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THE IDENTIFICATION OF,POPULATION MODERATORS
AND THEIR EFFECT ON THE PREDICTION OF

DOCTORATE _ATTAINMENT

Donald A. Rock

, -

Abs tract

The immediate focus of this research projedt wasto evalRate
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. More specifically the
project attempted to: (1) define subgroups for which the GRE testa

/.." have varying degrees Of validity, and (2) provide-biographical pro-
files of each subgroup as well as the optimal predictivt equation
forgthosi subgroups.

. .

4 .1
\

P

/

0 .

_It was found that the GRE-advanced teats were consistently tha
best predictori of a criterionof Ph.D. attainment. However, the
predictive accuracy of the GRE-advanced test varied coilsiderably
across graduate fields and in'one calm within a graduate field.
That is, prediction on,'the whole was considerably lore accurate
in the "hard science" graduate areas of Mathealatics and Chemistry
than in Psychology. Within the psychology area there was a "U"
shaped relationship between predictability and age. 'That is', the
total sample-regression equatioli led to greateeprZdictime accuracy ,

for the "younger" and the "older" age groups. The "middle" age
.group was not only leis predictable but the errors in prediction
tend tA lead to'underestimation of their actual rate of Ph.D:
attainment. Thus, file "miUdle" age group was characterized by
Over-achievement. . -
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sensitivity, this in turn would be reflected in the relative level
of its,predictability#

Creager (1965) examined the relationship between doctorate
attainment and 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 lumber of different criteria
ihclud2ng doctorate ateainment, publication counts, citation counts,
on the Jot ratings, and a composite criterion. The report validi-
tiik ranging'from .11"to .39, the highest validities being for the
composite criterion.

Theo immediate focus of this research project was to evaluate
the potential of GRE aptitude and advanced tests as predictors of a

dichotoious criterion of whether or not the candidate attained the
doctorate within a specified length of time. More specifically, the
prolegt attempted tor (1) define subgroups for which the GRE tests
have varying degrees of validity and (2) provide biographical pro-

ii/es of. each subgroup as well is the optimal predictive equation
for those subgrou.

This initial or predictive phase outlined above was then supple-
mented by a second or "explanatory" phase. This second phase is
essentially a model building process in which path analysis methods

"(Wright, 1934; Blalock, 1961) were used to trace the "causal" role
of the GRE tests inthe decision-making,process at time of application
as well as their direct and indirect impact on Ph.D. attainment. The.

. .

use of path models rather than straight predictive models allows the
model builder to include other salient variables in the model which

may ihfluenceutcomeS such asPh.D. attainment but which would be
operkionally impractiCal in the more limited prediction model. For
exampfe, if we are interested in predicting Ph.D. attainment for any
given 4ndividual at a particular university, it is the individual's
characteristicsyhich We, would focus on and not environmental charac-
teristics of thatpartiOlar university. In this type of prediction

model it is, of course, assumed that environmental characteristics
are constant for all individuals in'd department at a particular

JE university.

)However, in the interpretive or explanatory path model used in
OiSstudy, we attempted .to.estimate the direct and indirect effects
of the aptitude-achievement measures on Ph.D. attainment when analyzed

. j con#unction with graduate department quality indices (Cartter, 1964)

and relevant variables available on the applicant.
Or

t "919LEL Y
4

'Approximately 1,000 NSF applicant records in the areas of
4)sy.Choltgy, Chemistry, and Mathematics were collected from the

,
4.
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merging of the Doctorate Records lile and the Office of Scientific
Personnel (OSP) tape of the National S ence Foundation applicants.

These file records indicated time to .D. and; of course, whether
or not they received one. Additions biographical information avail-
able in the Doctorate Records File and ou the OSP tape included sex,

age, marital status, number of depeAdents, number of NSF applications
made, and awarda received. The OSP ecords also provided Office of
Education codes for the institution' Aach applicant. had chosen for'
graduate study.

Predictor information available Prom the OSP recordsjncluded
theeGRE tests scores--verbal, quantitative, and advanced -as well
as undergraduate grade point average and reference report average.
The reference report average (Harmon, 1966) is a quantification of
an overall ratingof the reference letters submitted in behalf of
ext,NSF applicant. The Doctorate Records File had additional-infor-
mation on father's and mother's education, but was too incomplete to
be useful for this study.

