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ABSTRACT
Besco, Robert Orin, Ph,D,, Purdue University, June

1960, The Measurement and Prediction of Success in Graduate

School, Major Professor: Donald C. King.

The purpose of this study was to investigate the rela-
tionéhip between various criteria of academic and research
performance in graduate school and scores on the Aptltude
Test of the Graduate Record Examination, 331 graduate stu-
dents in the departments of Agronomy, Chemistry, Civil |
Engineering, Industrial Engineering, Pharmacy, Psychology,
and Soclology were included in the investigation,

The criteria of success employed were grade point aver-
ages and faculty ratings, Palred comparison ratings of
overall performance and graphlic tralt ratings on the follow-
lng variables were collected:

1. Knowledge of subject matter,

2, Imagination and originality.

3¢ Independence in work,

4, Motivation to succeed,

5. Ability to design research,

8., Abillity to conduct research.

7. Overall performance,

B, Readmission recommendation,
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A new procedure for scoring paired comparison ratings
wag developed which involved fewer assumptions than previous
gcoring prccedures.' The modal response for each pair of
ratees was used to determine the preferred ratee of the
pair. Modal responses were summed to obtain the final
rankings within each department.

The rating varlables and grade point averages were
intercorrelated and factor analyrzed using the centroid
method of factor analysls, Only one general factor of per-
formance in graduate achool wasg dlsclosed, Correlations
were computed between test scoreg and overall performance
ratings and the welghted factor scores to determine the
validity of the test.

There were seigniflcant validity coefficients in every
department except in one sub-section of the Psychology De-
partment., The significant correlations ranged from ,23 to
. 57,

It was concluded that graduate school performénce as
meagured by these methods was unldimensional and that the
Aptitude Test of the Graduate Record Examination would be
a yseful test to predict the general, overall factor of

graduate school performénce,



INTRODUCTION

Thls study was conductéd to evaluate the degree to
which perfdrmance of graduate students on the Graduate
Record Examination Aptitude Test can be used to predict
success 1in graduatelséhool. Sponsored by the Purdue Re-
search Foundation and the Graduate School of Purdue Univer-
~ gity, the primary purpose of the study was to investigate
the relationship between various criteria of academic and
research performance in graduate school and scores on the
Aptitude Test of the Graduate Record Examination for
graduate students enrolled at Purdue University,

The problem of selection of graduate school applicants
has become increasingly acute in recent years, and if pre-
dictions of expansion in college and graduate school enroll-
ments are accurate, the selection problems in the future will
be next to Amposslible to solve using present selection
methods (Parkhurst, 1955; Thompson, 1954), The probleh to
be solved is oﬁe of gelecting from all the applicants the
established number of students, in terms of departmental
capacity, who will have the greatest probability of success-
fully completing graduate work, Most graduate departments
have a limited number of gtudents whom they can accept and

are faced with selecting a relatively low percentage of the



applicants, The selection ratio, i.e,

number of students admltted
number of applicatlons received,

varies from one graduate department to another, but the
highest selection ratio of the departments involved 1n this
study was one student accepted for every three applications
recelved, These ratlos varie& all the way down to one ad-
mission out of ten applications, Statements appearing in
graduate catalogs of other institutions imply that the
selection ratio can be as low as one out of twenty and even
lower,

It is anticipated that these selection ratios will
become tighter in the future due to two factors of change
in the pOpulation and one factor of permanence in our
soclety., The first dynamic factor is the general population
"baby boom% of World War II, The peak of this boom is in
high school now and will soon be expanding college enroll-
ments far above the enrcllments of the past few years,
egpeclally congidering the fact that the students in the
past few years came from a perlod durling the depression with
a relatively low birth rate(Elmo Roper & Associates, 19860),

The second change factor 1ls the increased emphasis on
advanced education, Thls emphasis was increasing at a
steady but rapid rate untll the technological and ideologi-
cal races with Russla caused increased emphasis on higher

education, Public interest in increasing the general



educational level of our populatlion was heilghtened by the
drama& of the sputnik and misslle races,

The static factor in our society which will also con-
tribute to the ilnecreasing pressure on graduate admlissions
committees 1s the everpresent fact that the financial
appropriations to expand educational facilities are 4lffi-
cult to acquire, It 1s analogous to Mark Twain's famous
statement about the weather, only in thls situatlon it must
be rephrased to read, "Everyone talks about ilmproving edu-
cation, but no one wants to pay for it.*

It seems then to be only a question of time until
graduate schools are receiving many more applications that
meet or exceed their present admission requirements, Since
the total number of students & department will be able to
admit will remain relatively constant, the selection problem
will become more acute, Admlissions committees will then
have to gsearch for addltlonal admlissions criteria with |
which to select from the qualified applicants only those
with the greatest potentlal to succeed, both in graduate

gchool and in their professional and sclentiflic careers,



PURPOSE

This study was conceived to try to anticipate the
projected increased pressure on the gradunate admissions
procedure, An attempt was made to establish more scienti-
fic and objective indices of success in graduate school
and at the same time determine whether the Graduate Record
Examination Aptltude Test could be used to further select
apolicants, all of whom were considered qualified under
pregsent admissions standards,

The primary purpose was to validate a specific selec-
tion instrument, the Graduate Record Examination Aptitude
Test, Establishing the degree of relationship between the
performance of graduate students and their scores on the
GRE Aptitude Test would give the respective departments
someé indication of the usefulness of the test 1n selection
of future students.

It was also desired to develop and refine various per-
formance evaluation procedures to evéluate the different
aspects or dimensiocns of'graduate performance, The major
purpose of this research on performance measurement was to
establish technidues to aséess rellably all relevant factors
of a student's academic and research performagce. At the

game time, a conceptually and logically defensible definition



of relevant performance factors was desired as well as an
operational définltion of performance in terms of rating

methods employed in this study.




BACKGROUND

Much research has been conducted and many reports
published on the types of selection and performance evalu-
ation problems to be investlgated in this study. The oprob-
lem of predicting and measuring acadenmlc success is a
challenging and popular issue (Walton, 1956), It is dif-

- ficult to find a copy of a popular magazine or a professional
educational journal that does not devote some space to the
problemg of selecting and/or evaluating the performance of
students,

This writer was faced wilth a monumeﬁtal task in selec~
ting publications to be cited as source and background
material in this study., The number of references used in
this study is low and the publicatlons included in the
bibliography were selected on a very arbitrary basis, The
literature search was carried out more to obtain a wide
sampling of the llterature than to select the few most out-
standing publicationé in this area, The areas searched for
pertinent publications were (1) testing instruments used %o
predict graduate school success, (2) selection studles, and

(3) eriterion studies,



Tegting Ingtruments
To insure that the most promising students will be

admitted, it 1s necessary to be able to predict accurately,
at the time of theilr application, the subsequent success of
students in graduate school, To do this, we must find
measures of student potential which are correlated with
later success in graduate school, Among the most impor-
tant characteristiceg which determine a studentl!s perform-
ance in graduate school are:

(1) present level of knowledge concerning his area of
intended concentration;

(2) motivation to be a success both in graduate stﬁdy'
and later life,

(3) personal adjustment to soclety and to his immediate
academic environment, and

(4) ability and aptitude to absorb, understand, and
utilize the content and techniques of his field,

Previocus academic experience will give some information
concerning the present level of knowledge, However, under-
graduate grade point averages and personal recommendations
are difficult to equate and interpret, and some investiga-
tors have found these measures to be of limited value in the
prediction of success in graduate school (See Patterson,
1958), At present, behavioral sclentists are attempting to
measure motivation and personal adjustment, but results to

date have been inconclusive and do not point to integrated



principles or rellable measures in these éreas. It would
seem, then, that the ability and aptitude factors of gradu-
ate success would be the most promising untapped source of
information concerning subsequent success in graduate study.

