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Studies of Admisti.ina-Tes mg-andMAnAt-capped People

Most__admissions _testing programs have _long made
accommodations for handicapped examinees, though practices
have varied acroas programs and limited research has been
undertaken_to evaluate such teat modifications. Regulations
under Section 504 of the Rehabilitation Act of 1973 impose
new requirements on institutional users, and _indirectly on
admissions test sponsors and developers, in order to_protect
the rights of handicapped persons. The Regulations_have not
been strictly enforced since many have argued that they
conflict with present technical capabilities of test
developers. In_1982,_a Panel appointed by the National
Research Council released a detailed report and
recommendations_ calling_ for research on the validity and
comparability of scores for handicapped persons.

Due to a shared concern for these issues; College Board,
Educational Testing Servide, and Graduate Record Examinations
Board initiated a series of studies in June 1983. The
primary objectives are:

To develop an improved base of information
concerning the testing of handicapped
populations.

To evaluate and_improve wherever possible the
accuracy of assessment for handicapped
persons, especially test scaling and
predictive validity.

To evaluate and enhance wherever possible the
fairness and comparability of tests for
handicapped and nonhandicapped examinees

This is one of a series of reports on the projecti which
will continue through 1986. Opinions expressed are those of
the authors. See Appendix for an annotated bibliography of
earlier reports of the series.
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Ab§tract

From 'he fall of 1981 through June, 1984, more than 850 diSabled

examinees took special administrations of the GRE. Through effort§

involving more than 400 graduate schools, grade point averages were

obtained on 278 of these disabled students, about 236 of whom had date

complete enough to be included in the study. Disabled §tudent§ earned

lower mean GRE scores than their nonhandicapped counterparts, but, except

for visually impaired students, they earned overall graduate grade point

averages very close to those of nonhandicapped stueents. Difference§ in

the GRE performance of blind students compared to students with other

visual disabilities raised questions for further research.

The predictive validity of the GRE scores obtained in nonstandard

administrations was estimated with empirical Bayes procedures. The

differences between actual and predicted grade point averages were more

negative for disabled students; and the correlations between preditted

and actual scores more modest than results for nonhandicapped gtudontg.

In addition a distinctive pattern was observed fcl- disabled students:

higher predicted FYA scores were accompanied by increased overprediction.

However, considerable caution was recommended in interpreting the results

of the study because of the lack of information on nonhandicapped

students in the same departments as disabled students;



Introduction

In reSponte tO a call by the Panel on Testing of Handicapped People

(Sherman & Robinson; 1982) fot a prOr.aM of research, the College Board (CB);

EdUcational Testing Service (ETS), and the Graduate Record Examination Board

(GREB) joirltly funded a project, "Studies of Admissions Testing and

Handicapped People.' Ag patt Of that research effort, this study presents

data On the validity of the Graduate Record ExaMinetion (GRE) Aptitude Test as

a predictOt Of College performance for people in four disability

classifications: heating impairment, learning disability, physical handicap or

Visual impairment. These validity data address the question of whether the

GRE prediCts the graduate performance of people with diSabilitiéS as well as

it predicts the perforMance of graduate students in general.

1; Research Design & Implementation

A majot loduS Of the federal regulations implementing SeCtiOn 504 Of the

Rehabilitation Act of 1973 Wat the predictive validity G-7 admissions tests for

disabled test takers. Although va:_idity studies of the GRE have been

tbutinely performed for the general population (Braun & Jonet, 1985;

Livingston & TUrner, 1982; Wilson, 1982) and for some special populations

(e.g. minority examinees), no studie,; have inVolved specific handicapped

gibups (Bennet , Ragosta, & Stricker; 1984).

The Panel on Testing of Handicapped People (Sherman & Robinson, 1982)

also emphasized validity in itF program of research; If it could be shOWn

that all of the modifications made for handicapped people in a given test
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produced scores that predicted future performance as well as scores on the

regular version did, then an important source of doubt about the

appropriateness of the test would disappear. The panel noted the paucity of

data and suggeSted Studies of the effects of modifying tests and testing

procedures. Recognizing the difficulty of finding enough disabled students

Within any single institution to provide data for a standard validity study,

the panel recommended developing a validaticn technique which would facilitate

the pooling of information across many institutions. With that charge in

mind, a research design was developed, incorporating empirical Bayes

methodology as the basis of the vadation technique. In a recent analysis of

the predictive validity of SAT (Scholastic Aptitude Test) Steret for ditabled

students (Braun, Ragosta & Kaplan, 1986), empirical Bayes facilitated the

eStimation of prediction equations for a relatively large number of schools

with relatively small nUmbers of handicapped people.

In this setting, the implementation of empirical Bayes methods was impeded

by the lack of control data from the departments in which the handicapped

students in the study were enrolled. Consequentlyi a rather elaborate strategy

was developed in order to obtain estimates of the prediction equations for

those departments. The procedure is described in some detail in Appendix A.

Because the process does involve sUbstantial extrapolation, the residuals that

are derived from these prediction equations must be interpreted with great

caution. Moreover, it must be borne in mind that the population of interest,

handicapped graduate students that have taken special forms of the GRE, forms

a miniscule fraction Of the tOtal population of graduate students and that

while our sample rcrresents a substantial fraction of that poOulation it is a

non-random sample. The combination of factors--the scarcity of the data'and

the data-analysis strategy requiring substantial extrapolation--gives us less



-3-

confidence in the rettilts Of thit study than we might have desired;

Nevertheless, we thought it important to report the results, in part to

-;ettabliSh the difficulty of doing validity studies under these condltions, and

in part tO ShOW that=-despite the difficuIties--the analyses reveal patterns

similar to those discussed in the SAT Validity study (Braun, Ragosta & Kaplan,

in press).

