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ABSTRACT v
' The Graduate Recoxd Examinaticms (GEE) aptitu&e and
Advanced Tests were evaluated as predictcrs of & dichotcecus
criterion of whether Or not the candidéte attaired the doctoratd
within a specified length of time. More specifically, the project -
attempt ed to define sutgroups for which .tke GRE tests have varying
degrees of validity, and to provide bicgraghical prefiles of each
subgroup as well as. the optimal predictive ‘eguaticn fcr thcse
subgroups. The GRE-Advanced tests were ccnsistently fcund to be the
best predictors of rh.D, attainmegt. However, tte predictive accuracy
of the GRE-Advanced test varied ccnsiderakly acrcss graduste fields

" and in éne case within a gradvate field. That is, prediction on thé
whole was considerably more accurate in tte ™hard science® graduate
arefls of mathematics: and chemistry thar in psychclcgy. ®ithin the-
psvchoLoqr area, there, was a "a" shaped relaticoship betueen .
predictdbi lity rand a That is, the total sasple regression equation
led to greater predzctive accuracy for the ycunger and the older age
groups. The middle age group (25-26 yeaLs old) was nct crly less
predictable, tut the errcrs in predicticn tended to lead to

.underestlmaxzon of their actual rate cf Eh. D. attaznment.
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THE IDENTIFICATION OF .POPULATION MODERATORS -
AND THEIR EFFECT ON THE PREDICTION OF
DOCTORATE AETAINHENT

Donald A. Rock

oAbstraEt"

The immediate focus of this research project was'to evalgate
the potential of GRE aptitude and advanced tests as predictqrs of a
dichotomous criteriom of whether or, mot the .candidate attained the
doctorate within a specified length of time. More specifically the
project attempted to: (1) define subgroups for which the GRE tests
have varying degrees of validity, and (2) provide-biographical pro-
files of each’' subgroup as well as the optimal predictive equation

for those subgroups‘ . .o
. - . .

- It was found that the GRE-advanced tests were consistently thé
best predictors of a criterion-of Ph.D. attainment. However, the -
predictive acéuracy of the GRE-advanced test varied cofisiderably
across graduate fields and in'one cage within a graduate field.

" That is, prediction on, the whole was considerably more accurate

in the "hard science" graduate areas of Mathematics and Chemistry
than in Psychology. Within the psychology area there was a ''U"
shaped relationship between predictability and age . - That i’ the
total sample regression equation led to greater predictive accuracy
for the "younger" and the "older" age groups. The "middle"” age
group was not only less predictable but the errors in prediction
tend to lead to underestimation of their actual ratke of Ph.D/
attainment. Thus, Yhe "middle™ age group was characterized by
over-achievement. C - ’
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THE IDENTIFICATION OF POPULATION MODERATORS -
THEIR EFFECT ON THE PREDICTION OF
DOCTORATE ATTAINMENT!

Donald A. Rock

Introduction

- - . N

Researchers aeeking to demonstrate the validity of test scores

for predicting graduate school performance have encountered a mumber _

of operation&l as well as logical difficulties. Reilly (1971) lists
three major difficulties. These are: (1) the small mmsvpmm usually
available which in turp lead to unstable estimates of the wmﬂmamnmﬂm‘
(2) homogeneity of the sample itself due to previous selection with
respect to ability and, achievement Variables, and (3) .the establish—
ment of an adequate criterioh. OGraduate grade point average (GPA),
while being thé more accessible criterion, has also been the most
severely criticized. Lannholm et al., (1968), probably levels €he
most valid and serious criticism of GPA when he concludes that it
repregents only a limited aspect of graduate school per formance.
It is also subject to an understandable unwillingness on the part of
faculty to discriminate among individualsg all of whom are members of
a2 highly selected population. . ‘

The most desirable criterion, of course, would be some measure
of achievement as a scientist. Aside from the logical difficulties

in arriving at any sort of agreement as to what is a relevant measure

of scientific achievement, we are, faced a»nr the operational problem
of time lapse which must pgcur before such data can be collected.

Arr alternative criterion of a more dntermediate nature is whether or
not one has attained his or her doctorate within a’ reasonable period
of time. Attaimment versys non-attaimment of the doctorate is ‘
appealing on loglcal grounds ,eince: (1) it is one test of the effec-
tiveness of the overall selection process i.e., the decision to admit
a student to graduate education or to admit him to candidacy for a
higher degree implies an expectation that his formal graduate educa-
tion will be completed. The pttaimment of the doctorate degree is
the primary indicator that h .an expectation has been fulfilled;
and (2) more often than not attaimment of the doctoraté is a neces-
sary namlamnc»mwnm to mm»sw:m entry, into the gcientific-academic
arena. From an operational viewpoint doctorate attainment is nmmmwpw
quantifiable and, of course, requires less time to mature than "on
the job" measures of effectiveness. One criticiem, however, is that
it lacks sensitivity in the sense that it cannot take into account
the various qualitative levels of performance among individuals
attaining or not attaining the Ph.D. Although the latter criticism
may well be valid, it was felt that the ease of quantification, and

avallability were sufficiently compelling reasons for its use in
this study. It was also felt that if it was*sufficiently lacking 'in
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sensitivity, this ia turn would be reflected in the relative level
of itg predictability. ' ‘?e .

3

& . Creager (1965) examined the relationship between doctorate
attaimment angd the GRE tests for NSF applicants and found modest
but significant relationships between the tests and the criteria,
Creager and Harmon (1966) report a study of the validity of both
tests and quality ratings against a mymber of diiferent criteria
ifcludtng doctorate atfainment, publication counts, citation couhfits,
on the job ratings, and 'a composite criterion. The report validi-
ties rsnging from ,11 to .39, the highest validities being for the
composite criterion,
The” immediate focus of this research project was to evaluate -
the potential of GRE aptitude and advanced tests as predictors of a
dichotomous criterion of whether or not the candidate attained the
doctorate within a specified length of time, Morg specifically, the
projeat attemptéd to: (1) define subgroups for which the GRE tests
have varying degrees of validity and (2) provide biographical pro- -
files of. each sub roup as well as the optimal predictive equation
for those subgroué%
This initial or predictive phase outlined above was then supple-
mented by a second or "explanatory" phase. This second phase is
egsentlally a odel building process in which path analysis methods
" (Wright, 1934; Blalock, 1961) were used to trace the "causal"™ role
_of the GRE tests in’ the decision-making process at time of application
" ag well a8 their direct and indirect impact on Ph.D. dttaimment. The.
"use of path models rather than straight predictive models allows the
.. model builder to inclnde other salient variables in the model which
may influence:-ocutcomes such as -Ph.D. attaimment but which would be
operatdonally impractical in the more limited prediction medel. For
example, if we are interested in predicting Ph.D. attainment for any
glvédn individual at a particular university, it is the individual's
characteristics.which would focus on and not envirommental charac-
teristics of that, particylar university. In this type of prediction
model it 1s, of course, assumed that envirommerftal characteristics
are constant for gll individuals in 'd department at a particular
university. -

“

* However, in the interpretive or explanatory path model used in

this study, we attempted to.estimaté the direct and indirect effects
of the aptitude-achievement measures on Ph.D. attaimment when analyzed
. ip conjunction with graduate department quality indices (Cartter, 1964)
and relevant variables available on the applicant. -

. ' 1 .