There have been many discussions concerning the types
of aptitude tests that are most appropriate for academic
selection (Hountras, 1956; Lannholm, 1957), Test developers
become economlically and egolstically involved with their
instruments, Claims and counter claims are presented for
and agalnst speeded tests, multiple cholice items, essay
examg, and on ad infinitum for all posslble types and vari-
ations of tests.

This writer feels that there 1s very little in the way
of theory or principle‘that will enable the & prioril selec—
tlon of a valid test, Tests must be situationally validated
end revalidated és the situation changes, The test selected
in this study was selected on the bases of administrative
convenience and face validity as well as the fact that it
had been demonstrated to have predictive value in as many,
1f not more, instances than any other instrument, A biblio-
graphy of the early validatlions of this test is presented by
Lannholm (1951),

The Aptitude Test of the Graduate Record Examination 1is
& high level intelligence test designed specifically to mea-
sure rellable dlfferences in mental aptitude at the extreme

upper range of intellectual ability (See Schulz and Angoff,
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1953; Buros, 1959; Educational;Testing Service, 1959). This
test 1s in wide use for both institutional and student eval-
uation (Harvey, 1957). |

The mailn competitor of the Graduate Record Examinatlon
in the past few years has been the Mlller Analogiee Test
(Buros, 1959), The Graduate Record Examination was employed
in this study instead of the Miller Analogles partiaily be-
cause of adminlstrative convenience but mostly because 1t 1is
a more comprehehsive test.

The Graduste Record Examination yvlelds separate scores
for verbal and cquantitative abilitles, These scores are
standard scores based on a large normative sample and make
comparisons possible between students tested in all parts of
the countr& and in different years, Although these standard
scores have had one major scale revision (Schulz and Angoff,
1953), the test publisher antilcipates that the present scor-
ing formulas will remain constant so that interpretation and
éomparisons of gscoresg over long periods of time ﬁill be posgsi-
ble,

Although it lg difficult 1f not impossible to obtain
Information on item statistics and item content of the
tests, this security of items plus the standardization of
the testing sessions are the main advantages of thisg test.
Some tests have suffered from the lack of security of the
items and from non-standard adminlstration of the tests,

The publishers of this test take more than the necessary

and required precautions to insure that all examinees have
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the same testing conditions and the same lack of prior know-

ledge conzerning the 1tems on the examinatlon,

Selection Studies

Two main approaches or experimentsl deslgns have been
used in validating selection tests (Tiffin & McCormick,
1958, pp. 82-87; Lawshe, 1948, pp. 1319). The first and
most desirable design 1s to test all applicants and disre-
gard the test scores for selection and/or performance evalu-
ation (Manning & DuBois, 1858; Canps & DeCosta, 1957; Pat-
terson, 1958; and Fisher, 1954), After a suitable period
of time has elapsed to allow the selected applicants to
demonstrate reliably thelr level of nerformance on the task
involved, test scores are correlated with a measure of task
performence to determine the validity of the test to predict
performance "on the job," This is commonly called "follow
up validity" or "predictive validity" according to American
Psychological Association reco:mendations (APA, 1954),

The concept underlying the second pnrocedure 1ls called
fconcurrent validity." The procedure involves the adminis-
tration of the test to individuals already "on the job" or
enrolled in school (King and Besco, 1960; Robinson, 1958;
and Hountras, 1956), Then the correlation is computed be-
tween the criterion of performance and test scores to deter-
mine the validity of the test,

The main difference in the two methods concerns the

differences in test performance between an applicant and the
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individual already established in hls position, For pur-
poseg of this investigation, the main problem 1s that of
motivation, The applicant is almost certainly going to put
forth all his effort to obtain the best possible score on
the test while the admitted student may perceilve the test
as an unnecessa§y and extremely difficult task and conse-
guently may not put forth all his efforts to obtain the
highest possible test score, It can also be hypothesized
that the highly motivated student may be anxlous &nd ner-
vous and so tense that his performance will be lowered,

It has yet to be demonstrated that the motivatlion level

of the examinee will seriocusly affect performance on this
particular test except at the extreme ranges of motivation,
Obviously, if 2 student is so unconcerned that he does not
even attempt an item, he will lower his score, or 1if he is
g0 anxious and concerned that his intellectual functions
will be impaired, his performance will be lowered, It is
hoped that a graduate student is proud of his verformence
on any task and is able to control hils emotions to the ex-
tent that motivation would not be a serious~Question in a
testing situation such as this one,

The validities obtained 1n academic selectlon studies
have been low, particularly at the graduate level, Valldil-
ties have typlically been in the range from .20 to .40 with
the higher valldities being obtained by large batterleg of

tests which consume many hours and even days of testing
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time, It has been very rare to find a single test with a
predictive validity over .35, These low validities have
been caused by two factors: (1) the inadequacy of selec-
tion tests to measure all facets of academic notentlal and
(2) the restriction of range in abililty and performance
factors for graduate students due to natural selection,

As mentioned earlier, there are many factors which
determine the degree of success for graduate students.
Motivation, interest, present level of knowledge, and
mental aptitude are a few of the factors, To build a test
or a bhattery of tests to measure even these few isvnearly
impossible, The changes in reguirements from department
to department would vreclude the construction of tests
which would have the breadth to cover all facets of gradu-
ate school potentlal and stlll have the depth to satisfy
the needs in all departments,

The restricted range of ability among graduate stu~
dents is caused primarily by natural selection or "survival
of the fittest," Comparing the graduate student population
with the general population reveals that graduate students
cluster in the extreme upper ranges of any ability, moti-
vation, or knowledge factor, By the time a student enters
graduate school he has passed a number of academic performance

hurdles whlch have eliminated the lower performlng students,
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Criterion Studies

One of the most cruclal problems in a selection study
is the development of acceptable performance criteria,
Typlcally, studles in academlic selection have used only
grade polnt averages as criterla of performance (Capps &
DeCosta, 1957; Durnall, 1954; Fisher, 1954; and Robinson,
1958). Other authors (Patterson, 1958; Webb, 198l; and
Webb, 1956) have pointed out the limitations of grade point
averages as a criterion, particularly in graduate school,
Ag a criterion, the most common limitation of grade point
averages 1s the decided restriction of range from the lowest
to highest averages, Many graduate schools require a grade
of B or higher to receive credit for a course, In addition
.to the restriction of range, grading practices and absolute
grading standards very widely between instructors and be-
tween departments, A student can theoretically "raise® his
grade point évepage by avolding courses from low gradlng
instfuctors or avolding minors.in low grading departments.

There are many problems of performance criteria in any
situation, but the wide variance in educational philosophy
and goals of 2ducation make the definition of an exact cri-
terion in graduate gchool extremely difficult, Thorndlke
(1949, pp. 119-159) describes the general problems of cri-
terion development and Harmon et al (1954) discuss the prob-
lem of criteria in sclentific work in academic; in research,

and in applied settings, Brogden and Taylor (1950) provided
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a classification scheme for conceptualizing the various
types of errors that can curtail the effectiveness of a
criterlon measure, They classlfy criterion bias or error
into four types (p. 161):

1. Criterion deficiency--omission of pertinent ele-
ments from the criterion,

2 Criterion contamination--introducing extraneous
elements into the criterion.

3¢ Criterion scale unlt bias-~-inequality of gcale
units in the criterion.