Design Considerations

The major focus of the current validity Study is the scores derived from

special tett administrations of the GRE. In special administrations, people

with disabilitiet tay taka a regular or modified version of the GRE--e.g.;

braille; large type; or cassette vettions--under special conditions including

a teparate lOcation, extra time, a reader; an amanuensis; an interpreter, rest

periods; special equipteht br other adaptations; During the period from the

fall of 1981 through the end of Juno, 1984, more than 850 examinees took

tpecial test administrations of the GRE; At the time of data tolledtiOn for

this stbdy, tote prOportiOn of those students could be assumed to be in

graduate institutions. others perhaps neVer attended graduate school; while

still others may hax,c attended and dropped out. Before we could collect data

for the V,lidity ttUdie.; we needed to locate those people who had bean

admitted to tpecifit dOpatttents Of graduate schools after taking special test

administrations of the GRE.

A second consideration was the interest in studying a second control

group tompoted of ditabled people who had taken regular test administrationt

1 0
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of the GRE and attended the same departMents in the same graduate

institutions. The imtediate task was tb identify these handicapped students

in departments which had also admitted students with scores from special tett

adtinistrations.

Given the need for data on tWO kinds of students, an appropriate

data-collection strategy was devised. Existing data files Would be tearChed

td determine those graduate schools which had received score reports from

special tett administratiOnt. For all such e-raduate institutions, current

data files were searched for individuals whO had taken regular adMinistrations

of the GRE and who had reported having a disability. School by school, listS

of the identified handicapped indiViduals were produced for every graduate

school to which students from Special tett administrations had applied.

Data Collection

Initial contact wat tade by letter with 432 graduate institutions in

June, 1985; The letter requested help for a series of validity Studies and

included littings of disabled individuals who had sent their GRE scores to the

specific graduate tchool. The littings of students from special administra-

tions typically contained only one or two naMe8. Listings Of hail-di-capped

stUdents from regular administrations were much longeroften several pages

long. TO assine a goOd response, only one or two pages of names were randomly

selected and sent to the SCho018 WheneVer the amoUnt of data requested would

have been too burdensome; Graduate institutions were asked tb return the

forms with validity data for those students who may have attended.

Specifically SChOolt Were atked to provide the following information:

1. The undergraduate grade==point=aVerage,

2. The first year graduate grade-point-average at the inttitution.



3. The overall graduate grade-point-average at the inStitution.

4. The Student's graduate department.

A follow-up letter was sent tem months after the first contact.

Of the 432 schools which were contacted, 339 responded for a response

tat. of 76 percent. Of those schools which responded; 188 had no information

on students from special GRE adtinistrations. The 151 schools which reported

the presence of students from tpecial adminittratiOnt provided the data for

the current study.

With the information obtained from the data collection, a data base was

built; composed of information on handicapped students from special test

administrations (Specials); and handicapped students from regular test

adtinistrations (Regulars). Information on nonhandicapped students in those

departments of specific graduate schoolt containing Specials were not

accessible However; the mean GRE scores of all score senders to the graduate

department were available in ETS fiIes and were used in the empirical Bayet

model (see Appendi A).

1cá1 Bayes _Methodolocjy

Ettimates of predictive validity are based on obtaining suitable

estimates of the regression of some criterion on one or more proposed

predictors; In practice; small sample sizes and the effects Of self-selection

hamper the estimation process. Empirical Bayes methods (Rubin, 1980; Btaun,

et al., 1983; Braun and Jones, J985) have been employed with good effect in

improving the quality of the Validity estimates in a number of different

settings, including the predictive validity Of the GRE.

With empirical Bayes, a formal mathematical model is developed ih Whith

the sets of regression coefficients from different schools are related to one

12
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another. The complexity of the relationship varies from one application to

another and the appropriate form may be determined from the data; The most

important -Consequence of this formal model is that it facilitates the "sharing

Of information" across schools; that isi data from all schools contribute

indirectly to the estimation of the regression equation in each school. This

sharing of information leads to stable estimates which are superior to the

usual least squares estimates based on a single school's data. In fact, the

empirical Bayes estimate of a school's prediction equation represents a

compromise between the usual least squares estimate and the global estima-e

based on pooling the data across all schools in the study.

2. Description of the Sample

The data base assembled for this study contained information on 278

students for whom special arrangements were made. Only 273 had GRE scores,

and; of these; 37 took the GRE in the standard amount of time, did not have

their GRE scores flagged and did not havc disability data available. The

remaining Specials were divided among six disability groups: hearing

impairment (2), learning disability (29), physical handicap (60), multiple

handicaps (15) and visual impairment (40 blind and 90 with other visual

impairment). Mean GRE scores, undergraduate grade point averages (UGPA);

graduate first-year averages (ETA), and overall graduate grade point averages

are presented in Table 2-1.

Insert Table 2-1 about here
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The mean GRE scores of these disabled students vary widely. GRE-Verbal

means range from a low of 395 for the 15 multiply handicapped students to a

high of 518 for the 60 physically handicapped students; The multiply

handicapped mean is abbut one full standard deviation below the mean for

physically handicapped people. Blind students had a GRE-Verbal mean of 456

compared to a mean of 506 for students with other (lesser) visual

ditabilities; a difference of about one-half of a standard deviation.

GRE-Quantitative scores ranged from a low of 422 for the 40 blind students to

a high of 580 for the two hearing-impaired students The blind students'

GRE-Quantitative mean is again almost half a standared deviation below the

mean for students with other visual impairments.

Undergraduate grade point averages range from a low of 2.93 for the 12

multiply handicapped students to a high of 3;27 for the 55 physically

handicapped students (and 3.33 for the hearing impaired individual). Multiply

handicapped students also had the lowest graduate school means, while the 25

learning disabled students had the highest;

Disabled students in this study were located in 41 of the 99 department

codes used to describe major fields (Educational Testing Service, 1983=84).