Hetbgdology
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{ Approximately 1,000 NSF applicant records in the areas of
'1Psycholﬁgy, Chemistry, and Mathematics were collected from the
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msrging of the Doctorate Records File and the Office of Scientific
Personnel (OSP) tape of the National Sglence Foundation applicants.
These file recérds indicated time to .D. and, of colirse, whether

or not théy received one. Additional blographical information avail-
able in the Doctorate Records File &nd oo the OSP tape included sex,
age, marital status, number of depeﬁdents; number of NSF applications
made, and awarda received. The OSP yecords also provided Office of
Edncation codes for the institutionm gach applicang had chgsen for '

graduate study. . . .
o .

Predictor information available fyom the 0SP records: {ncluded
the®GRE teats scores--verbal, quantitative, and advanced~-as well
as undergraduate grade point average and reference report average.
The ¥eference report average (Harmon, 1966) is a quantifitation of
an overall rating of the reference letters submitted in behalf of
@n NSF applicant. The Doctorate Records File had additional infor-
mation on father's and mothep's education, but was too incomplete to
be useful for this study. o

‘ .

The criterion of doctorate attaimment required a judgment to be
made concerning the time lapse to be allowed before assigning an
individpal to ‘the attainment versus non-attainment category. It is,
of course, rare that one completes a doctordte within three years.
after the baccalaureate., In the sclence fields the mean time lapse
is dpproximately eight years {Creager, 1965), with greater deviatiors
above the mean than below. If time were ‘gllowed for almost everyoné
to complete a doctorat%, the study pight well suffer on both opera-
tional as well as rational grounds. That i;; not only would more of
the people attaining doctorates have more time out and extensive. .
study time (Ehuﬂ?complicating the interpretation), but more Persons
of low measured ability wolild have achieved a doctorate under’ v
bossibly lower standards of dissertatior’ and course quality., From
the viewpoint of efficient use of resources as well as cost.of
graduate education, it wolild seem to be desirable to select those
individuals capable of successfully fitishing the programkin a .
reasonable amount of time, Conversely| too short a time lapse would
elimigate many high quality people, possibly those very able persons
who take on more ambithous dissertation projects and/or more difficult
course offerings. . C ¢

These considerations lead, for criterion definition purposes,’ tp

.setting limited cutoff times for doctorate completion. The ‘doctorfte *
completion cutoff was June 1968. Since most of the sybjects. iicitded
applied for first-year fellowships in 1958-1961, they had-seven tq
ten years from fellowship application time to attain their do@?brate.

Y,

The matching and merging”of the OSP’ and Doctorate Repords File
was completed at the Office of Scientific Personnél. The merged tape
was then sent. to the Educationgl Testimng Servicé for. analysis. Before
analysis,.additional information was compiled on the characteristics of
hot '




* the institution chosen for graduate study. Cagtter's (1964) report
on the quality of graduate deﬁaftments furnished the quality indices
which were then asgigned to each candidate according to the ranking

of the department which he attended. Additional institutional quality’
information was also collected from an Office of Education tape which
included such information as: (1) proportion of faculty with doctorate,
(2) per student expenditure, (3) number of books in the library, (4)
income per student, "and (5) faculty-student ratios. These particulat
"quality indices" suffer from the fact that they apply to the total
institutfon and thus are not necessarily an accurate picture of the®
graduate gchool or, more specifically, the graduate department itself.

' .

3

Within each major field, the sample was split. into two random
halves feor validation and cross—validation purposes. The data was .
then analyzed using the moderated regression technique (Rock et al.,
1967). This technique not only furnishes the researcher with the
dsual-multiple regression validity information, but also searches for
consistent biographical patterns assoclated-with "types" of individuals
who, in turn, are characterized by varying levels of predictability.
For example, this type of analysis enables one to determime if any
one subgroup—such #5 older NSF applicantg-~should have a different
prediction equation than another subgroup. The moderated regression
‘technique allows the researcher to hypothesize up to five moderators
or ggpuping variables at one time. First it will form subgroups on
each moderatdt singly and then it will form groups based -on similar
profiles baséd on combinations of moderators. For example, if the
moderated reg esgion technique were used with two peossible moderators
such as age and depar;ment quality index, it might identify a group
©f plder indiuiduala attending low quality graduate departments who
are unpredictaple wiph respect to Ph.D. attainment when GRE-test
scores were used ag” pradictors. Since this technique requires
complete information, the sample sizes were reduced to 7798, 845;
and 643, for Pskchology, Mathematicsy .and Chemistry, vespectively.

Within eacﬂ graduate discipline the moderated regression was
run first on theivalidation sample, This:analysis led to subgroups
characterized by%differential predictive accuracy.

/ Potential moﬁerators which were analyzed with respect to their
impact on accuraci of prediction were age, sex, marital status,
university quality indices, and graduate department quality indices.
Students attendiné.the same Institution were assigned that

A \ ’
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| 1 "
E;.Analyses in Psycuglog§ were based on a total of 930 observations
when department qualiry indices were not part of the analysis. This
was due to the fact ithat a substantdal number of cases had to be
dropped when the quality indices were included. . g
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’ particular institution's quality ratings. as well as department ratings,
Those moderatora which grouped individuﬂés intb subgroups, on the valida-
tion sample thich in tyrn were character4zed by differential preﬂiction)
were selected for replication on the cross-validation sample. That is,
groups were formed within the crosa-validation éample which had similar
profiles to the differentially prediétable groups from the first sample,

. Then the appropriate group as well as total equations were applied to
these corresponding gréups in the cross-validation sample im an effort’
to determine if differential predictability was a stable characteristic
of these variousqsubgroupsﬂf

Results and Discussion

Pgychology - . R ‘. . ’ !