4, Critericn distortion--improper weighting in com-
bining criterion elements,

Brogden and Taylor (1950, p. 162) set up three steps to be
followed when selecting or constructing criteria and cri-
terion measures,

1, Careful analysis of the total situation in which
the criterion behavior occurs for the purpose of isolating.
all sub-criterion varlables and obtaining vreliminary estil-
mates of their reslative importance--determination of what 1s
to be measured,

2. The construction of procedures and/or scales for
thé meagurement of these elements--determination of how
each element i1s to be measured,

3, Development of a procedure for combining these ele-
ments into the desired single composite--~determination of
the relative importance of each element to over-all effi-

ciency.
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In this study the criterion problem will be approached
using the three steps outlined by Brogden and Taylor. In
the determination of what is to be measured, it can be hypo—
theslzed that there are two facets of performance in graduate
school that contribute to overall performance. Thesge two
are: (1) academic performance and (2) research performance,
It should be pointed out that adequate versonal adjustment
and acceptance by the faculty are also critlical factors in
graduate school success, In keeping with previous statements
concerning the inadequacy of present measures of personal ad-
Justment and personality, these measures of "personality"
will be used only to study thelr relil=bility and their re-
latlionship with other more dilrectly observable per formance
variables. |

The two most popular measurement technicues which have
been used to collect judgments or evaluationg of graduate
students are the graphic rating scale technlique and the rank
order technique. The grephic rating scale typically re-
quires the rater to check the point along a continuum which
represents the rater'sg judgment of the ratee, As Guilford
(1954) points out, these scales are simple to construct and
gcore and are very acceptable to raters, However, they
gsuffer from some common rater errors such as the errors of
halo, leniency, and central tendency. Although statistical
correction can be made for these errors, 1t is impossiblé to

tell whether the obtained dlstribution of ratings suffers
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from these errors or whether the ratings afe truly repre-
sentative of the ratee'!s performance,

The ranking methods overcome some of these three errors
but are time consuming when the number of ratees 1s over
twenty., Also they are frustrating to the rater and actually
statistlcally misleading when the ratees are very uniform
in their'performance. The method of paired comparisons is a
technique for making tne judgment task simnler for the rater,
This technique will not artificlally spread the scores as-—
signed to ratees and since the judgments are made 1in palrs,
the judgment task is reduced to a number of "better-than-or-
worse-than" comparisong. A further advantage of palred com-
parisons 1s that Kendall (1955) has developed a coeffilcient
to determine the consistency with which the rater has made
his judgments based on the number of circular triads in the
rater's judgments,

Another problem in criterion development 1s encountered
when the various criterion measures are comblined to obtaln
one composite score for each individual., Ghiselli (1956)
and Ryans (1954) have discussed the problems of combining
subceriteria into a composlte criterion, Ghisellil implies
that, in a multidimensional criterion, high performance on
one factor should compensate for low performance on another,
The loglc of Grimsley (1949) and Dvorak (1956) on the com-
bining of predictor scores can also be applied to the com-

bining of sub-criteria into a composite criterion, Grimsley
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and Dvorak feel that combining measures by statistically
determined welghts is not feasible in a&ll cases. For exam—
ple, 1t may not be posgsible for a graduate student to bé
successful Af he 1g falling in every course he is taking,
regardless of the brilliance of hls research performances.
Grimsley and Dvorak view separate scores more as establishing
succesgsive hurdles or minimum acceptable standards on each
varlable, Thie technique has been labeled the multiple
cut-off method,

Guilford and Michael (1948) and Ryans (1984) employed
a technique for comblning measures on the basis of thelir
loadings derived from factor analysls, This method might
provide a compromlse between the statistical Weighfing and
multiple cut-off methods, in that the subfactor scores would
be combined according to welghts but the main factors could
remain relatively independent,

However, Ryans found that simple unitary weightings were
almost as reliable statistically as the more complex welght-
ing procedures, Ryans concluded that complex welghting
schemes may not be worth the extra effort involved to obtain

thenm,



18

PROCEDURE

The procedures used in this study follow the baslc out-
line of the design described earller aec the "concurrent
validity" design, Most of the students were tested after
they had been admitted to graduate school,

This study consists of a number of gmaller studles
carried out separately in varlous departments throughdut
Purdue University. Departments varticipated in this study
on a voluntary basls although the study had the complete
backing of the University and the Graduate School., Because
of the autonomy of the study within each department, there
were gome minor variations in procedure between the depart-
ments, Most of these were due to problems of scheduling
and established departmental policles and did not affect

the basic design or hypotheses to be tested,

Sample

The names of the departments participating and the
nunber of students involved in each department appear in -
Table 1, As can be seen, the size of the sample in each
Adepartment varled from sixteen in Industrial Engineering

to 82 in Chemistry, The sampling fraction, i.e.

the number of students in sample
The total number of students in Eepartmenf
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Departments and Number of Students Included in This Study

Department Number of Students
Agronomy 42
Chemistry 82
Civil Engineering 26
Industrial Ehgineefing 16
Pharmacy 44
Psychology
Clinlcal 40
Experimental 20
Industrial 37
Soclology 24
Total 331
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varied from a low of 52% in Chemistry to a high of 100% in
Industrial Psychology. The total humber of students in the
study was 331,

All of the étudents in all samples had.completed at
least 2% semesters of graduate study at the time they were
rated by staff members, The grade point averages were based
on at least three semesters of graduate study and at least
27 semester hours of graduate course work,

Students from non-English speaking countries were
excluded from the study, The test performance of students
from these countries was significantly lower than the test
performance of English speaking natives, especially on the
verbal section of the test, The norms for Purdue students
whose native tongue is other than English appear in Table
21 in Appendlx A, A comparison of these norms with the
Purdue-wide norms in Table 22 of Appendix A, based on only
English speakiﬁg students, points out the merkedly higher
scores of the English gpeaking natives., It is felt that
this score difference is largely due to the ianguage handi-
cap of foreign students and that these test scores are not
repregentative of the mental capacities of foreign students,
For this reasgon 1t was declilded before criterion data had
been collected to eliminate forelign étudents from this
studye.

The elimination of forelgn students accounted for a

large proportion of the losées from 100% samples in the



departments, Table 2 contains a breakdown of the reasons
students were dropped from the study before any data analy-
sis had taken place, The three reasons for dropping stu-
dents were as follows: (1) Incomplete criterion data, In .
all cases this was caused by a lack of knowledge of some or
all phases of a student's performance by anyone in the de-
partment, (2) Lack of test scores. 181nce the students
were not required, but only positively requested, to take
the test, a few students did not cocperate, (3) The lan-
guage handlcap., As mentioned above, students whose native
language was not English were eliminated due to the severe

language handleap, resulting in poorer test performance,

Test Administration

The test scores were collected under condltions which
varied between departments, These testing conditions and

procedures for each department appear below,

Psychology

Students in the Psychology Departments were required to
submit test scores with thelr applications., Because of this
requiremént, only five students in the Pgychology Departments
took the tests under an administration for this study.
These five had all been admitted to graduate school prior
to September 1958 and they took the test in September 1959,
The fifteen students who did not take the test were doing
research in absentia, Industrisl Psychology had completed



Reagons for Dropping Students from Study

Table 2
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Total

Number of Total
Students Number TForelgn Incompleteé No Test

Reason for Drop

Department Enrolled Dropped Student Criterion Scores
Agronony 62 20 11 9 0
Chemistry 156 74 20 42 12
Civil Engineering 45 19 16 1 2
Industrial ,
‘Engineering 26 10 7 0 3
Pharmacy 54 10 2 6 2
Psychology
Clinical o2 12 1 1 10
Experimental 29 9 1 3 5
Industrial 37 0 0 0 0
Sociology 43 19 2 7 10
Totals 504 173 59 69 44
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a previous validation of test gscores and the test scores
were used in student selectlon, Although scores were avall-
able for most of the other Psychology students at the time
of applicatlion, no definite score limits or welghts had
been establiéhed in thé Clinical and Experimental sections

of the Psychology Department.