Of the 21 department codes in the Humanities; disabled students were located

in only 5, the most popular of which was religion represented by students in 6

different institutions. The Social Sciences were most popular with students

in this sample. Of the 27 fields in Social Sciences, disabled students were

located in 18; including Clinical Psychology; (9 institutions); Education (5

institutions); Guidance and Counseling (4 institutions); Public Administration

(4 institutions), and Other Social Sciences (6 institutions). Of the 32

fields in the Biological sciences; disabled students were enrolled in 10

represented by only one or two institutions each; In the 18 fields of
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Physical Sciences; disabled students were located in 8; the most popular of

which were Geology (5 institutions) and Chemistry (4 institutions);

About 50 percent of the data on disabled students from regular test

administrations came from departments in only 10 schools. The departments

represented were primarily in the Social Sciences: Education; Counseling; and

Social Welfare. Because of the way these data were collected; they are not

representative of the popUlation of disabled stUdents Who have taken regular

test administrations. Therefore; we have a good deal less confidence in the

data from regular administrations than we have in the data from special

_

administrations for disabled students.

The_Comprehensive Data Set

The comprehensive validity study required all participants to have UGPA;

GRE-Verbal and GRE-QUantitative scores to predict the graduate GPA (either FM

or OA; if FM was not available); It also required a disability classification

for all Specials and the collapsing of categories for visually impaired test

takers. Hearing-impaired and multiply handicapped students were dropped

because of low numbers. The resultant data base contained three categories of

students from special test administrations; one category of handicapped

students from regular test administrations; and nonhandicapped controls. The

means and standard deviations for these 5 groups on the four variables of the

comprehensive validity study are presented in Table 2-2; The data are

presented in graphic format in Figure 2.-1.

Insert Table -2 and Figure 2-1 about here



The test scores of this sample Of disabled students taking special test

administrations of the GRE are; on the average; lower than the test scores of

the nonhandicapped controls. The 19 learning-disabled students in the

Comprehensive Data Set had GRE-Verbal and Quantitative scores about one-half

of a standard deviation lower than the nonhandicapped controls. The 48

physically handicapped students had GRE-V scores similar to control students

but their GRE-AQ scores were on the average half a standard deviation lower.

The 105 visually impaired students were one-quarter of a standard deviation

lower on their GRE-V scores and more than two-thirds of a standard deviation

lower on GRE-Q. Despite their lower GRE scores, the disabled Specials had

overall graduate grade-point-averages close to that of nonhandicapped

students; except for visually impaired individuals whose grades were more than

one-third of a standard deviation lower.

3. Data Analysis

In this section we explore the patterns in differential validity across

various subgroups of students. In particular we compare distributions of

residuals from the estimated prediction equations for nonhandicapped students,

handicapped students taking regular administrations; and handicapped students

taking special administrations. Three subgroups have been broken out of the

latter group: the visually impaired; the learning disabled and the physically

handicapped. We investigate three families of prediction equations: one

based on employing both GRE scores and UGPA; one GRE scores only and one UGPA

bhly.

As has been made clear in Appendix A, the residual analysis has only been

possible after substantial effort had been expended in obtaining an estimate

of the prediction equation in each department. This effort was made necessary

1 6
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by the ladk of data on nonhandicapped students in those departments. Since the

prediction equations obtained were the result of an extrapolation of a model

based on deta from other departmentS, it ShoUld be expected that the reSiduals

are at least somewhat more variable than they would have been were relevant

COntrOl data aVailable. In fact, we show below that the standard deviations

of the residuals for the different handitapped grOUOS are typically about

fifty percent larger than the standard deviation of the pooled tegidualt fOr

the nonhandicapped students that were used to estimate the model parameters.

This ShoUld be compared to our companion study of the SAT (Braun; Ragosta and

Kaplan 1986) in which the corresponding inCreage ig in the range Of ten to

fifteen percent; Of course, in the latter study relevant control data was

available.

It will also be apparent that While the Correlations between predicted

and actual FYA are not negligible in most Lases; the standard deviatiOng Of

the reSidUalS are comparable in magnitude to the standard deviations of the

FYAs. Thus there is considerable variability in the reSidnals Whieh may mask

whatever systematic patterns exist in the data. some of the eXCegg

variability is due to the manner in which the prediction equations were

estimated. Some is due undoubtedly to the fact that the groups of handicapped

students we study are very heterogeneous and that we have no information on

the process by which they matriculated at a given department or the tourge of

Study f011OWed. Accordingly; in drawing inferences from these data we will

rely on the similarity of the findings tO those in the SAT study.

Table 3-1 displays the results for the firgt family of predittion

equations. Recall that nonhandicapped students are culled from 99 departmentg

that partitipated in the VSS and are in general different from the departments

attended by the handicapped stUdentS in the study. The prediction equation

17



employed for each departMent is the empirical Bayes estimate using the

applicant data to provide covariate information. The fit for the

nonhandicapped students is very good. The mean residual is close to zero

(line 4); moreover, diViding these students into three equal groups according

to the level of predicted FZA--low, medium and high--yields only a slight

upward trend in the mean residuals (lines 5, 6 aild 7). Note also that the

correlation between actual and predicted FYA is 0.63, a rather substantial

figure. Note, however, that this correlation iS obtained from a pooled sample

drawn from 99 different departments.

Insort Table 1=1 about here

For the handicapped studenr.s, the prediction equations are obtained from

the Applicant model as described in Appendix A. The mean residuals are

somewhat more negative, -0.06 and -0.09 respectively, and the correlations

between actual and predicted FYA are much more modest. Perhaps most

important, the pattern in the mean residuals by level of predicted FYA is

reminiscent of the patterns observed in the analysis of SAT data (Braun,

Ragosta and Kaplan, 1986): increasang predicted FYA is accompanied by

increasing overprediction. The trenJ is quite strong inamulch as the standard

error of one of the subgroup means is approximately 0.06 while the difference

in means between the low predicted group and the high predicted group is

approximately 0.25 (regular administration) or 0.16 (special administation).

Visually impaired students forM the largest subgroup a:n-(3:1g thOse taking

special administrations and their results mirror those for the group ag a

1 8
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whole. Physically handicapped students form the next largest group and their

results are similar to the others with the exception cf the trend in the mean

residuals (lines 5-7). The results for the learning disabled group ar,3

somewhat anomolous with a positive mean residual and a negative correlation

between actual and predicted FYA; However, the sample size is so small that

it iS difficult to lend much credence to these findings.