éex had little or no effect as a moderator, but proved to be a
good predictor of Ph.D.' attainment. As Indicated in Table 1, sex has

L]
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Insert Table.l abput here

i
o

the highest single variable correlation with the crigerion (-.45 in
Sample 1 and -.34 in Sample 2) among all the potentlal predictors or
moderatora. The negative sign indicated that women are less likely to
attain thelr doctorate in Psychology than are men. Purther inspettion
of Table 1 indicates that the test varlables (GRE-~Verbal, Quantitative,
and Advanced), one college quality index (department rating), reference
average, and number of NSF applications have comnsistent (non-zeto in
both samples) relationships with the criterion. The department %ating's
relationship with the criterion carries a negative sign, since the
quality code indices range ‘from one to four, with one signifying the
highest--quality and four the pgorest quality. The remaining institution -
quality indices appear to be too géneral and thus d¢ not necessarily
reflect the quality of the Psychology departments, The correlatio
between the department, rating and the college guality indices rané%

from a low of ~.13 for percentage of faculty with the Ph.D., to a high
of -,51 for income per student, indicating a large proportion of the
variance 1n the department rating, is not accounted for by the more

“‘ general quality indices. -

The relatively Eﬁ;h correlation between the number of NSF applica-

nlons made and Ph.D._dattadnment is somewhat artifactual, gince a large
gbrcentage of the NSF applicatits in this study were reqpired to reappl
for their grant- every year. Many of those students who did-not reapply ™
may have elther dropped out of the program or possibly felt that their
past performsnce record would not be supportive of 2 grant extension.

- Thus applications made may be considered an intermediate progress

- report on the way to the-Ph.D. in Psychology.

s
&




»Honm the vnmannnOn tests, Advariced Psychology appears to have the
wore ooumnmnmun nmwmnnOﬂmrmvm with the criterion when considered across
both samples, Undergraduate grade,polnt average had a ‘syrprisingly low
predictive validity with respect to Ph.D. attaipment,

- -

Insert Table 2 about here

d F -

Table 2 shows the results of the moderated regression analysis on
Sample 1 and its cross-validation on Sample 2, The total column of
Table 1 indicates the multiple correlations between the five.predictor
(GRE-Verbal, ocmununmnw¢m. d Advanced, caamnmnmacmnm grade point .
average, “and reference nmvonﬂ average) mua the dichotomous criterion of
whether or not they achleved their doctorate. Similar interpretotion
applies to the remaining columns, except that within each’'group there
are now two correlations. - The correlation based on the group equation
indicates the strength of the relationship between the criterion and
the five predictors when the weights for the predictors are based only
on information unique to that.grodp. This, of course, 1is the pptimal
prediction equation for that group.' The total equation correlations are
also presented within each group.y The weights for the predictors here
are, of course, based on the total sample and in general will not be *
optimal .for any patticular subgroup, ‘They are of particular interest
since they indicate the differential predictive accuracy that might
occur within a subgroup when an overall equation is used, which is the
normal vﬁoomacﬂm in a selection situation, Considering nrm restricted
nature of the sample, i.e,, NSF applicants, it would seem that the
overall multiple of .33 in Sample 1 is quite respectable. )

Of :the bloggaphical data for the Psychology students, only age
level led to a consistent pattern of ddfferential predictability; that
is, the pattern from Sample 1 was replicated in Sample 2. It is .
interesting to note that there is a "U" sKaped relationship between age
and vnmawnnmvuwunw. That 1s, the relatively young,and the relatively
older groups were ooumnamﬂmVH% more predictable that the 25- and 26~
year old mvvanmﬁnm. However, the oldest group appears to be the one
group we can most accurately vanHOn. whether using the total or group

equation. Although the oldest group appears to be the md&t predictable,
they have the smaller probability of getting their doctorate, That is,
"while almost f£ifty percent of each of the remaining-age groups~did
obtain their doctorate within the specified time, only twenty-eight
percent of the older group did likewise,

Humvmnnnmu of the means on Table 3 for the predictor scores for

- - -

-

Ingert Table u-mvocn here
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the varioua age rﬁupa indicated that both the older and the "middle" age
groups had Eimila tmeans, both of which are consistently lower than the .
youngest group. us, the "middle" age group, although the least predict-
able group, 1s similar to the most predictable .group (the oldest group) '
+ with respect to ability as measured by test scores. Sutprisingly, how-
ever, the "middle” age group (25- and 26-year olds) consistently produces
a greater proportion of doctorates than either the younger or the older
groups. The '"middle group" 1s also characterized by a lo&er undergraduate
grade point average  than ‘gither of the remaihing predictable groups. '
" Since the "middlg" age group tends to have lower predictor scores-on the
average, yet possesses the highest level of Ph.D. attaimment, they are
generally underpredicted whefi the overall equation 1is uysed. Thus they
are what 1ia commonly referred to as overachievera in the paychqmetric
1iterature. Lot . SRR
- It may well be that the 25- and 26=year olds have overbome their
“ somewhat mediocre ability-achilevement crefentials by a higher level of ~ -
motivation and’ comsequently hayve a higher rate of Ph.D. attainment.
Unfortunately, we do not have the data to determine what, if any, other
. ageure}ated characteristica are operating here. These fihdinga of
di¥ferential predictive accuracy as well as possible motivational e
differences point out the need for more bilographicael -infotmation aboyt
,graduate applicants 1f we are to understand and/or infer the causal
pa/pern underlyi®® their differential performance,. .

T

. Tabl& 4 presents the results when the moderated regression was

Insert ‘Tgble 4 about here

* L]

ueed to search for patterns among thd’inatitubional quality indices which
, might lead to conaistent patterns of predictability and/or’ unpredictability.
Unfortunately, since the moderated regression requires complete data, 'a
number of cases had to be dropped from this part of theranalyaia because
they were missing one or more institutional quality indices.
As in the case of the biographical variables, only one quality index

to a replicable pattern of differential predictability. That is, there
is g slight but seemingly consistent tendency for students attending "low
quality" Psychology departments to be more predictable. This resuft
certainly comee as no surprise, since the so-called 'higher glality"
achools are more selective of applicants with respect to the GRE teat
scores and thus attaiwment of the Ph.D. 1s 1ikely to depend on some
measured quality. It 1s, however, interesting to note that at the "l

f quality" ?sychology departmente, the probability of obtaining the Ph.
is consistently lesa than at the "higher quality" departments.

