker methods, less than 20 percent of the total
error can be attributed to bias. Bias contributed at least 75 percent to
tie total error for the two Levine methods and approximately 60 percent to
very similar and, overall, the most acceptable.

The data for the ATP American History and Social Studies Test presented
ifi Table 2 shows that the smallest total error rééuited fféﬁ:éﬁﬁliCation&of
the IRT characteristic curve transformation method,; and the largest total
error frow application of the equipercentile method. All methods
underestimazr~d the criterion éténdard.deviatioﬁ and, with the exception of
the Tucker linear method, oVérgstimated'Eﬁé criterion mean slightly. The
tucker method prodiced the best estimate of the critérion fean aad the
equipercentile method the worst; however, it should be noted that all

methods produced very similar results. The two IRT méthods gave the best
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estimates of the criterion standard deviation and the Levine Equally
Reliable method the worst. Bias accounted for less than i0 percent of the
total error for all of the methods. Overall, the two IRT methods resulted

Table é; piots (in raw score unitS) were obtained of the final and
critérion convérsion 1inés for éach lifear cquating method applied to the
réépéctiVe eQuétihg chains. For each piOt, a confidence interval of piué
and minus two standard errors (the method used to compute the standard
errors is described in the methodology cection) was drawn around the final
conversion line. The plots are presented in Figures 7-10 of the paper. It
is apparent, from examination of the plots, that no linear method applied
to any equating chain resuilted in converted scores that can be considered
significantly different from the criterion scores:

Finally, although decisions regarding the feasibility of using IRT to
be based on assessments of scale drift, it was cthought useful to attempt to
evaluate the goodness of fit of the individual achievement test items to
the thrée patametér logistic model. Thé méthod of assessmént was basically
judgemental and‘empioyea both the éi statistic and the item ability
regression piots described in the metho&oiogy section. The results of the
goodness of fit assessment are presented in Table 3 of the paper.
Examination of the data presented in Table 3 indicates that the average

percentage of moderately poor to poorly fitting items range: ~-om . ‘ow of
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‘. Table 3
Numbers and Percentages of Items in Achievement Test Forms Judged as Having
_ Moderately Poor to Poor Fit to the Three Parameter Logistic Model
Using the Qi Fic Statistic in Conjunction with Item Ability Regression Plots

Form Toral Number  Moderately Poor to Poorly Fitting irems'  Poorly Fitting Items
orm = L p—y— ey e ra
o _of Items Number Percentage Number Percentage
ATP Biology Test -
3BAC 100 9 9 3 3
vAC? 100 18 i8 8 8
%AC ‘ 106 ' 15 15 6 6
TAC2 100 22 22 ' 19 15
VAC1 100 8 8 5 5
SAC2 100 19 19 14 14
UACI 100 10 i0 5 5
WAC 100 11 -1z 8 8
YAC 100 ] 9 3 3
- — —_— —, — .
_ Total 900 121 13.4 71 1.9
GRE Biology Test )
SGR 199 20 i0 14 7
K2-UGR1 210 i9 g 8 4
WCR 210 20 - 10 4 2
ZGR 210 / A 15 7 8 4
XGR 209, : 19 9 10 5
K-UGR2 210 24 1z 12 6
Total 1248 117 5.4% 56 4:5°
_ ATP Mathematics Level II Test
3CAC2 50 6 12 4 8
WAC 50 . 6 12 3 6
JAAC \ 50 7 A 5 10
VAC1 . 50 8 1€ 5 10
XAC 50 & “ 2 4
ZAC 50 ] 14 ° 4
3BAC N 50 3 6 L 2
_ _ e - —5 — —-——,2
Total 350 51 11.7 o 2 6.3
ATP American Histo:, and Social Stidies Test
3AAC 100 9 9 5 5
XAC 100 12 1 7 7
. UAC2 100 : o 16 8 8.
YAC2 100 ot 0 5 5
K-WAC 100 i 1 3 3
YAC1 100 0 5 5
o ,;i,‘oéal, v 600 €s W - 33 5;52
lihis category conraing '-oth those iteis Jud, ; t6 E= zuerly Sfteing cnd those judged to
Q have moderately poor fir.
ERIC 2ie tstal musbar of modesitely post & poorly fitticg ifews ox the total numbet of poorly

el SO 5 Pt B oIS TR S boms 4n
. 7 fitting items di{.\rided by the total nurver of items in the tasc forms evaluated. _
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Biology equating chain: The average percentage of poorly fitting items

7.9 for the ATP Biology chain. Given the narrow range of these average
percentages, it would appear that no single equating chain can be singled
out as having considerably better or poorer fitting items than any other
chain.