Table 3-2 presunts the results for predictions based on GRE-scores only.

For the non-handicapped students the effect is to increase the positive trend

in the mean residuals with incru.asing predicted FYA; For handicapped students,

the effect
;-

to make the mean residuals more negative and to further reduce

the correlations between actual and predicted FYA. The effect is particularly

striking for the learning disabled students.

Insert Table 3-2 about here

Table 3-3 presents the results for predictions based on UGPA only. The

pattern of residuals for handicapped students, both from regular and special

administrations, indicates substantial overprediction although the correlations

between actual and predicted FYA are substantially higher than those in Table

3-2.

Insert Table 3-3 about here
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Finally in Table 3-4; we display cortelations betWeen residUalS and the

GRE-V, GRE-Q, UGPA and predicted FYA for various groups of handicapped

students. When the reSidualS are derived from predictions based on test

scores and UGPAi they are negatively correlated with the Other variables in

almost all instances. The negative correlation between the residuals and the

predicted FYA iS ConSiSteht With the pattern in the mean residuals evident in

Table 3-1. The correlations are particularly large for the learning disabled

students.

Ingert Table 3-4 about here

4. Discussion

There are two major difficulties in trying to draw conclUsions feom the

preceeding analytiS. The first is the extreme caution that must be exercised

whenever inferences are drawn ftom nonrandom samples. As discussed below this

is a more serious concern for those disabled students Who toOk a reljular

adMinittratieh of the GRE. The second difficulty proceeds from the

uncertainty surrounding the estimated prediction equations that were used to

generate the residuals for analysis. Because of the lack of relevant control

data, the residuals are certainly more variable than they woUld have beeti in a

mote ideal study. Thus, we must be content to observe whatever trends appeae

and compare them closely With the reSultS Obtained from the study of the SAT.

The numbers of disabled students located for the current Validity study

are S-Mall. Although more than 275 disabled students had some validity data,

only 216 had complete data for the comprehensive study. More than 60 percent
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of that group were students with visual disabilities. In a companion study of

the Scholastic Aptitude Test (Braun, Ragosta & Kaplan, in press), visually

impaired studel'ts were the second largest group of disabled test taketS (the

largest being the learning-disabled group) but they represented only 20

percent of the population taking special test administrations; Physically

handicapped students comprised 27 percent of the GRE sample in the current

ttudy, although in the companiJn SAT study stUdents with physical ditabilitiet

were only 9 percent of the sample. Both visually impaired and physically

handicapped students take the GRE in larger numbers and relatively larger

proportions than students with hearing or learning disabilities. Perhaps the

attrition rate in college is higher for Stud-SntS with hearing or learning

disabilities;

Despite their low nuMbers, those disabled students who were Specials

included in the comprehensive validity study represent a reasonably large

percentage of the total population of students taking special administrations

of the GRE; However, the disabled students who took regular administrations

bf the GRE--the Regulars--ara not as representative a group of students as the

Specials. Not only do they represent a much smaller proportion of their total

population but their composition with regard to disability is unknown. They

were an adventitious sample and heavy reliance should not be put on their

results.

The difficulty in acquiring sufficient data for a high quality validity

study of standardized tests for disabled individuals has been demonstrated

again--in this study as well as in the companion study Of the SAT. Although

the GRE validity ftudy has corroborated some of the findings of the SAT study;



be-cause of small numbers some relevant research could not be done. Testing

programs that are much smaller than the GRE might have difficulty in

completing a worth-while validity study.

The difference in GRE means between blind and Other visually impaired

Students is worth some follow-up consideration. Why are the GRE ScOres of

blind students significantly lower than the score of students with other

visual disabilities? Do blind students have equal access to information and :

ptactida materials for the GRE General Test? If go, dO blind StUdents haVe

adequate time tc take the test in the slower Cassette or Braille vorsibtig? Do

those students with other vitUal disabilities have too much time to complete

the test? The differences in means betweel: the twO geoupt Of Students with

Visual diSabilities is too large to ignore; Further research is warranted.

Although the prodiCtiVe Validity findings in this study are less

definitive than those in the companion study of the SAT, there is certainly

Corroborating evidence of overprediction. When GRE scores from special

administratibbs result in relatively high predicted grades in graduate schoo ,

those predicted grades are likely to be higher than the grades actually

received.

BecaUse of the small numbers of students involved--and the even smaller

numbers which would result from categorizing the students by the GRE version

used and amount of time taken--no attempt was made to deterMine Whether

increased overprediction or higher GRE scores were associated With increased

amounts of tatihq time. Nevertheless, because of the similarity between the

results of this study and its companion SAT study with regard to

overprediction associated with scores from special test adMinistrations, a

siMilar recommendation is made: that in so far as is possible, the titthq of

special test administrations become more standardized. It should be borne in
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mind, however, that disabled students taking regular administrations of the

test were also substantially overpredicted. This is somewhat puzzling

although a similar pattern was found in the SAT study. The risult does

suggest that there may be Other factors at work here.

That nonstandard administrations of standardized tests become more

standardized with respect to timing was one of the recommendations of the

APA=AELA,--MME joint standards (APA0 1985). Although that recommendation

seemed inappropriate to us at first--because disabilities are not easily

categorized and standardized--the occurrence of overprediction associated with

untimed tests has caused us to give more serious thought to tlie problem of

timing. Some further research is necessary to establish suitable timing

conditions for stuaents with specific disabilities taking specific versions of

the GRE.