4

The criterion of doctorate attainment required a judgment 'to be
made concerning the time lapse to be allowed before assigning an
individual to the attainment versus non-attainment category. It is,

of course, rare diet one completes a doctoidte within three years.
after the baccalaureate. In the science fields the mean time lapte
is approximately eight niers (Creager, 1965), with greater deviatiods

above tie mean than below. If time were'allowed for almost everfone
to complete a doctoratt, the study Oight well suffer on both opera -
tional as well as rational grounds. That notnot only would more of
the people attaining doctorates have more time out and extensive. .

study time (thudcomplicating the interpretation), but more Persons
of low measured ability would have achieved a doctorate under -a

possibly lower standards of dissertatlorrind course quality. From
the viewpoint of efficient use of resources as well as cost.of
graduate education) it wofild seem to be desirable to select those ,

individuals capable of successfully filgshing the program'in a
reasonable amoVne of time. Conversely too short a time lapse would
elimipte many high quality people, possibly those very able,persona
who take on more ambitious dissertation projects and/or more difficult
course offerings.

These considerations lead, for criterion definition purpoies,'to
setting limited cutoff times for doctorate completion: ,The'dnotorate
completion cutoff was June 1968. Since most of the subjects.i4clOded
applied for first-year fellowships in 1958-1961, they had-seven tn.
ten years from fellowship application time to attain their doOOrate.

The matching and mergineof the OSP'and Doctorate Repor0 file
was completed at the Office of Scientific Personnel. The merged tape
was then sent, to the Educationg Tenting Service for.analisif. Before
analysis,,additional information was compiled on the characteristics of

t

r 4.
4
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the institution chosen for graduate study. Cactter's (1964) report

on the quality of graduate departments furnished the quality indices
which were then asiigned.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 particular
"quality indices" suffer from the fact that they apply to the total
institution and thus are not necessarily an accurate picture of the'

. graduate school or, more specifically, the graduate departmenE itself.
,

1,
.

Within each majoir field, the sample was splitinto two random
halves for 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
usualmultiple regression validity information, but also searches for
consistent biographical patterns associated with "type4" of individuals
who, in turn, are characteiized by varying levels of predictability.
For example, this type of analysis enables one to determine if any
one subgroup--such gs older NSF applicants -- should have a different
prediction equation than another subgroup. The moderated regression
'technique allows the researcher to hypothesize up to five moderators
or gipping variables at one time. First it will form subgroups on
each moderatbr singly and then it will form groups basedon similar
profiles based on combinations of moderators. For example, if the

moderated regtession technique were used with two possible moderators
such as age a,d department quality index, it might identify a group
of older indivpuila_attending,low quality graduate departments who
are unpredictable wioh respect to Ph.D. attainment when GRE-test
scores were used as'predictors. Since this technique requires
complete inforMation, the sample sizes were reduced to 779a, 845;
and 643, for Psychology, Mathematics.and Chemistry, respectively. ,

.

Within eacA graduate discipline the moderated regression, was
run first on thelvalidation sample. This analysis led to subgroups
characterized byldifferential predictive accuracy.

V Potential moderators which were analyzed with respect to their
impact oh accurac of prediction were age, sex, marital status,
university qualit, indices, and graduate department quality indices.);

Students attending the same institution were assigned that
1

1 .

\tg

1

1

Analyses in Psychblogi were ba'sed on a total of 930 observations
when department quality indices were not part of the analysis. This
was due to the fact that a substannial number of cases had to be

dropped when the quality indices were included.

'1

1.

- \

\

\ .
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4.
particular institution!s quality ratings,as well as department ratings.
Those moderators which grouped individnaStihtb subgroups,on the valida-
tion sample (which in turn were characterized by differentia prediction)
were selected for replication on the cross-validation sample. That is,
groups were formed within the cross-validatiOn sample which had similar
profilesto the differentially predictable groups from the first sample.
Then the appropriate group as well as total equations were apOlied to
these corresponding groups in the cross-validation sample insan effort'
to determine if differential predictability was a stable characteristic
of these varioos4subgroups.,_