Discus&ion

Conventional Equating Methods

As mentioned in the previous section; no linear equating method ap;, ii:.
to any of the four achievement test eqqating chains produced scaled scores
that can be considered seriously discrepant from the criterion scores:
Howe?er; there are some differences among the resuits of the methods that

are worth noting: The two Levine methods produced very similar estimates

of the respective criterion means for the different equating chains;

however; the estimates of the criterion standard deviations produced by
these methods varied somewhat, particularly for the ATP Biology test and
Eﬁé ATP American History and Social Studies test. For both of these tests,
the Levine Unequally Reliable model produced the better estimates of the
criterion standard deviation. There is a fundamental difference between
tha two @éviné models that has stroﬁg implications for their differential

applicability to specific equating situations; i.e.,; the Levine Equally

Reliable model is based on estimated means and standard deviations of

observed scores whereas the Levine Unequally Reliabie model is based on



that in ordér to accirately equate two tests; i.e., produce scores on two
tests such that it is a matter of indifference to examinees which test Eﬁéi
take, the tests must be strictly parallel and perfectly reliable.
Certainly, all of the tests used in this study depart somewhaf from these

however, that the two Levine methods performed very similarly when applied
to the GRE Biology chain, the only chain containing test forms of different
length and thérééoré; most "téiy, tests of différihg reliability. Oﬁe
possible explanation ié tha. the GRE Biology test forms are so long

efféct on the differences in test reliability. The Tucker method produced
thie best results of the thfee linear methods when applied to the ATP
Mathematics Level II chain and the worst results of the three linear
methods when appiied to the GRE Bi6i6é§ chain: It produced better results
than the Levine Equally Reliabie ﬁéfﬁéd when applied to the ATé Biology
chain and the ATP American History and Social Studies chain. Thé fact that
the Tucker method performed reasonably well across all Gf the chains is
worthy of further comment. Implicit to the détivétion of the Tucker model
is the assumption of random groups (Angbff, 1971, Levine, 1955);~ Since the

samples for the test forms to bé équatéd were not random samples from the
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same administrations; and in some cases differed considerably in ability
tevel (see T&Bié»i of the paper), it is quite surprising that the Tucker
-method gave such ééﬁiéfaétéfy results: Indeed; the fact that all of the
significantly different from the criterion scores is quite surprising given
that thare is evidence of departures in parallelism between pairs of test
forms that were équated inm all of the equating chains (see Table 1). The
lack of parallelism betwen test forms to be equated has particular
implications for linear methods which require, in order td adequately
describe the relationship between scoreswon two forms of a test, that the
distribution of the scores differ only in their means and standard
deviations: Lack of parallelism between two test forms generally results
in a curvilinear relationship between raw scores, ﬁécé%}itaEiﬂg a
curvitinear equating method to produce accurate results. It must be

this study are sufficiently robust both to departures in form to form
parallelism and to differer-2s in group ability of the degree exhibited by
the four achievément test =quating chains used for this study.

The equipercentilée equating method produced the largest total error of
all thé equating methods applied to all the equating chains. A general
to scarcity of data in the extremes of the score distribution. The lack of
stability of the equipercentile conversions provided faf scores in the

extremes of the score scale is quite apparent from inspection of the plots

TR
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given in Figures 3-6 of the paper. It should be noted that, for almost all
the chaihs; the size of the total error for the Equipercentiie method can
be attributed in large part to the standard deviation of the Zifference .
between the estimated and criterion scaled scores. 1In all cases; smoothing
of the equipercentile conve-sions would have most likely produced a
standard deviation of the difference more similar to that obtained for the

tinear models.

Item Responsz Theory Methods

The IRT concurrent and characteristic curve transformation methods gave
very similar results when applied to the respective equating chains. On
the one hand it could be concluded that this is r- éurpriéihg, givgn that
both methods used the same calibration (LOGIST) runs and that the number of
common iteéms used to li.k the separate calibration runs for the
characteristic curve transformation method was quite large, ranging from 50
items for :he ATP Mathematics Level II chain to 210 items for most of the
forms in -ne CRE Biology chain. On the other hand, the two methods éi§i6§
fundamericzlly differert processes (as described in the methodolcry section)
to arriv. .t the final converted scores that were compsved o the criterion
scores: Considering the basic proceduwral alfferences 5etwé¢h the two

+ods,; it iz quite surprising thar they ﬁfoaﬁcéé results which were in
wi. . clnse agreement when appliled to 211 tﬁg equating chains. The results
ohtaired for the IRT metiods employed ir ehis study can be compAréd to
thosi obtiinéd in a §imilat study conducted By Furersen; Cook; and Stbcking

(in prezc). Petersen, et al.., uséd scale drifit as the criterion to compare



the apptication of several ééuatiﬁg methods; including the IRT c~ncurrent
and IRT characteristic curve transformation methods, to the verbal and.
mathematical sections of the Scholastic Aptitude Test (SAT). The two IRT
methods did not perform similarly when applied to either the verbal or
mathematical aptitude test data. In both cases, the IRT concurrent method
produced moTe acceptable equating tesults. The nuab’er of linking items
used for the characteristic ;Urvé transformation méthod appiied to the SAT
lata was considérably less tﬁ%h ;Ee ntmber employed for all of the equating
chains used in the present étudy; Thus a plausible explanation for the
_close agreement between the two methods, as applied to the respective
achieverment test egquating chains, might be Eﬁéfiﬁféé number of common items
uséd to link parameter estimafeé‘fféﬁ the ééﬁ%%éfé LOGIST runs.