F

Table 5 presents results when grouping was doné on both age and the
" L]

*
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. !nae‘rl:“-'l‘able 5 about here

L] L .
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departmental quality.index. Alth¢uéh4the pattern’ of pnedictability is

- less clear. cut, th.;e réemains-a tendency for the older stgﬂeptp attend-
ing "lpwer quality'® institutidns to be more pfedictable. ~In this
four-way break-out’, the sample sizes are rather small and the resulting
instability of the parameter estimates makes any further interpretations

of these results rather tenuous: . %

*

K i

In order to .determine the utility oS age and departmental quality
as potential predictors, they were incorporated into stepwise prediction
equations in both theiy .1inear rm and as bi—Iinear crosg products with-
tHe remaining'E?édictors. In no form did they congistently lead to an
-increment in predictiof) over the original five predictérs (GRE—Verbal,.
Quantitative, and Advanced UGGPA, and reference repoft aVErage)

It would appear that for NSF applicants in Psychblogy, the utility
of age Anformation lies primarily in separating out .thode individuals .
for whom: (1) we have varying degiees of confidence in their ‘predicted :
or expected achievement ,(in 'this case, Ph.D. attainment), and (2)

motivational levels may differ. -

The reSults also suggest that where.there yas differential prediction,
the overall equation used within the groups was not noticeablg inferior to
the unique group equatien with respect to predictive accuracy. This-
suggests that differgnt weightings of the same predictor variables for
dif ferent types of people (older versus younger, etc.) does not appear to
be the answer. That 18, some individualé seemed to be more or less .
predictable regardless of whether you use overall ¥eights or their P1% ¢
unique weights. It is possible that entirely different predictor measures’
must'be developed for the "unpredictable people. This, pf course, is
beyond the Bcope of this study. . .

" -
Mathematics - ' - . ‘A

+

Table 6 presents the single variable validity coeffictents for the
. - a -r a

”
Ingert Table 6 about here

.
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predictora and potential mdderators or grol ing variables. In general
it eppears that the criterion of Ph.D. att et in Mathématics 1s con-
siderably ‘more predictable from achievem aptitude measures than was
found to be the case in Psychology. Of cular interest in'Table 6
are, the correlations of .38 and .44 fg; the ?Advanced Mathematics test

egainet the criterion for Sample 2 an 2,’respectiv$ly. The GRE-Verbal
* ~ ) - ﬁ“' _'t‘ % ! \ .
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and Quantitative, as well as undergraduate grade point average, have re~
spectable although lower relationships with the criterion, Institutional
quality indices such as income per student, faculty per student, and .
departmental quality index, also demonstrate stronger*relationships with
Ph.Ds attairment in Mathematics. It may well be that the successful . .
- completion of the Ph.D. program in Mathematics depends upon the assimi-
lation of a relatively structured body of knowledge which in turn leada

. to more accurafe assessments of any one individual's standing with
respect to this body of kncwledge.

Table 7 shows the differentiél prediction by age groups.  The

.

Insert Table 7 about here

$

‘multiple, correlation between the five predictors (GRE-Verbal, Quantita-
tive, and Advanced, ..dergraduate grade point average, and reference
report average) and Ph.D. attainment 18 a quite respectable .40 in
Sample 1 and cross-validates to a surprising .44 in Sample 2. Further
inspection of Table 7 indicates that there is little or no consistent
differential prediction by agé grdup.  Unlike Psychology, there is a -
linear relationship between age and Ph.D. attainment. That 1s, the
clder the NSF applicant, the less likely he .is to attain his doctorate
within the cutoff - time of.this study. As in Psychology, the "middle"”
and "older" NSF applicants had similar.aptitude-achievement test scores,
and when considered 48 a whole had consistently lower test scores than
the younger candidates. ’I'he one exceptlon to the above findings was the
Advanced test, where.the "older" NSF candidates were not only lower than
the, younger candidates, but were also one-half standard deviation below
the "middle" age candidates. .

Table 8 preaents the muItible‘correlations within groups based on

-

- . R
Insert Table 8 about here

departmental quality indices. As with age, there does mndt ‘seem to be
any. cénsistent pattern of differential predictabiliry.

Table 9 shows the multiple correlationa yithin‘groups based on the

Insért Table.9 apopt here - - i

-

»

departmental'qudlity index and'age. With one exception, there appears %o
be 1little differential predictability within these groups. »Somewhat
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surprisingly, the young who attend "lower quality” departmente appesar to
be characterized by greater predictability than the® remaining groups. *

In general, the mean ability-achievement scores for this group are below
that of both the "high quality” young and the "high qualit}" old, but
slightly above those of 'the "low quality” old group. Because the ''low
quality” young group size 1s so small, any further interpretation 14
probably unwarranted. As one would expect, the criterion means in Table
9 indicate that the young applicants who attend institytions with "high
quality" departments are much more likely to attain the doctorate than
are the older NSF candidates who attend institutions characterized by
"low quality" Mathematics departments.. When age was included as a ’
predictor, no increment was found in predictive accuracy above ‘that
which resulted from the use of the original five predictors,.

" Chemistry

The singie variable validity coefficients for the cﬁemistry megsures
are similar both in level and pattern to those of the Mathematics NSF
applicants. As in Mathematics, the GRE-Advanced test is the one best pre-

Insert Table 10 about here

.
% .

dictor in both samples, However, among the Chemistry NSF applicants,

undergraduate average, reference report average, and age demonstrate - .
somewhat higher relationships with Ph.D. attainment than do their counter-
parts for the Mathematics applicants, In general, the level of correla-
tions found in Chemistry yleld additional support for tha hypothesis that
the so-called "hard sciences” may provide a more measurable domain with
respect to criteria of success as well as measures of past achievements
or aptitudgs. It is also quite possible that it is easier to specify the
necegsary skills which are prerequeeite to success {Ph.D. attainment, in
this case) in the "hard sciences.' .

. .
Table 11 presents the differential prediction results by age groups

’

Ingert Table 11 about here

-
kl

-

for the Chemistry NSF-applicants. As in the case of the Mathematics
applicants, there appears to be little consistent differential prediction.
Prediction for Sample 1 is relatively strong considering £he somewhat
restricted nature of the sample. Surprisingly enough, the cross-validated
multiple correlations incredsed from ,39 in Sample 1 to .53 in Sample 2.