Chemlistry

The tests were admlnlistered to entering Chemistry stu-
dents for the entering classes of 19567 and 1968, The tests
were taken as part of a three day battery of tests during
orientation week, Scores for the entering class of 1957
had been distributed to the Chemistry staff before this
study was initiated, but the scores of the entering class
of 1968 were withheld from the Chemlstry staff until cri-

terion data were collected,

~ ‘Sociology

The Soclology Department urged that all their appli- |
cants submit scores as part of the application procedure,
but they had not established minimum scores or welghts to
evaluate an applicant's test performance, Since this test
was not positively required of all applicants to the Sociol-
ogy Department, 10 of the 23 students in this study were
tested in May of 19869, Scores of the students tested were
withheld until criterion data had been collected,
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Agronomy, Industrial Englneering, Pharmacy,
and Civll Engineering

Students in the Agronomy, Pharmacy, and Industrial
Engineering Departments were tested in May of 1959 and the
students in the Civil Engineering Department were all tested
in September of 1959, The test scores were withheld from
all four of these departments until crité;ion data had been
collected,

All of the testing sesslons followed the very rigld and
specific instructions from the Educational Testing Service,
During the readling of the instructions to the examinees,
they were told that these scores would not be used to eval-
vate their performance in graduate school, However, they
were told that a copy of the test scores would be sent to
their department hesds and to thelr major professors. They
were also told ﬁhat transcripts of these scores would be
avallable from the Educational Testing Service for sub-
migsion to other graduate schools or various Fellowship
programs which redquire test scoresg as part of the applica-

tion proce&ure.

Criterion Development

Graduate gtudent performance was percelved as belng
very uniform and very high in all departments, Seldom was
any student's performance acknowledged to be poor, The
measurement problem consisted of developing rating methods,

scales, and scoring procedures that would yield a relleble
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gscale to provide at least a rank order of student perform-
ance, Although it was desired to obtain an interval scale

of megsurement, the requirements for this study would have
been satisfied if a reliable rank order of students within

each department could be obtalined,

Performance Measurement

The two mailn rating methods used were the graphic
rating scale and the paired comparison technique, The
graphic rating scale appears in Appendix B. The tralts
were gselected to try to measure the two performance factors
hypothesize d earlier, academic performance and research per-
formance, The knowledge trait ratings and official univer-
sity grade point averages were to be the central measures
of the academic factor, The two tralts concerning research
performance were desligned to load heavily on the research
factor,

The scales concerned with imagination, motivation, and
independence were included to study the reliabllity of
ratings on these tralts and to study the correlation between
ratings on these traits with other ratings and with grade
poilnt averages,

The overall performance scale was ilncluded to study
the *halo effects® in the ratings and alsc to provide a base
from which to evaluate the degree of independence of the

other performance ratings,
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The readmissions scale was designed to provide the
raters with a rating scale which was more concrete and
tangible than some of the more nebulous traits described
in the above paragraphs, It was felt that the readmission
criterion was easlly understandable and that staff members
already conceptuallized student performance in terms of
readmission. _

In addition to the graphic tralt rating scaleg and
grade point averages, palred comparison ratings on an over-
all performance tralt were used, Each palr was presented
on an individual IBM card as illustrated in Appendix B,
This was to provide another overall performance’"anchor"
to evaluate the other scales and to provide one overéll
criterion of performance in the event that the graphlc trait
ratings would not be adequate performance measures,

The general hypothesls in the measdrement phase of the
study was that performance in graduate school is due pri-
marily to two factors, academlc performance and research
performance,

The specific hypotheses are listed below:

1, Two factors, academic and research, will emerge and
account for nearly all the variance in these performance
measures,

2, The overall performance measures will be heavily
" loaded on the academlc factor in the soclal science depart-

ments,

-
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3. The overall performance measures will be heavily
loaded on the research factors in the physical and natural

science departments,

Criterion Collection

After the cooperation of the individual departments had
been obtained and the department head had notifiled hils staff
members of the study, an introductory dittoed form letter
was sent to each faculty member in each department, This
letter also contained a roster of the graduate students to
be included in the study, The professors were asked to
check the names of every student whom he couid evaluate in
terms of performance in graduate school, in class work, and
in research. An example of thils letter appears in Appendix
B.

After these rosters were recelved from the faculty,
rating forms and palred comparison IBM cards were prepared
for each professor., Thls rating packet contained forms for
only the students whom the professor had indicated he could
evaluate, The rating forms and a form letter containing
instructions were then sent to each professor,

All correspondence was done through the offices of the
respective department heads, The letters and forms were
distributed and collected by the department heads, This was
done primarily to facilitate the distribution and collection
of materials, but also to insure that each faculty member

would be aware that his department head was sponsoring the
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study and was interested in the results obtained, Of the
132 professors who were contacted to participate in evalu-
Ating studenfs, 127 of them cooperated completely, The
other five eilther failed to respond to the initial inquiry
or falled to return the rating forms,

Ag a control measure, the number of months a student had
been enrolled in graduate school was obtalned, If there was
a significant relationship between the various criterion
meagures and length of time in graduate study, thié fact
would indicate thatvlong term graduate students had been
able to survive in the graduéte program due to better per-
formance, If the relationshipo were signlficant, length of
time in graduate school would be partilalled out of the 6ther
¢riterlon measures by empidying partlal correlation techw-

niques,

Criterion Analysis

Scoring, The tralt ratings were scored on an a priori
basls by assigning a value of one to the lowest rating on
the scale, two to the next, on up to six for the best poagsi-
ble rated performance, The readmission rating was scored
in the same manner except the values assigned ranged from
~one to five for the possible readmission decisions, For
all the ratings, a hlgh rating score was indicative of high
performance, The arithmetic means of the ratings received
by each student were used as the performance measures for

each student on the respective performance trait,
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Grade point averages were collected from the flles of
the University Registrar, These averages were based on at
least three semesters of graduate work and at least twentyQ
seven semester hours of course credit, This 1s three semes-
ter hours of course credit above the mlnimum course require-
ments for the Master of Science Degree at Purdue, However,
not all of the students in the study had been granted the
M.,S, degree at the time the criterla were collected,

The palred comparison ratings of overall performance
were scored by two procedures, The first was the Personnel
Comparison System described by'Lawshe et al (1948), In this
system, a standard or "Z" score 1s assligned each student
bagsed on the proportion of preferences from each rater,
These standard scores are averaged to obtaln one composite
"Z"% gcore for each student, This score will be hereafter
referred to as the "Paired Comparison Z Score,"

The above procedure involves the agsumption of equal
means and variances of student performance within each rater,
Due to the wilde variations in the number of students rated
by individual professors, 1t was felt that these assumptions
might be violated in this study.

To avold the above assumptions, an a priori decision
was made to develop another scaling procedure to score judg-
ments of the raters in this study. The situation wasg one in
which & number of students were to be ranked on a common

scale, but where all raters were not able to evaluate all



the students, An approximate conceptlion of the number of
missing cells and disproportionality of the cells in the
Judgment matrix can be obtained from inspection of Table 3.
It can be seen that most students were ratéd by only two
or three faculty members,

Given an incomplete matrix such as this, the problem
1s to find some method of combining all the judgments of the
different raters so that all students in a department can be
placed on a common scale, If there were onlj a few missing
cells, then the procedure of fitting missing values (Cochran
& Cox, 157) 1s feasible, However, this procedure is not
abplicable when there are a large number of empty cells, as
in this study.