Table 2-1

Neada arid Standard Deviations of Disabled Students

Located for this Study

spotia N
GRE-V

X SD N
GRE-Q

X SD N

UGPA

X

FYA

SD

Blind 40 456 110 40 422 124 37 3.13 .46 38 3.23 .72 42 3.24 .66
Other Visual 90 506 106 90 478 131 76 3.11 .56 87 3.34 .50 91 3.37 .52

Physical 60 518 126 60 'i7 130 55 3.17 .53 61 3.46 .55 63 3.41 .51

LD 29 472 101 29 462 136 24 2.99 .34 25 3.53 .43 26 3.51 .47

Hearing 249595 2 580 120 1 3.33 2 3.78 .23 2 3.78 .23

Nhltiple 15 395 116 15 446 160 12 2.93 .55 15 3.15 .50 15 3,17 .46

Missing* 37 494 122 37 481 165 37 3.14 .48 38 3.44 .42 39 3.46 .39

Tbtal 273 490 118 273 467 139 242 3.11 .51 266 3.38 .54 278 3.38 .52

* 'These students todk the ORB:within standard time limits and did not have disability data.
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Table 2-2

The Comprehensive Data Set
Means & Standard Deviations for Nonhandicapped and

Handicapped Groups

GRE-V

X SD

GRE-Q

X SD

UGPA

X SD X

OA

SD

Nonhandicapped zu25 519 106 543 124 3.26 .44 3.48 .42

Snetialt

Learning Disabled 19 469 95 472 142 3.01 .35 3.49 .46

Physically Handicapped 48 514 116 481 129 3.18 .55 3.46 .55

Visually Impaired 105 492 107 457 126 3.09 .53 3.31 .54

ESS21±Ta 184 482 122 454 128 3.02 .48 3.40 .50



Table 3-4

Residual Analysis Derived from Predictions

Based on Test Scores and UGPA

Nonhandicapped
.... Handicapped

Réglar Special
ibtal Learning Physical Visual

1. Number 2025 184 216 19 48 105

Means

2. Actual FYA 3.48 3.40 3.38 3.49 3.46 3.31
3. Predicted FYA 3.50 3.46 3.47 3.42 3.50 3.47
4. Residual -0.02 -0.06 -0.09 0.07 -0.04 -0.16

Mean Residuals
5. Low Predicted -0.06 0.10 -0.04 0.10 -0.08 0.06
6. Medium Predicted -0.00 -0.10 -0.02 -0.31 0.12 -0.11
7. High Predicted 0.02 -0.15 -0.20 -0.22 -0.16

Stmdardi_Deviations_
8. Actual FYA 0.42 0.50 0.52 0.48 0.55 0.54
9. Predicted FYA 0.23 0.20 0.20 0.20 0.16 0.20

10. Residuals 0.33 0.49 0.51 0.53 0.49 0.53

Correlatiams

11. Actual & Predicted 0.63 0.24 0.27 0.23 -0.04 0.29



Table 3-2

Residual_Analysis_Derived from_Ptedictions

Based on Test Scores Alone

Nonhandicapped Handicapped
Regular Special

Total Learning Physical Visual

1; Number 2025 184 216 19 48 105

Means

2. Actual FYA 3.48 3.40 3.38 3.49 3.46 3.31
3. Predicted FYA 3.50 3.50 3.50 3.48 3.51 3.51
4. Residual =0.02 0 =0.10 =0.12 0.01 -0.05 -0.20

lokam-Residuals

5. Low Predicted -0.12 0.02 -0.07 0.02 -0.03 -0.07
6. Medium Predicted -0.01 -0.11 -0.11 0.28 -0.03 -0.04
7. High Predicted 0.07 -0.19 -0.25 -0.39 -0.09 -0.37

Standard-Elevriationa

8; Actual FYA 0.42 0.50 0.52 0.48 0.56 0.54
9; Predicted FYA 0.23 0.17 0.14 0.13 0.13 0.13
10. Residuals 0.35 0.50 0.53 0.51 0.57 0.55

Corre1ations-

11. Actual & Predicted 0.56 0.15 0;12 -0;12 0;04 0.11
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Table 3-3

Residual Analysis Derived From Predictions

Based on UGPA Only

Nonhandicapped Handicapped
Regular Special

VisualTotal Learthig PhysiCal

1. Number 2025 184 216 19 48 105

Mans

2. Actual FYA 3.48 3.40 3.38 3.49 3.46 3.31
3. Predicted FYA 3.50 3.46 3.48 3.44 3.51 3.48
4. Residual -0.02 -0.06 -0.10 -0.05 -0.05 -0.17

Man Residuals

5. Low Predicted =0.04 0.02 -0.06 0.15 -0.12 -0.06
6. Hadium Predicted -0.02 -0.04 -0.15 0.03 -0.02 -0.30
7. High Predicted 0.01 -0.18 -0.10 -0.04 -0.06 -0.14

Standard Deviations

8. Actual FYA 0.42 0.50 0.52 0.48 0.56 0;54
9. Predicted FYA 0.22 0.17 0.17 0.11 0.17 0;18
10. Residuals 0.34 0.49 0.50 0.48 0.52 0.53

Correlations

11. Actual & Predicted 0.59 0.21 0.29 0.04 0;36 0;24



Table 3-4

Correlations Between Residuals and PredittOta and
Predicted FYA for Handicapped Studenta

Predicted FYA Obtained from

UGPA
Only

Test Scores
and UGPA

Test ScOrd6
Only

Regular
Residual-V -.16 -.19 .04
Residual-Q -.08 -.10 .11
Residual-U -.10 .14 -.12
Residual-PFYA -.15 -.18 -.13

Speclal-Visual
Residual-V =.14 -.09 -.04
Residual-Q -.12 -.12 ;00
Residual-U -.02 ;20 -.03
Residual PFYA -.14 -.14 -.10

Special-Learning
Residual-V =.24 -.20 -.14
Residual-Q =.21 -.01 -.05
Residual-U -.13 .97 -.08
Residual-PFYA =.36 =.37 -.19

Special-Phyalcal
Residual-V .05 .09 .18
Residual-Q -.23 =.20 -.11
Residual U 41 .25 .04
Residual PFYA -.08 =.19 .05
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GRE=V GRE-Q
1

UPGA OA

Learning Dieabled

Nonhandicapped

Phy8ically Handicapped

Regulars

Visually Impaired

Figure 2=1. Graphical Summary of the PPrformance of Disabled Students Relative to the
Performance_Of NonhandicappLi Students; (In Standard Deviation Units of
the Nonhandicapped Population)
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APPENDIX A

Empirical Bayes (EB) methods in the test validation setting have been

described by Rubin (1980) and braun and Jones (1985). In a companion paper

(Braun, Ragosta and Kaplan, 1986) the authors have descriW how the use of

EB estimation techniques facilitated the analysis of the validity of the SAT

scores obtained by students with different disabilities. The purpose of this

study was to carry out a similar investigation of the validity of GRE scores

obtained by students with different disabilities. Unfortunately, differences

in the ta available in the two studies precluded simply borrowng the

methodology employed in the SAT study.