The most notable observation that Eéﬁ Bevééde regarding the two IRT
mefhﬁds'eﬁpiovéa in this study is that they %oth‘brbducéd very éccéptébié
equating results for all of the tests that were investigated. Eithar the

i .
IRT methods used in this study are robust’ to violations of the assumption

!

of unidimensionality or the parcicuiar a%ﬁiévhmént tests studied are more
ﬁnid;mehsiohai than a review of the muitipie content areas they are
ﬁurp;rted to measure would lead one to believe. Most likely both of these
factors are contributing to the equating results. Since it s highly
irilikély that any test of aptitude or achlevement is truly unidimensional
and since IRT methods have been uszd successfully to equate a variety of

- different types of tests (see Cock and rignor, 1983; for a comprehensive

review of IRT equating studies), it Seems reasonable to assume that IRT

70U
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equating méthods are somewhat robust to vioiations of the assumption of
unidimensionality.
On thé other hand, one of the iequitéménts uhdérlying all of the

equating models used in this study, if Lord's (1980) equity requirement is

to be met (see page 36), is thut the two tests to be equated are
unidimensional (Morris, 1982). Jecause [T equating models assome
unidimensionality on the icem '<veil whi-reas the linear and equipercentils
models used for this study caly assune dﬁi&iﬁéﬁéibﬁélif§ at the tes: score
level, one might expect violariors of this assumption to have a more
serious effect on.the IRT equatinz rosults. -Howev~y, unidimensionality 18
a necensary condition for the establishment of a éiﬂgié summon metric
regardless of the equating modei. Given the éppiicétion of the linear
equating methods did not prcduce converted Scores that could be considered
significantly different from the criterion scores; it is probably
reasonablé to assume that alli of tie achievement tests investigated in this
stucy are approximately unidimensional, at least on the total score level.

The goodness of fit assessment was conducted in the hope that if
application of the IRT methods to a particaiar achievement test equa: ing
chain produced seriously discrepant results, the results might be explained
by lack of fit of the items for the particular test tofthé three~parameter
logistic model. As mentioned previously, all of the tests contained a
certain percentage of items which were judged to fit the model poorly.
Apparently the eqﬁatinglprocéss is robust, to a certain extent, to -he lack
of fit of individual items, at least to the extent of the lack of fit

observed for these data.
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ComPériéon of IRT and Conventional Methods

For all aguating chains, the IRT methods produced less total error than
eithér thé Tucketr or Equipércéntilé equating methods. For the ATP
Mathematics Level II chain and the ATP American History and Social Studies
chain, the IRT methods resulted in less total error that anv of the other

equating methods emplbyed. For the AT?vBioiogy Jéin, the iéyigé;ﬁneqdiiiy

Reliable method produced a slightly smaiiEEA;btéi'é??ir than either of the
IRT methods. Finaily; for the GRE Biology chain, both of the Levine
methods resulted in slightly less total error than either of the IRT
methods: ‘

that all methods, with the exception of the equipercentile method. provided
fairly similar and reasonable equating fgsﬁlté is comforting in that it
?réVidés evidence of the viabilit§ of thé\éanéntiohél linear methods that
have been used historically to equate the tests. The comparisons also
indicate that T methods provide a rearonable alternative to the
conveéntional méthods, should thers be a particular need to use them. For
exar ‘e, if the specifications for one of the tests were revised
sufficiently such that it was articipated that the relationship between a
new form of the test and the form it was equated to might be curvilinear,

it appears as though either IRT method employed in this stuily would provide

\1 |
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Conclusioris

The results of this study }ndicate that it is feasible to use item
réséonéé theory to equate the four achievement tests selected for
investigation. The results also indicate that the conventional linear
~2thicis typically used to equate the tests perform quite adequately. The
robust to violations of the assumption of unidimensionality; or whether
achievement tests; of tie type used in this study; give rise to
sufficitently unidimensirnal da’-., must be resolved before the rosults of
the study can be gencialized to other achlevement testing situations. Of
fundamental importance is the development of a metﬁbdoiogy that can be used
t+ determine -he number of UDdériying dimensions measured by a set of test
items (see Cook, Dorans, Eignor and Petersen, 1983, for a‘deséfipEiéﬁ of an
inicial attempt at est:iblishing a methodology). Tf the number of
dimensions included by the various achievement tests used in this study
could be ascertained, it would be possible to make a statement regarding
the rOgUSCDESS of the two 1RT methods and to generalize the. results of the

study to other achievement trsis that exhibit similar dimensionality.
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