In the procedure used in this etudy the judgments of
the raters were in the form of paired compsarison ratings.
The modal judgment of all raters who evaluated a particular
ratee was entered into a "ratee by ratee" matrix, This
matrix was then used to determine the rank order among the
ratees ag well as the internal consistency of the judgménts.

This method assumes that the fallure of a particular
rater to know a ratee well ehough to evaluate him was due
to random factors, It also assumes that the raters were
. from the same population, so that their judgments could be
averaged, No assumptions were made concerning the form of
the rater or ratee populations, The procedure was as.follows:

1., An *n x n" matrix of the ratees wag laid out as in
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Number of Students Rated by Indicated Number
of Faculty Members
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1

Total Number
of Raters

Number of Faculty Ratings

per Student

Department in Department g 6 o 4 3 2 1
, or more

Agronomy 25 0 4 2 7 11 13 5
Chemistry 26 0 0O 0 1 4 14 63
Civil Ergineering 25 0 3 4 2 9 6 3
Industrial

Engineering 10 0 o 3 1 7 5 0
Pharmacy | 14 0 0O 1 0 12 21 10
Psychology

Clinical 20% 9 7 9 8 5 2 0

Experimental 20% 4 4 2 4 4 2 0

Industrial 20% 9 3 5 2 9 9 0
Soclology 8 0 O 0O 6 9 7 2

*The same 20 faculty members rated students in the three

- sectlons of the Psychology Department.
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»

Table 4, Table 4 1s an example, for purposes of illustration,
from another study (Denenberg & Besco, 1960),

2., Taking the paired comparison judgments of each
rater'separately, a plus (+) was entered in the appropriate
cell each time the ratee on the horlzontal axls was prefefred
over the ratee on the vertical axls. A minus (-) was entered
whenever the ratee on the horizontal axis was less preferred
than the ratee on the vertical axis. This was done both
above and below the diagonal, In Table 4 it can be seen
that eight staff members compared students 1 and 2, with
five of them judging 2 superior to 1,

3. After the judgments of all raters have been entered,
a olus value was assigned to each cell that had the greater
proportion of plus signs and a minus value to each cell that
haed a greater propértion of minus signs. If there wags an
equal number of plus and minus signs in a cell, or if the
cell was blank, that cell was assigned a zero value, An
1llustration of this step is in Table 3; the ratees have
also been arranged in rank order in this table,

4, The number of positive cells were sumned for each
ratee, If two ratees had the game number of posltive cells,
the tie was broken by observing the proportion in the cell
in which these two ratees were compared; the student with
the greater proportion of favorable choices in that cell
received the more favorable rank (See student pailrs 6-11 and

3-8 in Tables 4 and 6), If that cell was equally split or
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Table 4

Example:
Matrix of Judgments Made'by 15 Raters on 1) Ratees Showlng
Number of Times Ratee on Horizontal Axls Is Preferred over
Ratee on Vertical Axls (#) and Number of Times Ratee on

Horilzontal Axis Is Less Preferred Than Ratee on Vertical

Axis (-)
- Ratees
1 2 3 4 5 6 7 8 9 10 1
A= £ fe fe fe fe b fe b= L= F-
1 53 10 30 20 31 16 21 20 12 20
2 35 12 60 40 44 18 13 23 16 14
3 01 21 30 40 12 01 21 13 02 02
4 03 06 03 31 05 03 04 05 04 02
5 02 04 04 13 05 02 14 15 03 02
6 15 44 12 50 50 06 42 24 07 23
7 61 81 10 30 20 60 30 20 41 31
8 12 31 12 40 41 24 03 23 03 20
9 02 32 31 50 51 42 02 32 13 20
10 21 61 20 40 30 70 14 30 31 41
11 02 41 20 20 20 32 13 02 02 14




Table 5

Matrix of Pooled Judgments Arranged in Rank Order

Ratees

5 4 2 8 3 6 11 10 7
5 - - - - - - - -
4 £ - - - - - - -
2 A A - - 0 - - -
8 Ao S - - 4 - -
3 A oA F S - - - -
6 A oA 0 4 4 - - -
11 N - -
9 A oA F A A A S - -
1 A A A A A A S - -
10 N R R S R -

7 AF A A A A S #
ggg?ggegges 10 9 7 6 6 5 5 1l 0o
Rank 1 2 3 4 S 7 10 11
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blank, then the ratees were treated as being tled.

Beliability. In the palred comparisoh matrix score,
Kendall's coefficlent of conslstence was used as & measure
of internal consistency among the raters (Kendall, 1955;
Edwards, 1957). The coefficient 1s reduced as the number
of circular trilads lncreases, Whenever ties occurred in
the data, they were counted as one half in determining the
coefficient of consistence and consequently reduced the
value of the coefficient,

The rellabilities of the graphic trait ratings and the
paired comparison "Z" score were éstimated using an analysis
of variance approach suggested by Ebel (1951). The coeffi-
clent used was the intraclass correlation which treats the
differences among the mean ratings of the faculty members
as contributing to error variance and consequently reduclng
the reliabililty,

Factor Analysig of Performance Ratinggs. The eight

graphic trait rating scores and the two pailred comparison
rating scores and grade point averages were factor analyzed
using the complete centrocld method as suggeéted by Thurstone
(1947) and by Fruchter (1954), Communalities were estimated
by the multiple correlation squared between the variable and
the other ten variables, Separate factor analyses of the
eleven performance varlables were computed in each of the

nine departments.
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The rating variables used were designed to provide
factor loadings on academic, research, and overall perform-
ance, As Guilford (1952) suggested, more than one perform-
“ance variable wasg used for each of the hypotheslzed pérform-
ance factors, Thus the hypothegized factors should emerge
with loadings on more than one variable. The hypothesized
factors would then be common factors and would be more
easlly interpreted than 1f the factor was specific to one
variable,

Compilled Criterion Scoreg., A composite score was oOb-

tained for each student on each factor of performance, The
average rating for individual students on each variable was
welghted by the factor loading for that variable in the res-
pective departments, These welghted rating scores were
summed to glve each student one performance score for that

factor,

Validity Determination

Validity of the two tests wag determined by correlating

the test scores with the various performance measures,

Departmental Validitles
.FOr each department, rank order correlation coeffi-
cients were computed between the two test scores and the
palred comparison matrix score, Pearson product—moment
correlations were computed in each department between the

Qeighted factor criterion scoresgs and the two test scores,

N
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Validitles were computed only within departments. No attempt
was made to obtain a general expression of valldity across
all departments., This was not attempted primarily because

of the wide differences in test scores between departments
(King & Besco, 1960) and the wide differences in grade point
averages and ratings between departments, To equate test
scores, grades, and ratings across departments was a prob-
lem which would involve assumptions conecerning absolute per-
formance levels between departments, This author had no

basls on which to make these agsumptlons.