Briefly, the model employed takes the form:

Yij = Boi + Vij + B2i Qi1 + e..
13 13

(1)

where i indexes graduate departments and j indexes students within

departments. The criterion, Y, is the first year average (FYA) in graduate

school. V and Q represent scores on the verbal and quantitative sections of

the GRE, rescaled by dividing by 200. Thus, the regression coefficients for

these variables should be of comparable magnitude to that for undergraduate

grade point average (UGPA), denoted by U in the equation, which is on a 0-4

scale.Theerrorse.are assumed to be independent and normally distributed
ij

with zero mean and variance ai2.

Interest centers on estimation of the vector of parameters

B. =
1 1, Bli, B21,
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The empirical Bayes formulation takes the form of an hierarchical linear

model by assuming in addition to (1) that

B,' = D,'.
1 1 1

(2)

where Z1 is a vector of department-level characteristics, G is a matrix of

coefficientstobeestimatedand.is a vector of random fluctuations:Di

N o; (3)

The model encompatSed by (1), (2), and (3) facilitates the sharing of

information across departments since the empirical tayes estimate of

will depend not only on the data from department i (as would the leatt

1,

squares estimate, Bi) but also on the value of zi,b, a point on the plane

characterized by the matria. (8 represents the maximum likelihood estimate

of G.) All the departments contribute to the estimation of G and hence will

influence the value of B. For more details, see Braun and Jones (1985).1

On one hand, the use of BB methods seems particularly appropriate here

because the unit of analysis is a graduate department with typically small

enrollments, rather than a college with substantial enrollments.

Consequently, the gaint in efficiency of estimation over classical least

squares promise to be large. On the other hand, the data available in this

study is completely inadequate. Specifically, the graduate students with

disabilitiet identified for this study were located at 261 different

departments, very few of which had participated in the Validity Study Service

(VSS) sponsored by the Graduate Record Examination Board. Thus there was

3 4
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virtually no control data (i.e., data from nonhalAicapped students) available

for the estimation of the baseline equations.

One solution proposed was to use data from departments participating in

the VSS to estimate the model (1) and (2), especially the matrix G. Then, if

values for the components of the covariate vector Z for departments in the

stlady could be determined, estimates of the prediction equations for those

departMents could be made. That is, given an estimate G of G and a vector of

covariates Z, an estimate of the coefficients oi the prediction equation for

the department is given by

B = Z'G

This estimate corresponds to "shtinking" the (unknown) least squares estimate

for that department all the way to the plane characterized by G. However,

the lack of control data implies that the values of the components of Z

(usually taken to be the means of the different predictors among registered

students in the department) could only be obtained with great difficulty and

at substantial expense.

A more practical alternative then suggested itself; namely, to employ

for the components of Z the means of the different predictors among students

having their scores sent to the department. That data is relatively easily

available in the GRE History files maintained at ETS. Of course this would

require estimating the model for the departments in the VSS also using these

new covariates and verifying that the resulting estimated prediction

equations had characteristics similar to those obtained previously.
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One further difficulty: with no control data from the departments in

the study, it would be impossible to properly standardize the FYAS obtained

by the handicapped atudentt in order to compute usable residuals.

Accordingly, it was decided to experiment with EB models using unstandardized

criterion data;

For the experiments with the different versions of an EB model, we

employed data on nearly 2100 students from 99 departments that participated

in the vsS during the years 1980, 1981, :.982, and 1983; (The bulk of the

data wat collected in 1982 and 1983.) Only studentt that were native English

speakers were retained and each department must have had at least ten

students; For further details contult Swinton (1986).

FrOm each department three students tqete Selected at random and held

ovet fot trOtt=Validation. The remaining students were used in the

estimation process. We then fit tWO alternative versions of the model (1)

and (2); Both versions incorporated (1) With the three predictors; However,

the first version used the mean GRE-V, mean GRE-Q and mean UGPA for attending

students as covariatet. The second version used mean GRE-V and mean GRE=Q

for scnre senders to the &partment. (UGPAs for these score-senders were

unavailable.) At this stage of the investigation, standardized criterion

data were still employed.

Parameter eStimateS were obtained using the E-M algorithm (Braun and

Jones, 1985) and estimated prediction equations for each department were

derived from both versions. From these equations predicted FYAs were

cpmputed for those students set aside for cross-validation. The mean squared

error of prediction wat uted to compare the performances of the two models

which, as it turned out, were very similar.



A=5

Thus encouraged, we proceeded to the second stage that was identical to

the first except that the criterion, FYA, was no longer standardized.

Instead, we simply scaled FYks to fall in the range of 0-4 for all

departments. Again both versions of the mod:il were ectimated and

cross-validated. The results are presented below.

Three random samples of students, each containing one student from each

department, were constructed from the cross-alidation sample. We compared

the performances of version 1 (Attending model), version 2 (Applicant model)

and equations estimated by ordinary least squares using data from the

particular department alone. For versions 1 and 2 the prediction equations

are the usual EB estimates. Table Ar-1 presents five-number sUmmaries of the

absolute residuals for these approaches, separately for each of these

samples. It is evident that the two versions based on EB methodology do much

better than least squares estimation. Typical residuals are smaller and the

maximum residuals are considerably smaller. More important for our purposes,

the two versions are very similar in performance with little to choose

between them.