Results and Discussion

4

s.._

Psychology

Sex 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

Insert Table 1 abeut here

the highest single variable correlation with the criterion (-.45 in
Sample 1 and -.'34 in Sample 2) among all the potential predictors or
moderatora. The negative sign indicated that women are less likely to
attain their doctorate in Psychology than are men. Further inspection
of Table 1 indicates that the test variables (GRD-Verbal, Quantitative,

and Advanced), one college quality index (department rating), reference
average, and number of NSF applications have consistent (non-zeto in
both samples) relationships with the criterion. The department 4tingts
relationship with the criterion carries a negative sign, since the
quality code indices, range' from one to four, with oue signifying the

highest qoelity and four the poorest quality. The remaining institution
quality indices appear to be too general and thus dolnot necessarily
reflect the quality of the Psychology departments, The correlatiogs
between the department. rating and the college quality indices ran0
from a low of -.13 for percentage of faculty with the Ph.D., to a high
of -.51 for income per.student, indicliing a large proportion of the

variance in the department rating, is not accounted for by the more
general quality indices.

The relatively high correlation between the number of NSF applica-
,,pions made and Ph.D.,attatnment is somewhat artifectual, since a large
lercentage of the NSF applicafts in'this study were, required to reapply
for their grant every year. Many of those students who did-not reapply *.
may have either dropped out of the program or possibly felt that their
Rest performance record would not be supportive of a grant extension.

_Thus applications made may be considered an intermediate progress
- report on the way to the Ph.D. in Psychology. .

A
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the various age rOups indicated that both the older and the'"middle" age
groups had simila means, both of which are consistently lower than the

.

youngest group. us, the "middle" age group, although the least, predict-

able groUpt is simi.ar to the most predictable.group 4the oldest group)
with respect to ability measured by test scores. Surprisingly, 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" is also characterized by a lofieundergraduate
grade point average'tbantither of the remaining predictable groups.
Since the "middle, age group tends to have lower predictor scoreson the
average, yet possesses the highest level of Ph.D. attainment, they are
generally underpredicted wheA the overall equation is used. Thus they
are what is commonly referred to as overaChievera in thejsychgmetric
,literature. 4,

It may well be that the 25and 26-year olds have overcome their
-somewhat mediocre ability-achievement credentials by a higher level, of
motivation and' consequently have a, higher rate 'Of, Ph.D. attainment.
Unfortunately, we do not have the data to determine what, if any, other
age-related characteristics are operating here. These fihdings of

ditferential predictive accuracy as well as possible motivational
differences point out the need for more biographicq.'information about
graduate applicants if we are to underatknd and/or infer they causal

_pattern,underlyidg their differential performance,

. Table4 presents the results when the moderated regression was
4

=g,

Insert Table about here

used to search for patterns among theinstitutional quality indices which
might lead to consistent 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 thesanalysis because'
they were missing one or more institutional quality indices.

As in the Aase of'the biographical variables, only one quality index
to a replicable pattern of differential predictability. That is, there
is a slight but seemingly consistent tendency for students attending "low
quality" Psychology departments to be more predictable. This result
certainly comes as no surprise, since the so-called "higher q6ality".
schools are more selective of applicants with respect to the GRE test
scores and thus attainment of the Ph.D. is likely to depend on some
measured quality. It is, however, interesting to note that at the "1

quality" ?sychology departments, the probability of obtaining the Ph.
is consistently less than at de "higher quality" departments.

Table 5 presents results when grouping was done on both age and the

.4

4
S.
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departmental qnalitypindex. A1thOugh4the pattern'of predictability is

less clear. cut, there remains-a tendency for the older sk9deptp attend-
. int "illower quality' instituttens-to be more predictable. In this ',

foilr-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; v

4 .,

>,

-

In order to.deiermilie the utility'o6 ate,and departmental quality
as potential predictors, they were incorporptedinto stepwise prediction
equations in both their4inear. tiorm and as bl-linair-cross products with*

the resainineiindictors. In no form did they consistently lead to an
increment in prediction over the originaljive predictors ORE-Verhal,.
Quantitative, and Advanced, UGGPA, and referencerepoit average). .