Departmental Intercorrelations
Pearsonlan correlations were computed between the four-
teen variables 1n the study for each department, These
fourteen variables were: the fen rating variables, grade
point averages, months in graduate séhool, plus the two

test scores,
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RESULTS

Reliabillty of Ratings
The reliability of the ten rating variables for each

department appears in Table 6, It can be seen that most

of the rellabllities on the graphlc tralt ratings were very
low, The highest reliabilities were found with measures

of overall performance, especlally when measured by cne of
the paired comparlson techniques,

The rellabilities of the paired comparison matrix
scored rating ranged from a low of .63 in Chemistry to a
high of .82 in Soclology. This rating technique had con-
sistently higher reliabilities across departments than any

of the other rating procedures,

Factor Analysis of Ratings

The original hypotheses concerning the factor structure
of graduate school performance were rejected by tnese data,
In every department the only factor of performance to emerge
wag a general performance factor, The factor loadings on
the one general factor for all the performance variables
within each départment appear in Table 7, All the varlables
were highly loaded on this general performance factor, Grade
polnt averages were conslstently the varlable with the lowest

factor loading.
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The 1ntercorrelétions between all the variables appear
in Tables 21 through 29 in Appendix C, The intercorrela-
tions in thls table are all Pearsoh product-moment correla-
tion coefficlents, and they appear below the main diagonals
of the matrices, The communalities inserted for the factor
analyses are on the main diagonal, The residuals remaining
after the extraction of the first centrolid factor are above
the maln dlagonal, Inspection of these residuals reveals
that almost all of them are below an absolute value of ,10.
Conglidering the fact that the variebles were so highly inter-
correlated, these small reslduals indicate that almost all
of the varlance is accounted for by the first centroid
factor,

Further evidence of the fact that there is only one
common factor in these data appears in Table 8, It can be
seen that the first factor accounts for roughly 90% of the
common variance in all departments, The second factor was
extracted for each department and the greatest amount of
common variance accounted for was 1.4% in Experimental Psy-
chology. The second factor was not statistically or orac-
tically signiflicant in any of the departments, Since each
centrold factor is smaller than the factor preceding it, no
factors were extracted after the second factor,

The correlations between months in graduate school and
the other performance variables were close to zero in moét

casesg, Since these low correlations indicated that the
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Table of Variance Accounted for by Common Variance

and by the First and Second Centrold Factors

— Per Cents
First First Second
Common Factor Factor Factor
Varlance Variance Variance Varlance
As A %of As A Fof As A For Ag A Zof
Total Total Common Common
Departments Varlance Varlance Variance Varlance
Agronomy 82,53 74,6 90,6 1.2
Chemlstry 76.3 67,6 88.6 1.1
Civil Engineering 89.6 76,9 86.8 oD
Industrial Engineering 94,0 78.8 83.9 B
Pharmacy 83.8 73.9 88,1 .4
Pgychology
Clinical 84,9 79,8 94,0 .8
Experimental 94,7 82.8 87.4 1.4
Industrial b 91,5 84,3 22.0 o4
Socilology 91,3 84,4 02.5 oL




43

other performance variables were not highly related to tenure

in graduate school, the number of months in graduate school

wag not included in the factor anadlysils,

Departmental Validity

Due to the unidimensional qualities of the graduate
school pertbrmance measured in this study, it was felt that
the criterion used should be an overall verformance measure
with hfgh reliabllity, The paired comparison matrix score
was selected as the one best criterion measure,

In the first two columns of Table 9 can be seen the
rank order correlations between this paired compafison over—
all performance criterion and the test scores, One or both
of the sections of the Aptitude Test had significant corre-
lations with the overall criterion in all departments except
Industrial Psychology. The lack of correlation in Industrial
Pgychology was due to the fact that students in this depart-
ment were selected in part on the bagis of these test scores,
There was a decided restriction of range in the test scores,
The standard deviation of test scores in Industrial Psychology
was 70 and 60 for the Quantitative and Verbal sections, res-
pectively. The standard deviations in the other departments
ranged from 90 to 120 score points.. |

The significant validities ranged from .20 in Chemlistry
to.a very high .56 in Sociology., 1In three departments, Chem-
1stry, Experimental Psychology, and Sociology, both Quantita-

tive and Verbal scores were significantly related to performance,
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Correlations between test scores and the overall per-
formance graphic trait ratings, the grade point averages, and
the compiled-criterlion factor score are also in Table O,

Most of fhese validities are lower than the validities with
the more reliable pailred comparison rating., Even the com—-
plled-criterion factor scores had lower average validitles

than the simple paired comparison criterion,

Multiple Correlationg

The multiple correlations between graduate performance
and both of the test scores were computed for the three de-~
partments in which both tests demonstrated significant valid-

ities. The multiple correlations were ,32, .64, and .58 in

-

Chemistry, Experimental Psychology, and Soclology respective-
ly. None of these multiple correlations were significantly

greater than the simple two-variable correlatlons,
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DISCUSSION

Reliability of Ratings

The very low reliability of the tralt ratings in this
getudy was probably due to two factors, The first was that
faculty members were observing the students in different
contexts and phases of thelr graduvate work, It would be
logical that the performance of students would vary in dif-
ferent contexts., The second reason was the fact that dif-
ferences between absolute rating level of the faculty mem-
bers was treated as error and consequently lowered the
reliabilities,

Some raters conslistently assligned ratings higher or
lower than the other raters, Thls fact was probably due to
the response set of these "high" or "low" raters, This
phénomenon 1s commonly descrlbed as some raters being "hard®
or "tough," while other raters are "goft" or '"easy," These
differences in rater leniency were not statistically cor-
rected in thils study. It was desired to develop a rating
procedure that would be immune to the effects of rater len-
iency tendencles, Even though 1t was quite obvious that
the graphic tralt ratings did not accomplish this objective,
it 1s still almc:t a necegglty that the rating procedure to
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be used in the graduate departments should eliminate this
deficlency by other techniques than statistilcally edquating
scores, To equate scores between raters statistically,

the assumption must be made that the "true' scores of the
ratees being rated is known and that the level of ratings
received 1s altered up or down to fit the "true" score level,

Quite obviously, 1t is 1mpossible to determine if a
rater ls really a hard or goft rater, it could be that the
students a rater is evaluating are all low or high performers.
This undetermination of true ratings brings up unsoluble
definitional and logical problems concerning true level of
performance,

It is hoped that the paired comparison matrix score
technlque developed in this study wlll eliminate the problem
concerned with differenceg between true scores of ratees and
absolute performance standards of raters, The judgments
made by raters are merely decislons as to which student of
& palr ig better in terms of the rated variable, The judg-
ments of all the raters are pooled to determine the modal
Judgment conecerning which ratee is better or a variable,

The highest ranked ratee is the one who ig preferred, on this
modal judgment basis, over all the ofher ratees, The second
highest rank 1s assigned to the ratee preferred over all
others except the highest ratee and so on down to the las$

man who is not preferred over any of the other ratees,
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Even though Kendall's coefficilent of consistence pro-
vides an internal reliability estimate, it is felt that
‘more work needs to be done with this technique to develop a
statistic which will reflect the degree of agreement within
cells as well as between cells, The technlque as used as-
silgns the same welght toward reliability fof a cell with a
s1x to four split as the welght assigned a cell in which
all ten judgments are in agreement, With the development
of this statistic, the paired comparison matrix score would
be highly effectlive as a rating tool, The assumptions com-
monly made concerning the shape and form of the "true ratings"
for the entire ratée populatlions as well as the shape and
form of the true ratings" within individual raters would
no longer have to be made,

This technique could also be used to advantage in the
peer rating context, Kubany (1957) has pointed to the danger
in the peer rating situation of establishing absolute per-
formance levels by peer nominations, Since the pair com-
parison technique.is concerned with relative performance,
this objlection to peer ratings could be eliminated,

Buckner (1959) has raised an interesting point con-
cerning relliability of ratings that 1s pertinent to this
study., Buckner feels that high interrater agreement does
not necessarily indicate "good" or "true® ratings, If
raters observe the ratees in different situations or clasgses

or phases of graduate work, as in thls study, 1t would be
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expected that the performance would vary in the different
contexts, If the ratings were accurate they would reflect
thegse differences in performance and consedquently thé 1hter-
rater agreement would be low, High inter-rater agreement
in thls type of situation might indlcate that only the "halo
effect" or at best a general verformance factof was being
evaluated,

Even though Buckner's rating context was similar to
the context in this study, the low rater agreements in this
study were probably due to rater %"get" differences more than
to the fact that different facets of performance was being
evaluated, Especilally since the factor analyses revealed
only one large, general factor of performance, the hyoothesls
that the low interrater agreements were due to ratings of

different facets of a student's performance must be rejected.