We then compared the Attending model and the Applicant model using

equations derived by shrinking down to the plane. That is, the estimates of

the vector of regression coefficients under the two models for department i

are given by:

and

13.(1) = Z.(1)' G(1), (Attending model)
1

(2)
- (2)' 12), (Applicant model)
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'112where G )

and G
N )

are estimates of the matrix of coefficients in equation

(2) land Z.(1) and Z.(2) are the appropriate vectors of covariates. We

display five-number summaries of the absolute residuals for each of the three

cross-validation samples (Table A-2). Again the performances of the two

models are simdlar, but not as good as when the two EB estimates were

employed.

Nonetheless, this empirical analysis hag Shown that prediction equations

derived from unstandardized criterion data and using applicant data to form

the covariates can perform tolerably well even when control data is not

employed directly. Consequently, for this study, mean test scores of

applicants for each department were obtained from GRE MOS and combined with

S(2) (estimated from the 99 departments described above) to obtain an

estimate of the prediction equation for that department. Using these

prediction equations, residuals for handicapped studentS were generated and

analyzed.

Of courte the derivation of these equations requires extrapolation from

a model estimated from one set of departments to an entirely different set of

departments. Consequently, a question concerning the accuracy of theSe

equatie.ls arises.

What we want to do is to compare the residuals we would have obtained

using empirical Bayes-estimated prediction equations employing attending

student covariate data with the residuals obtained using prediction equations

derived from the rev:ession plane emplci,ing applicant data as covariates.

Unfortunately, we can not do thit for the 261 departments of interest. We

can, however, do it for the 99 departments uSed to calibrate the model. We

found that for each department the prediction equation generated by one model
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tends to be entirely above, or entirely below, the prediction equation

generated by the other. (Consequently, one set of residuals tendt to be

Syttematically more negative, or more positive, than the others.) The

correlations between the two groups of predicted values are very close to

unity and the typical difference in the height of the planes is quite small.

We can go a bit further. Six of the departments that contributed data

to our Study of handicapped students also participated in the VSS and were

among the 99 departments that formed the data base tor our estimation of the

model parameters. There were fourteen handicapped Studentt enrolled in these

6 departments: nine had taken the regular form of the examination, four were

visually impaired and had taken a special form of the examination and one,

for whom there was no information on disability, had taken a special form.

Although the number of observations is rather meager, this sample provides an

opportunity to compare the distribution of residuals obtained through the use

of the two models described above.

Accordingly, the two sets of prediction equations for the 6 departmentt

Were generated thid residuals for the students computed. The prediction

equations employed students' test scores and UGPA as predictors; The two

distributions have approximately the same shape, Wt. the Median retidnal

Under the reference empirical Bayes model is ;12 units (anproximately

bne=thitd Of the interquantile range) below the median residual for the

Applicant model. However, this difference is also found for nonhandicapped

students in these same 6 departments.

Admittedly, the 6 departments are a small and nonrandom sample of the

261 departmentS and the number of students involved is less than four percent

of the handicapped stucints in the study. Nonetheless, they provide the only

link between the group of departments employed in model parameter estimation
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and the group of departments employed in the residual analysis that forms the

core of the study. AS a further check, two analogous comparisons were run:

one for the case of prediction equations incorporating only the test score at

predictort and one for the case of prediction equations incorporating only

UGPA as a predictor. In the two cases, the results were similar to those

already described, with the median residual for the Attending model

SubStantially more negative than the median residual for the Applicant model,

both for nonhandicapped and handicapped students. Consequently, we must

conclude that there is no evidence in the data that the residuals for

handicapped students employed in the study are systematically biated in one

direction or another.
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Table A.-1
Five=Number Summaries of Absolute Residuals for Three

Cross-Validation Samples.

MODEL
Sample 1 Sample 2 Sample 3

.23c .18 .18

Attending b
.3 9

d
.08 .37 .09 .32

(EB Estimate) 0.0a 1.90e 00 .95 0.0 1.08

.22 .20 .17
Applicant .08 .39 .07 .39 .08 .31

(EB Estimate) 0.0 1.82 0.0 .98 0.0 1.02

.25 .20 .22
Least Squares .08 .48 .09 .38 .07 .41

0.0 2.12 0.0 2.07 0.0 1.83

cmedian

b
lower quantile dupper quantile

a ;

minimum e .

MaxlmUM

Table A-2
Five-Nbmber Summaries of Absolute Residuals for

Three Cross-Validation Samples

MODEL
Sample 1 Sample 2 Sample 3

.26 .23
Attending .12 .45 .11 .40 .11 .40

(EB=Plane) 0.0 1.73 0.0 1.08 0.0 1.31

.26 .25 .24
Applicant .13 .44 .11 .42 .12 .41

(EB-Plane) 0.0 1.56 0.0 1.15 0.0 1.30



APPENDIX B

The following previous reparts from "Studies of Admissions Testing and
Handicapped People" are available upon request from Educational Testing
SerViCe, Re-Search Publications Unit-Room T143, Princeta., NJ 08541:

#1 _Bennett, R., and Ragostai M. A Research Context for Studying_
_Aximissions_Tests and Handicapped Populations, 1984. (ETS Research
RepOrt 84=31)

This 1.8 the first of a series of reports emanating from a four
year_research effort to further knowledge of admissions testing and
handicapped people. _The authors describe the legal and educational
iaSues that gave rise to this research and the major questions to be
addreaSed. They discuss the distinguishing characteristics_ Of
different types of disability and the complex definitional problems
that haMPer any simple method of classifying examinees by type of
handicap.

#2 Bennett, R., Ragosta, M.; and Stricker, L. _TheTestPerformance of
Handicapped People, 1984 (ETS Research Report 84-32)

The purpose of this report was to summarize exiSting reSearth
information concerning _the performance of handicapped people on
admissions and other similar tests. As a group, handicapped examinees
scored lower than did the nonhandicapped. _AMong the faur major groups
examined; physically handicapped and visually_ impaired examinees_were
most similar to the nondisabled population. Hearing disabled students
performed least well. Available_Studie8 Of the SAT And ACT generally
supported the validity of those tests fot handicapped_peoplei _but it
was confirmed that research to date has been quite limited And haS not
addressed many important questions.