4 considerably larger proportion of the NSF applicants in Chemistry
do attain their Ph.D. than the Psychology and Mathematics NSF applicants,
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Table 12 presents the differential prediction within gréups based on

t -
" .

by
., . <,

Insert Table 12 about here
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the rated "quality" of their Chemistry'departments. ‘A8 was the case with
age, there 18 little or no consistent ¢ifferentisl prediction(~ Table 13

,ehows the within group multiple correlations ¥hen both quality "indices

[N

¥

Insert Table 13 gbout hg%e.
. .
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and age are uaed a8 moderators. Once agaln, no cqnsistenc pattern of‘-@
differentisl predictive accuracy was evident. It appears that in the twp 3
"hard science" areas of Mathematice and Chemistry, the assimilation of 4
knowledge in their patticular area aa measured by the Advanted sectdon of
the GRE fs the one best predictor of Ph.D. attainment, regardless of age -
group merership or quality of the institution of attendance. o

. Age wae included ag a predictor and unlike Mathematics or‘Péychqlﬁgfﬁ

. 1t did add eignificantly to the prediction. It was the second variable

“ after the GRE-Advanced section to enter the ‘equation. In an effort to
.gain some insight into this relationship, the correlation betweén age and
whether or not the atudent attended on a part-time basis was examined.
This correlation was effectively zero (.02). Thus, the "older" students
in Chemistry are no more likely to attend on a Part-time basis than the
othe¥ age groups.

. pl ‘

N ) .

‘g? The gignificant partial regreasion welght associsted with age
indicates that after the ability-achievement varilables were controlled,
there remained a significgnt amount of variance in age which waa
‘'related to Ph.D. attaloment. ‘It would appear that additional biographi—
"cal information might prove helpful in untangling thie relationéhip.

Pdath H?dels . * : \};E . -
In an effort to interpret the interrélationshipa among the multiple
predictors and departmental quality ratings, as well as to estimate the
relative size'of their direct and indirect effecte on Ph.D. attainment,‘
path models were analyzed. The general implication in path analysis is °
that verbal theories concerning the relationships between certain‘vari-
4bles can be translated into "causal" models involving mathematical
equations, if the direction of Gausality can”be specified. Ir path
analysis, the direction of causality between any two or more variables
may be specified on logical grounds or on the bagsis of temporal sequence.
! The "causal" effect of one variable or another may have two estimable
components: the diract effect\(i.e., unmediated by any third interyening

-




 variable) and the indiréct effect which, of course, musf take into con-
..8lderation intervening vag}ablﬁg. In general, when data 1s collected
longitudinally, many of the measures because of thelr temporal nature
make thetdirection of causality explicit. ;/ﬂ [ '
. . . /
3 Within the three graduate disciplines, fhe same hypothetical path,
model was developed and teated. Figure 1 pfesents the traditional \
-plctorial presentation of the model to be tested. The arrows going in

— —

. /
Ihsert Figure 1 about here

,

k]
oné diraction specify the direction of causality. Arrows between two
variables going ‘1% both directions signify that the direction of

qpuselity could not be determined on rational or temporal grounda. °
£ -

The path coefficients bi are standardized partial regression
coefficients andfare the unknowms to he estimated. The relative size
of any given V91Bh§ (bij) may be interpreted as the relative direct
influence- of the ith variable on the jth variable. "Direct" in the
sense .that it is ! éfinéd as that influence which remains after all
other indepgundent! veriables in the causal equation have been controlled.
For examplgf if B y2 18 twice as large as byj3, then quadlity rating of the

department 1is twice as important an estimatgr_pf Ph.D. attainment as
n

scores on the GRE-Advanced test in determi ng whether or not one attains
the Ph.D. If direction of causality 1s not known, the path coefficilents ~,

are replaced by the simple correlation coefficient.
L] lf

Inspection of Fggure 2 shows xhe compdted Psychology path coeffi-

Insert Figure 2 about here
. .

cients indicating thes "direct” contributions of the variables to the
various dependeht variables in the model. For example, the path coeffi~
cient symbolizing the influence of undergraduate grade point average
(GPA) on’the teference report average, suggest that UGGPA is alhost
twice as important as thé individual's GRE-Advanced score in influencing
the ratings derived from the reference lettera. This suggests that the
refei¥hce letters are often written without knowledge of the GRE-Advanced
‘acores oﬁ the NSF applicant. Although UGGPA has a greater influence on
decision-making concerning yeference ratings, the GRE-Advanced test scores
have by fat the largest single influenc¢e on Ph.D. attaimment.

o3

. The correlation coefficients indiceting the relationships between *
both thelGR%:Advenced tee& scores and UGGPA on the depertmental quality

ratings, indicate that «the GRE-Advanced test scores of the students '
/ E

b

-
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) 'within the departments have a considerably stronger relationship with the

qualffy,rating thap d41d grades in undergraduate school. At this point it
might be lnstructive to point out that the arrows. (indicating direction
of influence)’ were drawn in both directions; that is, quality of depart-
“méntfmay influence both UGGPA and GRE-Advanced test pcores or vice versa.
influence in one case may be interpreted as that good quglity departments
tend-to attract or select students with poth high GRE sc™es and under-
graduate ‘grade point averages. Another interpretation might be that the,
department rating 18" a function of the abllitles of the students who
choose to attend that particular institution. The interpratation chosen
here #s that high quality departments put a greater emphasis on elther

- attracting ,or selecting students with high test.scores than theyldo on
at:;acting students with high grade po{9t aveérages.

Figures 3 and 4 give the path coefficients for the Mathematics and

-

" '
‘-‘v - [}

Inse;t Figures 3 and 4 about here

. . -+
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Chemigtry data, respectively, and yleld essentially the same results as -
the Psychology data. As one might expect from the distussion of the .
prediction results, the GRE-Advanced test scores reflecting knowledge of

" subject area have a greater influence on Ph.D. attalnment in the "hard
sciences” "than in Psycﬂology. This 1s particularly true in the Mathe-
matics area where the importance of the GRE-Advanced test 1s -approximately
five times that of the other predictors. A less obvious difference in
thie relat;&h i%portance of effects océurs between Chemistry‘and the
remaining two "disciplines." That is, in Chemistry, undergraduate .grade
point average was both more importaent in influencing decisions with regard
to reference letters, but also had a greater influence on Ph.D. attaloment
than in the other two disciplines.