Factor Analysis

The correlations, on which the factor analyses were
based, were between the average ratings of a student baged
on all the ratings that student recelived on each varlable,
Averaging ratings, in which there was little agreement be-
tween raters, could have had the effect of eliminating any
variance in the ratings due to factors other than the gener-
al factor,

The number of students avallable in most of the depart-

ments was gmaller than the recommended number of observatiqns
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on which to bage a factor analysis (Thurstone, 1947; Fruch-
ter, 1954), The factor analyses carried out in this study,
on the rating scoreg agssigned to a student, were based on
the average of several ratlings or observations, Therefore,
the factor analysis was actually based on more obgervatlons
than the number of students in the department, However,
since the primary ourpcse of the factor analysis was ex-
plbratory and the factors were to be used more as a means of
gathering insight than to establish a theoretical framework,
the factor analyses were conducted with the small number of
cases,

The very high intercorrelations between all the rated.
performance variables suggested a strong '"halo" effect be-
tween the tralts measures 1in this study. The raters could
not distinguish between the traits selected using the rating
methods provided, This could be due to the fact that only
one general performance factor exists in graduate school
performance, This study did not prove that graduate school
performance is in fact unidimensional, The results 4did
clearly indicate that these raters using the rating tech-
niques employed to evaluate these tralts of graduate per-
formance could not identlfy any factors except the general
overall performance factor,

Putting the traits to be rated on separate rating forms
and administering these forms on separate occasions could

possibly eliminate some of the "halo” between ratings om
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these tralts, More detalled instruction to the raters and
some method of inereasing rater motivation and increasing
understanding of the rating purposes might also contribute

to reduce the intercorrelations among the rated variables,

Validity
The validities obtalned in thils study were very high

for validlties in the graduate school context, Considering
the crudeness of the criterion and the fsct that most of the
students took the test under "unmotivated® conditions, 1t

is very probable that the validities are lower bound esti-
mates of the "true" relationship between these variables,

An interesting fact to note in Table 9 is that in the
twvo departments with the heaviest mathematical and numerical
‘emphasis, Civil Engineering and Industrial Engineering, the
gquantitative scores had no relationship with performance,
However, there was a definite, positlive correlation between
verbal scores and per formance, Thils lack of relationship
between quantitative scores and performance was probably
caused by the restriction of range in quantitative score
due to natural selection, The emnhaslis that these curri-
cula place on mathematles courses has caused the low nu-
merical abllity students to be eliminated, The students
who survive the undergraduate mathematlecs and engineering
curricula and are admitted to graduate school are all highly
qualified to handle quénéitative and numerical problems,
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The low relationship between quantitative ability and per-.
formance does not indicate that quantitative abllity 1s
irrelevant to success in these engineering departments, The
students in these two departments had the necegsary level
of quantitative abillity to survive in these curricula and
this level of ability 1s so high that it precluded the
possibility of obtaining & significant correlation between
this narrow, upper range of test scores and the performance
measures, | R

Theée two departménts should establish minimum scores
on the quantitative section of the test which would be
necessary for a student to be consldered for admission,
This level of test score should be around the present 10th
to 20th percentile for quantitative scores in the respective
departments, Quantitative scores above this minimum level
would not be effective in selecting the best posslible stu-
dents, Verbal scores or other admissions criterla would
have to be used for thils purpose, <Quantitative scores are
a good rejection device in these two departments but will |
not be of much help in making positive selectlon decislons, -

The same phenomenon of selectlon caused the restricted
range in test scores in Industrial Psychology, The restricted
range hefe was not caused as much by natural selection as 1t
wags by the fact that test scores were used to make admission

decisions, Students scoring low on the test were never ad-

mitted to gradvate study,
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Industrial Psychology had carried out a previous vall-
dity study and they were well satisfied with the contribu-
tion that the test wastaking to the selection procedure,
The low validities indicated that, within the range of
scores for this department, increased predlctive efflclency
for the test could not be realized,

Tables 10 through 20 are Expectancy Charts which demon-
gstrate the probability that an applying student, with’a
given test score, will exceed the present medlan perform-
ance level in the indicated department, For example, in
Table 10 for Agronomy, a student scoring above 640 on the
Quantitative section has a probability of .67 of exceeding
the present median performance level in Agronomy., A student
with a test score between 480-530 has a probabllity of ,43
of exceeding the median performance level,

Each test score range in these tables was the range
agsoclated with 20% of the students in that department,

For Agronomy, in Table 10, 20% of the students scored below
480 on the Quantitative section of the test, 20% scored
between 480-530, and so on up to the top 20% who scored
above 640,

The test score distributions on which these charts
were based were theoretical dlstributlons based‘on the mean
and standard deviation of the scores obtained from the stu-
dents in that department, Thils procedure suggested by

Lawshe et a1 (1958) eliminates some of the minor Aincon-
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Table 10

Expectancy Chart: Agronomy

Probability that a Student with the Indicated Test Scores will be Rated

'Above the Present Median Performance Level in Agronomy

- [Quantitative
Test Scores

Above
640

Probability of being rated above the present median performance level

.67

590-630

540-580

Below
480"

.50 60 .70 .80 .90 1. 00
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Table 11

Expectancy Chart: Chemistry

Probability that a Student with the Indicated Test Scores will be Rated

Above the Present Median Performance Level in Chemistry

Quantitative| pyopapility of being rated above the present median performance level

Test Scores

Above

700

640-690

- 580-630

520-570

Below

520

1. 00




56

Table 12

Expectancy Chart: Chemistry

Probability that a Student with the Indicated Test Scores will be Rated

Above the Present Median Performance Level in Chemistry

¢ Verbal

Test Scores Probability of being 1tated above the present median performancelevel

. 04

540-590 . 56

490-530

430-480

Below
430

60 .70 .80 .90  1.00




Table 13

Expectancy Chart: Civil Engineering

Probability that a Student with the"ﬁdicated Test Scores will be Rated

Above the Present Median Performdnce Level in Civil Engineering

Verbal

Test Scores Probability of being rat,e'qv abp‘ve the 'presgnt median performance level

Above s R AR (I o TR e BN T e
590 R BT

550-580

520=540

440-510

Below
440

.70 . 80 . 90 1. 00
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Table 14

Expectancy Chart: Industrial Engineering

Probability that a Student with the Indicated Test Scores will be Rated

Above the Present Median Performance Level in Industrial Engineering

Verbal
Test Scores

Above
610

Probability of being rated above the present median performance level

550-600

490-540

430-480

Below
430

. 90 1. 00
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Table 15

Expectancy Chart: Pharmacy

Probability that a Student with the Indicated Test Scores will be Rated

Above the Present Median Performance Level in Pharmacy

Quantitativ
Test Score

jProbability of being rated above the present median performance leve‘ill

Above

680 .73

620-670

570-610

510-560

Below
510

.70 80 .90

1. 00




Table 16

Expectancy Chart: Clinical Psychology

Probability that a Student with the Indicated Test Scores will be Rated

Above the Present Median Performance Level in Clinical Psychology

Verbal
Test Score

J Probability of being rated above the present median performance level

Above
670

.68

630-660

580-620

530-570

Below
520

.70

. 80

. 90

1.