#3 Bennett, R., Rock; Dii and Kaplan; B. The-Psychometric Characteristic§
of the SAT_f_a_r_Nine_Handicapped _GraupS, 1985. (ETS Research Report
85-49)

In this study the main finding was that with the exception of
performance level;_the characteristics of the Scholastic Aptitude Test
(SAT) _were generally Comparable for handicapped and nonhandicapped
students. The analyses focused on level of test performance; test
reliability, Speededne.:ss, and extent of unexpected differential item
performance an the SAT. Visually impaired W:udents and those with
physical handicaps achieved_mean scores similar to those of students
taking the SAT in national administrations, while learning disabled and
hearing impairedstudents_scored lower than_their nondisabled peers.
Analysis_of individual items revealed only a few instances of
differential iteM performance localized to visually imparied students
taking the Braille test.



1/4 Rock, D., Bennett, R.; and Kaplan; B. The TnternnT-Constrnct:VaIIdity

_cf_theSAT Across -Handicappedand- NonhandicappodPopulations, 1985.
(ETS Research Report 85=50)

This study further investigated the cordarability of SAT Verbal
and Mathematical scores for handicapped and nonhandicapped populations.
A two-factor model based on Verbal and Mathematical item parcels was
posed and tested for invariance across populations. This model
provided a reasonable fit in all groups, with the mathematical
reasoning factor generally showing a better fit than the verbal factor.
Compared with the nonhandicapped population, these factors tended to be
less correlated in most of the handicapped groups. This greater
specificity implies the_increased likelihood of achievement growth In
one area independent of_ other and suggests that SAT Verbal and
Mathematical scores be interpreted separately rather than_ as an SAT
composite. Finally, there was evidence that the Mathematical Scores
for learning diSabled students taking the cassette test may
underestimate the reasoning ability of this group.

#5 RagOStä, M.; And Kaplan, B. A Survey cf Handicapped Students Taking
special Teat AdminiatratiOna 6f the SAT and GRE, 1986 (ETS Research
Report 86=5).

Disabled people were surveyed to obtain their views on the
appropriatenesa of special test accommodations available for the
Scholastic Aptitude Test (SAT) and the Graduate Record Examinatio-is
(GRE)._More than nine_out of ten respondents reported satisfaction with
special_ test accommodations._ A minority experienced dissatisfaction
with the level of test_difficulty or about specific shortcomings
associated with test administrations. In comparing SAT and GRF
administrations with accommodations normally provided in college
testing, respondents reported that the admissions tests were more
frequently offered in special versions and with extra time than were
college tests;

1/6 Bennett, R., Rock, D., and Jirele; T. The-Psychomerufc Characteristics
of the GRE General Test for Three Handicapped Croups; 1986. (ETS
Readereh Report 86-6).

This study investigated four psychometric characteristics of the
GRE_ across handicapped and nonhandicapped groups: score leve.,
reliability, speededness; and extent of unexpected differential item
performance. Results showed the performance cf visually handicapped
students_to closely approximate that of nonhandicapped examinees,_while
physically handicapped students performed substantially lower.
Indications of speededness were suggested for those handicapped groups
taking standard as opposed to special administrations. There was_no
evidence of higher or lower performance on any category of items on the
GRE General Test than total score would indicate; suggesting that the
different item categories operate similarly for handicapped and
nonhandicapped groups.



#7 Rock; D. Bennett; R.; and_Jirele4 T. The Internal Conatruct Validity
of the- -GRP General Test -Across Handicapped and Nonhandidepped
Populations, 1986. (ETS Research Report 86-7);

The comparability of Gataral Teat_SCorea fdr_handicapped and
nonhandicapped groups was investigated through COnfirmetory factor
analysis. A three factor model_was posed and tested for invariance
across groups. _The model provided a good fit in the nonhandicapped
population, a moderately good fit for viaidally impaired students taking
the General_ Test under standard conditiOna;_and the least adequate fit
for visually_impaired students taking the largetYpe edition_and
physically handicapped students taking the ataadatd teat. For theae
latter two groups; differences in internal structure Were traCed to the
Analytical scale; whose scores appeared to have a different meaning
from those for nonhandicapped students.

#8 Braun; H. Tkagosta, M.4 and Kaplan; B. Ifti_e_dictivo-Vall-dity-of the
Scholastic Aptitude Test_for Disabled-...-- 1986. (ETS Research
Report 86-38).

This study employed empirical Bayes procedures to determine whether
prediction equations based _on nonhandicapped stUdetta atcurately
predict first year undergraduate grades of hatdicapped atudenta. Uaing
SAT scores, previous grades,_ or both predictors tdgether; College
performance of handicapped_students was somewhat leaa _predidtable_than
that of nonhandicapped students; SAT ScOre8 Alone tended to
overpredict college _grades of learning_ disabled StUdenta and
underpredict college grades of hearing impaired Studenta. There Wag
little evidence of significant over- or underprediction when grade
predictions were based on both test scores and previous grades.

#9 Powers; D._ E_._; And Willingham; 14._ W. _FeasibiLLty of Rescalitg Test
Scores of_Handfcapped_Examineas; 1986. (ETS Reseatth Report 86-39).

A number of testing -programs offer handicapped_ examineea the
opportunitiesto take_admissions tests under tons_tahdard _tdiftditiotis;
Typically4 the test_scoresibased pn_these nonstandard adtiniStrationa
have been flagged to indicate to test users that the Stores tay hot be
comparable to those from standard adminiattationg. It Order to avoid
thus identifying handicapped applicants; a panel established_by the
Nattohal_Acedemy of Sciences suggested the possibility of resealing the
adorea of handicapped students to make_grade predictions comparable for
hen-di-Capped and nonhandicapped students. This report examines this
possibility and concludes that the approach is not feasible technically
and furthermore that it would also have a number of potentially serious
undesirable side effects.