Figure 5 presents the reduced path model, i e., the pictorial
\ !

3
T .

Insert Figure 5 about here

-
.

" 4
representation of only those "causal' effects which had an average path
coefficient exceedipg .1Q. Average is defined here as simply the arith-
metic mean of corresponding path coefficlents across the three graduate
disciplines, "The criterion for deleting effects not exceeding .0 is
‘purely arbitrary but seemed to be a reasonable cut-off for this study.
Werts (1967) also suggests this cut-off as a practical criterion for -
eliminating negligible effects

The reduced'model makes clear the central nature of the GRE-Advanced

1




test with respect to the prédiction'ofhﬁh,D. attainment, as well as its-
influence on earlier decisions such as reference.lﬁtter averages énd'
finally quality ratings. The& GRE-Advanced test ,was selected as' the .one
test to be included in thepath models, since it consis¢ent1y had the )
highest O-order correlation with the criterion agong the test scores, “ -
In general, path models are more interpretable when' only one wmeasure is
used to represent any given measurable domain, since the inclusion of
many similar measures .(measures.of the same domain) lead to-high co-
linearities and thus unstable estimates of the path coefficients

Conclusions

' +

Lt was found that the GRE-Advanced tests- were consistently the <-
best predictors of a criterion of Ph.D. attainment. Howewver, the pre-
dictive accuracy of the GRE-Advanced test varied considerably acropss
graduate fields and in one case within a gradudte field., That isgy.:
prediction on the whole was considerably more accurate. in -the "Hard
science” graduyagte areas of Mathematics and Chemistry than in Psychology.
Within the Psychology area ;here was a "U" shaped relationship between
predictability and age.  THat is, the total sample regression_equation

_led to greater predictive accuracy for the "younger" and the "older”
age groups. The "middle" age group was not only less predictable but’
«he errqrs in prediction tend to lead to underestimation of their
actual rate of Ph.D. attainment. Thus, the "middle" age group was.
characterized by overachievement. ’

. Path analysis models were applied to the intercorrelation matrices
in an effort to determine the .effects of each of the predictor variables
on the criterion as well as on other intermediate decision- -making
processes. The resultihg path coefficients supported -the notion that
the GRE-Advanced test was measuring a domain of knowledge which was
critical to Ph.D. attaipment within th¥-specified time 1limir.

\ - .

Footnote

1. The author wishes to thank Dr. Lindsey R. Harman for his assistance

in making the data available for this study and his helpful suggestions
during the early part of the data analysis.
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. TABLE 1
¥ .

'YALIDITY con:mczm MEANS, AND STANDARD -
. DEVIATTONS op THE mnzc*roas FOR SAMPLES 1 AID 2
(PSYCHOIDGY)

Semple 1 N=380
r X
- 1.40
Sed © =gt U Lus
Age - . -.05 . 23.37.
No. of Books - .06 9.87
Income/Student I5 8.75
Faculty/Student oo A3 636
Percent with Fh.D. . *=.02 7.19
Dept. Rating -1 1.67
GRE-V . T 63.52
GRE-Q .33 59 -89
GRE-Adv. | 19 © 60.98
Ref. Average 16 43.86°
UGGPA’ 02%  2k1,70%
App. Mede LB 1.63%

» N=!;62




TABLE 2.

nmmm PREDICTION wrmn GRQUPS BASED ON AGE -
(PSYCHOLQGIY) .

3
i . . 0l@er :
¢ . - gy = ’ N=h6 N=h62
mtnm-eroup e '
. Multiple R's

Group Equations ' 33 7 . . A7
Total nquations ’ . . <43

" Moderator Means
{Age)

Criterion Means
(1=Ko"PhD; 2=FPhD)

-3

L]

" Within=Group
Multiple R's

Group Equations ' .23 . .15
Total Equations?® : 27 .1h

Moderator Means.

(Agex . : 21.87 25.69

Criterion Means .
(1=No PhD; 2=FhD) 1.50 1.46 - 1.32. 1.1

o Correlation between observed and predicted score when predicted scores were obtained
using regression weights from the total primary sample.

oy
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- TABIE 3 .
PREDICTOR MEANS AND STANDARD) DEVIATIONS FOR THE PSYCHOLOGY AGE GROUES
- - \\u . .

Semple 1

,ngdiétora

GRE<V

CRE-Q

GRE-Adv.
Reference Reports
UGGPA

Viederator Mean (Age)

Predictors

GRE~V

CRE-Q

GRE-Adv.
Reflerence Reports
UGGPA

tioderator Mean (Age)




TABLE 4

[

DIFFERENTIAL PREDICTION WITHIN GROUPS BASED ON DEPARTMENT QUALITY INDICES -
- ‘ (PSYCHOLOGY) :

*

»

) : 3
Med-Qualityr‘wa*QualitY
N=k9 =60

Within-Grouwp
Multiple R's

Group Equations - .55 .3h
Total Equetions . .50 ;27

Moderator Means
{Quadity Index) . 2.5 k.00

”

Criterion Means
{1=No PhD; 2=FhD)

N=56
Within-Group
«Maltiple R's
Group Equations 22 .06 . 22
CROSS- Total Equations «1h -.15 - _ .511
VALIDATION. Moderator Meens ] ] .
SAUPLE {Guality Index) 1.00 . 2.52 4.00

Criterion Means - {
(1=No PnD; 2=PhD) Cl.hyo 1.32 1.26

®Ccorrelation between o'b-served and predicted score when 'predicted 8cores were obtained .
.using regression weights from the,“t.ota.:l_. primary sarmple. ) 1

1 -
ey
£




4

;.’ ) TABLE 5 )
‘ B . . A B
DIFFERENTIAL PREDICTION WITHIN GROUES BASED ON DEPARTMENT QUALITY INDICES AND STUDENT AGE

S { PSYCHOLOGY)

' 1 2 3 b
Hi-Quality Low-Quality Low-Quality Hi-Quality
Young: Somewhat Older Young Older
N=266 N=39' N=52 N=23

Within-Group
Multiplé R's

. Group Equations . B3 :50' 48 T
Total Equations. .32 .38 .25 43

Moderator Means . .
. {Quality Index) 1.07 . T 3,56 -~ =1.04
(Age) 1.12 . 1.00 3.00

Criterion Means .
(1st'o PhD; 2=PhD) 1,45 . *1.21 1.33

_ N=290 ' N=hg - H=19
) Within- GI‘O'LIP - - . !
Multiple R's — , . _
Group Equationé .12
SECONDARY Total Equations® 12
| Moderator Means
(Quelity Index) 1.07
(Age) 1.14
Criterion Méansg
(1=No PhD; 2=PhD) 1.43

JESS—.

a'Corr"ela‘cion between observed and predicted score when predicted scores were obtained using
regression weights from the total primery sample. . -
L 7 R




Criterion

Age _
Ko. of Books
Income/Student
Faculty/Student
Pércent with Pn.D.
Dept .L Rating
GRE-V

" GRE-Q

) GRE-Adv.