00
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Table 17

Expectancy Chart: Experimental Psychology

Probability that a Student with the Indicated Test Scores will be Rated Above

the Present Median Performance Level in Experimental Psychology

|Quantitativel p,. opapility of being rated above the present median performance levell
Test Scores

670 N - O 2

| 610-660

560-600

510-550 S

Below
510 , N 1 18
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Table 18

Expectancy Chart: Experimental Psychology

Probability that a Student with the Indicated Test Scores will be Rated Above

the Present Median Performance Level in Experimental Psychology

Verbal
Test Score

JProbability of being rated above the present median performance level

Above

670 S I N .76

630-660 61

590-620 .

s50-5s0 (N -

Below

550

40 50 .60

-3
O

. 80

O
(=)

1.

00
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Table 19

Expectancy Chart: Sociology

Probability that a Student with the Indicated Test Scores will be Rated

Above the Present Median Performance Level in Sociology

Quantitativ
Test Score

600 N © |

jProbability of being rated above the present median performancelevel

540-590

480-530

s20-470 [ | ¢

Below i
420 v - 1 0
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Table 20

Expectancy Chart: Sociology

Probability that a Student with the Indicated Test Scores will be Rated

Above the Present Median Performance Level in Sociology

Verbal Probability of being rated above the present median performance level]

Above
630

71

590-620

550-580

5 l 0- 540 : n‘»— oot i AT R i S AR ‘. t« T | :‘.V!u:_ , o ,‘ ,- ‘. 42 ’ .

Below Lo

. 10 .20 . 30 . 40 .50 .60 .70

. 80

. 90

1.

00
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venlences in 1nterpretatioh that arise when empirically de-
rived score distributions are used, Further research of
this procedure by Tiffin and Vincent (1960) has verified

the conclusions and recommendations of Lawshe et al in their

paper,

Recommendationg

It 18 recommended that the departments involved in this
study require applicants to submit test scores on the Gradu-
ate Record Examination Aptitude Test as part of the admission
procedure, These departments should establish minimum re-
quired scores for admisslion of applicants, Most departments
could eliminate a large proportion of their low-performing
and unsuccessful students by establishing minimum cut-off
gcores around the 20th percentile of test scores within
their respective departments., Except for the Civil Engi-
neering and Industrial Engineering departments, these cut-
off scores should only be established and used with that
section of the tegt which had a significant relationship

with performance,



SUMMARY

The primary nurpose of this studj was tolinvestigate
the relationship between various criterla of academic and
research performance in graduate school and scores on the
Aptitude Test of the Graduate Record Exemination, The
secondary purpose was to determine the factor structure of
the various criterla of succese in graduate gschool,

Using grade polnt averages and faculty ratings of
various tralts of graduate student performance, only one
overall, general performance factor was found, All of the
performanceé measures were highly intercofrelated and there
wag not even a suggestion of a second factor of graduate
school performance,

Scoreg on the Graduate Record Examination Aptitude
Test were significantly and posltively related to the
overall performance factor, It was concluded that the
Aptltude Test would be a useful and reliable addition to
the selecticn procedure for the departments involved in

this study.

66
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Graduate Record Examination Aptitude Test Norms

Based on 80 Foreign Students from Non-English

Speaking Countries

Quantltative Scores Percentille Verbal Scores FPercentile
840 99 580 99
820 Q9 560 o7
800 o7 540 96
780 96 520 95
760 a5 500 91
740 92 480 86
720 88 460 84
700 87 440 82
680 86 420 79
660 82 400 73
640 75 380 65
620 73 360 57
600 63 340 46
580 52 320 32
560 49 300 29
540 47 280 19
520 38 260 13
500 33 240 9
480 23
460 13
440 7
420 6
400 4
380 1




Table 22
Graduate Record Examination Aptitude Test Score Norms

Based on 850 Enrolled Purdue Graduate Students to September

1959%
Quantitative Verbal ,
Scores Percentile Scores Percentile
900 800
880 99 - 880
860 99 860
840 98 840
820 97 820
800 95 800 99
780 93 780 99
760 90 760 99
740 86 740 29
720 84 720 98
700 79 700 95
680 70 680 91
860 85 660 87
640 60 640 81
620 52 620 76
600 46 600 74
580 39 580 63
560 34 560 56
540 28 540 46
520 22 520 38
500 18 500 32
480 14 480 25
460 9 460 18
440 6 440 13
420 5 420 9
400 4 400 7
380 3 380 5
360 2 360 4
340 1 340 2
320 1 320 1

#Foreign Students not included,
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Professor

The Purdus_Research Foundstion and the Graduate 3chool are apdnsoringl
& study ﬁo improié'selection techniques for grnduéﬁe'studenta at Purdue,
The Industrial Enginearing Department and the Paychology Department are
cooperating to investigate the vilue of the Aptituds Test of the Graduate
‘Record Examination for pnredjcting success in graduste work in Industriai
Engineexring.

Grade Point indexes ore e measure of the student®s suceess in graduwaie
school, but it is feli, o¥pcclally in Industrisl Engincering that somé
measures of self-dirccticn and researcnh ability ars nesded to evaluats a
student's perform:mnce. Jor Lhis reason we are aaging you to complete the
entlosed rating forms. Only the situdents whom you indicated you could
~eveluabe are included.

On the B" x 10" rellug forme describs omch student by placing @ cbeck
aftar sach trait to hs e¢valiated, in th- box that most nearly represents
your evaluation of too cuviding, Compare sach student with all gradus te
gtudenta you have know:n.

There i5 slso & Juok o IBM cards with twe names on each card, Place
@ pancil check mark undsr ©! 2 nime of the student you consider to be the
better student of the puir. Hake your judgéleni on tre basis of over all
performance in graduste wors Including ressarch,

Pisasa return both sots of ratings to Dr. J.H. Gresne at your earlist
¢cﬁvéniaﬂce¢ Thank you for your cooperatien, =

Sincerely,

' Dr. D.C. King
Robert Basco




Student

m

Rater

A typical group should be distributed
like this:

Below Above Unusually: Out
Average | Average Average Good Good Standing
Lower 40% Middle Next 15% | Next 10% | Next 10% Top 5%
20%

His degree of mastery of the fundamental
knowledge in his field

His possession of a fertile imagination
and originality in his field

His self-reliance and independence in
his work

His motivation toward a successful
produyctive career

His ability to plan and design research in

his field

His ability to carry out research in his

field

In the rating scales below please describe the student by checking the box that most nearly represents your global
evaluation of the student. Compare this student with all other graduate students with whom you have recently had
contact. How do you regard him in terms of his overall graduate performance?

Below Above Unusually
Average Average Average Good Good
Lower 40% Middle 20% Next 15% Next 10% Next 10%

Out
Standing

Top 5%

I at the time of this student's application for admission, you knew that he was to perform in graduate work as he has,
what recommendation would you have made concerning his admission to graduate study in your department? Check the
one category below that most nearly describes the action you would have recommended.

Admission denied

Conditional Admission
as a Master's
candidate only

Admission as «
Master's candidate
only

Conditional Admission
as a Ph.D. candidate

Admission as a

Ph.D. candidate




Example of Palired Cémparison Rating Form
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