Ref. Average
UGGPA >
App. Made.

" TARLE 6
_VALIDITY COEFFICIENTS, MEANS, AND sTaNDARD

DEVIATIONS OF THE PREDICTORS FOR snpmi.ﬁs 1 AND 2
(MATHEMATICS ) ‘

Semple 1  N=h23

1.5%
22.35
9.92
9.35
7.98
7.55
1.60.
62.95
72.67
65.95
_he.60
T 252.60
2.32




TABLE 7 °
DIFFERENTIAL PREpICTIdN WITHIN GROUPS BASED ON AGE
(mmmncs)

l.
Younger
N=358.
_ Within-Gro )
Multiple R's T e

Group Equatlons
Total Equations -

Moderator Means
(Age)

Criterion Means
(1=lio PhD;.2=FhD) 1.58

) N=325

‘Within-Grouwp . .
Myltiple R's ' o
' Group Equations ' 43 / .35 .28
Total Equations® A3 Al .39

Moderator Means

(Age) ' 21.60 o4 .8 28.74

Criterion Means '
. {1=No #hD; 2=FhD) 1.59 . 1.43 1.38

Correl tion between observed and predicted score when predicted scores were obtained
using regresdion weights from the total primary sample




- | TABIE 8 . -
DIFFERENTIAL PREDICTION WITHIN GROUPS BASED ON DEPARTMENT QUALITY INDICES
' | (MATHEMATICS)

o

~ ot

1ty a2 3
Hi-Quality Med-Quality Low-Quality '
N=317  © N=52 . NS
:Within-Group ' L '
Multiple R's {_
Group Equations ' L3k ' 37
Total E%Eations 3k B 1
Mode;ator Means - . ’
(Quality Index) . 1.00° L2475
. Criterion Means
(1=No PhD; 2=FhD) ) 1.40

%
—

V. S Within-Group’
Multiple R's

CROgS- Group Equations T 5, "
VALIDATION | - =~ Total Equations™ | 9 _ , .2 .

: Moderator Means ) - .
SAMPLE, , (Quelity Index) 1.00 4.00

Criterion Means : ) . '
(1=No PhD; 2=PhD) 1.62 1.%0 1.29 C1.%%

 ¥*Correlation between observed and predicted score whep predicted scores were obtained
using regression weights from the total primary sample,

P
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TAELE 9 ! )

DIFFERENTTAYL PREDICTION WITHIN GROUPS 'RASED ON DEPARTMENT QUALITY INDICES AND AGE
’ (MATHEMATICS )

1 - S SRR
Hi-Quality Low-Quelity Hi-Qiality Low-Quallty
Young Young : 0ld 0ld
N=106 =2k Ne211  N=B82

Within-Grouwp -
Multiple R's .
Group Equations =~ .20 . 3 : 50 . b3
" Total Equatiops NI | 38 .39 40

Moderator Means - . - :
(Quality Index) 1.00 “ . . %.34
(Age) 20.64 .88 . 23.56

Criterion Means ' .
(1=No PhD; 2=PhD) 1.69 . . 1.35

kb ‘ ' N=11k . N=97
Within-Group - :
Maltiple Ris

Group Equa.tiona 31
Total E‘.qua.tions <35

Moderator Means ™.
{Quality -Index) 1.00
{Age) ) 20.78

Criterionh Means. . v
{1=No PhD; 2=FhD) 1.75

r

8 Correlation between observed and predicted score when predicted, scores were gbtained using
regreaaion weights from the- total primary sa.mple . ) .

L
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TABLE 10

" VALIDITY COEFFICIENTS, MEANS, AND STANDARD ,

' "DEVIATIONS OF THE PREDICTORS FOR sm' 1AND 2
(CHEMISTRY) . -

Semple 1 Né32%

r X ‘T
175 - .
22.10 © 1.80

Criperion -
' -.29
.08 9.82 .59
12
08

Aée@ :
No. of Books '~ _
Income /Student 9.k 1.12
Faculty/Student . 7.89 2.66
Percent with Fh.D. -.05 T.11 2.99
‘Dept: Rating - - 1.36 79
GUESY k 25 59.66 10.69
GRE-Q L 69.26 10.70
GRE-Adv. R 6751 .

Ref. Average . . ' . 31,48 9.89
UGCPA ‘ . 246.93 Lk .55
App. Made . 2.43

-
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- ¥ TABLE 11
DIITEREHTIAL PREDICTION WITHIN GROUPS BASED ON AGE
i {CHEMISTRY)
Il
© Younger
N=11k
© Within-Group
Multiple R's

.énoup Equations
Toteal Equations

°‘1-‘Io'dev,;za.1:.or Means
{Age)

tCriterion Means
{1=No PhD; 2=FhD)

1n-Group
\Kﬁiiﬁiple R's
Group Equations 28 .57 .15
", Total Equations® ] S .58 .55

Moderator Mearis . .
(Age). L 20.78 L 22.13 26.30

Criterion Means ) “
{1=No PhD, -PhD) 1.78 . 1.79 - . 1.40 S O1.Th

oy
v

Correlahion between observed and predicted score.when predicted scores were obtained
using regression weights from the totael primary sample

e




PABLE 12 PR

DIFFERENTIAL PREDICTION WITHIN GROUPS BASED ON DEPARTMENT QUALITY INDICES
v  (CHEMISTRY)

1 2’ ‘ 3
Hi-Quality Med-Quality Low-Quality
-N=253 N=52 N=17
Within-Group ) h
Multlple‘ﬁ s

Group Eqnationa 39 J .35
Total Equations . 38 - . 27

Moderasor Means ) - 4
(Qualisy Index) . 1.00 . 4.00,

Criterion Mﬂans .
(1=No.PhD; 2=FhD) . 1.77 1.69 1.53
~ - 7

N2t bl Ne23

Wighin-Group
- Multiple R's -

CROSS - " Growp Equations, | 49 T 03

VALIDATION Total Zquations .50 R ’ .63 ‘ ? .53
Moderator Means _ .
SREFLE (Quality Index) 1.00 2.27 ' 1.00 1.39
Criteriogy Means ) : -, .
(1=N D; 2=PhD) . 1.77 *1.70 1.43 1

P

X

Correlation between observed and predicted score when predicted scores weye obtained
using regression weights from fthe total‘primary sample
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\ " TAELE 13

DIFFERENTIAL PREDICTION WITHIN GROUFS BASED ON DEPARTMENT QUALITY INDICES AND AcE
_(CHEMISTRY) .

1 2 3 L. Total -

Hi-Quality Low-Quelity’ Hi-Quality Low-Quality
/ Young Young 0ld 014
N=2ll’ Ne18 N=48 =12 N=322
Within-Group . —~— S
Multiple R's

Group Equations .38 " . .25 .8
Total Equations .37 - . .19 .25

Moderator Means . . .
(Quality Index) 1.13 . . 1. 3 67
(Age) 21.47 . ’ ‘

Criterion Means .
(1sio PhD;.2=PhD) 1.82 . . 1.52

N=230 ‘ - N=56
Within-Group - o
Multiple R's

Group Bquations . . .54 .23
Total Equations® . - . . .58 - .52

Moderator Means
(Quality Index) . . ©1.16 © o 3.%6
(Age]) . . X . 2L .93 25.67

Criterion Means
S 1=No PhD; 2=PhD) . . 1.5% 1.22

®Correlation between observed and predicted score when predicted scores were obt&ined using
regression weights from the total primary sample.
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-~ Appendix A

. Supplementary Analysiq of Within School
. . " Validity Coefficients

Following the release of the non-technical reportl ou this project

questions as to. the value of the data presented to the chairman of a
particular department were raised. Theae were primarily concerned with .
the effect of between-school differences on the correlations between the
predictor variables and the criterion of degree complétion. It was

y suggested that the results would be more useful to department chairmedn
if these between-school differences were removed and the correlations
recomputed. The resulting correlations would give a more direct answer

t . to the question: "Within a given inatitution, how much help are age,

GRE-V, GRE-Q, GRE-Advanced Reference Average, and Undergraduate Grade

Point Average in predicting completion?”

To. remove between-school differences, all variables describing
. individuals were measured as deviations from thelr respective achool
means., We were then able to pool the data across sthools and thus .
* arrive at a single estimate which may be considered & kind of weighted ® :
.average of the within-school validity coefficients. ]

Table la presents both the O-order validity coefficients as well
as the correlaiions based on deviations from school means for the

- am o mm v Em Em mm e wm o = o

R T I ]

-

‘Mathematics NSF applicant samples. The deviation correlations are
somewhat smaller than the simple O-order validity coefficients as one
might expect since in a loose sense they are partial correlations with
the school effect partialled out. When the deviation correlations are
compared with the O-order correlation, the predictors of Ph.D. attainment
. " maintain approximately the same rank order with respect to their accuracy
- of prediction. That is, the GRE-Advanced remains the best single pre-
dictor of doctorate attainment. The second best predictors were GRE~
Verbal or -Qualitative, closely followed by either Undergraduate Grade
Point Average or Reference Average. This general rank ordering was

consistent acroas both mathematiﬁf samples. 'ﬁx
) — ) - '
s The prediction of doctorate attainment is Psychology, Mathematics, -
» and Chemistry. Graduate Record Examinations Board, Preliminary

Report, Educational Testing Service, Princeton, New Jersey.
August 1972. :

- ' L
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Table 2a preéents similar data for the two‘éamples of Chemistry NSF
applicants. Once again, the single best predictor is the GRE-Advanced

"2

test. Unlike the Mathematics results, there Seems to be no consistent
rank ordering for the "next best" predictors across both Chemistry
samplesf It does, however, seem that Undergraduate Grade Point Average
is a more accurate prediétor of Ph.D. attainment for Chemistry NSF
applicants ‘than for Mathematics NSF applicants. Similar corclusions ..
resulted from the path analysis approach? described éarlier. It is
interesting to note that age tends to maintain its predictive accuracy
after thé school means are removed., This suggests that older NSF )
applicapts (age measured at entry) appear to be less likely (or they
take longer) to attain their doctorate in Chemistry.
¢

Conclusion ..

The supplementary.analysis using individual scores as deviations
from school, means doés tend to reduce somewhat the size of the validity
coefficients but the same patterns of predictive accuracy which were
found when the data were pooled were maintained. Even though the
validity is reduced the resulting coefficients are at a 5pnera11y
acceptable level for academic admissions purposes. '

Thése results suggest that further analysis does not seem to be
warranted.

e

2 5imilar to the goals of the deviation proecedure, path analysis
attempts to control for ¥chool effects by incor¥porating depart—
 mental quality indices is a pre-specified "caudal model." The
resulting path coefficients are more closely akin to part cor-
relations, however, rather than partial correlations.

-
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I Table la

CORRELATION COEFFICIENTS OF SELECTED STUDENT AND SCHOOL
VARTABLES WITH DOCTORATE ATTAINMENT IN MATHEMATICS

W oy

¥

SAMPLE’ I

——
_ N=423

X
AGE

GRE-V

GRE-Q~

GRE-ADV

REFERENCE
AVERAGE

UNDERGRADUATE
GRADE POINT *
"AVERAGE

)
is the simple product moment correlation between the selected variables apd Ph.D. attainment
across all schools. '

"

is the same ‘as'r? except all individual scores are deviations from the school means. This amay
be considered a kind of weighted average of the within school correlation.




.o .Table 2a

CORRELATION COEFFICIENTS QF SELECTED STUDENT AND SCHOOL
"VﬁRIABLES WITH DOCTORATE ATTAINMENT IN CHEMISTRY

SAMPLE 1
N=322

L
22.26

. s :
GRE-V . . . . : 58.40

GRE-Q L . . 10, - 67.96
GRE-ADV , .33 . . o , 66.27
1&

REFERENCE . .
AVERAGE » _ _ 42.23

- UNDERGRADUATE

GRADE POINT
AVERAGE

is the simple product moment correlation between the selected variables and Ph.D. attainmént
-across all ‘'schools.’ . . .
. N * - K »
. - r - "
is the same as 2 except all Individual scores are deviations from the school means. This may .
be considered a kind of welghted average of the within school correlation. . 9
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