It would appear that for NSF applicants' in PsYchblogy, the utility
of age information lies primarily in separating out.thode individuals .

for whom:, (1) we, have varying degrees of .confidence in iheir'predicted
or expected achievement,(in'this case, Ph.D. attainment), and (2)

motivational levels may differ.
ti

*.
The results also suggeit that where-there was differential prediction,

the overall equation used within the groups was not noticeably, inferior to
the unique group equation with respect to predictive accuracy. This- '

suggests that differpnt weightings of the same predictor variables for
different types of people (older versus younger, etc.) does not appear to
be the answer. that is some individualo seemed to be more or less
predictable regardless of whether you. use overall *eights or their own
unique weights. It is possible that, entirely ,different predictOr measures
must'be developed for the "unpredictable" people. This, of course, is "
beyond the scope of this study.

1

Mathematics

Table69resents the_single variable validity coefficients for the

Insert Table 6 about here

=.1

predictors and potential moderators or gro

it appears that the criterion of Ph.D. at
siderablymore predictable from achievem
found to be'the case in Psychology. 000-

are,the correlations. of .38 and .44 for thePAdvanced Mathematics test
against the criterion fOr Sakple 2 and 2,'respectively. The GRE-Verbal

4fi ,

ing variables. In general

.eht in Mathematics is con-
aptitude,ieasures than was
cular interest in Table 6

f4;-
412
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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 qudent,,faculty per student, and
departmental quality index; also demonstrate stronger-relationships with
Ph.D: attainment in Mathematics. It day wall'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 accurate assessments of any one individual's standing with
respect to this body of knowledge. .

Table 7 shows the differenti41 prediction by age groups.' The

Insert Table 7 about her

multiple,correlation between the five prediCtors ORE -Verbal, Quantita-
tive, and Advanced, ..dergraduate grade point average, and reference
report average) and Ph.D. attainment is a quite respectable .40 in

Sample l 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 agd grd110.' Unlike PsyChology, there is a

linear relationship between age and Ph.D. attainment. That is the
older 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" NM applicants had similar aptitude- achievement test iteores,
and when considered as a whole had consistently lower test scores than
the younger candidates. The one exception to the above findings was the
Advanced test, where. the "older" NpF 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 multiplepcorrelations within groups based on
O 'V?

.

Insert Table 8 about here

departmental quality indices. As with Age, there does not "seem to be
any. Onsistent pattern of differential. predictability.

Table 9 shows the multiple correlationa within groups based on the

Inart Table,9 abon.here '4

. departmental' quality index end'age. With one exception, there appears to
be little differential predictability within these groups. .Somewhat

0 13



surprisingly, ,the young who attend "lower quality" departments appear to
be characterized by greater predictability than theremaining groups...
In general, the mean ability-achievement scores for this group are below
that of both the "high quality" young and the "high quali old, but

. slightly above those of'the "low quality" old group. Because the "low
quality" young group size is so small, any further interpretation ieg
probably unwarranted. As one would expect, the criterion means in Table
9 indicate that the young applicants who attend institutions 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"
predictpr, no increment was found in predictive accuracy above 'that
which resulted from the use. of the original five predictors..

Chemistry

The single variable validity coefficients for the chemistry measures
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 LO about here

dictor iq 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 find in Chemistry yield additional support for the 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 aptitudes. It ig also quite possible that it is easier to specify the

neceasary skills which are prerequesite to.success (Ph.D. attainment, in
this case) in the "hard sciences."

Table 11 pres ents the differential prediction results by age groups

Insert Table 11 about'here

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

A considerably larger proportion of the NSF applicants in Chemistry
do attain their Ph.D. than the Psychology and Mathematics NSF applicants.

A
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Table 12 presents the diffeiential prediction within groups based on

Insert fable 12 about here

4a1=41 ,
#

: 1 # ' i #1'

. ' : 4 g'

the rated "quality" of their Chemistry departments., As was the gum with
age, there iB little or no consistent differential predlocioit. Table 13
,shows the within group multiple correlations ?hen both qualiti'indices

. . .1.s,....m.s..
Insert Table 1 about here.

. _
.

,

and age are uaed as moderators. Once again, no consistent pattern of -AI
differential predictive accuracy waR evident. It appears that in the twp I'

"hard science" areas of Mathematics and Chemistry, the assimilation of *
knowledge in their particular area as measured by the Advanced sec6lon of '

the GRE fa the one best predictor of Ph.D. attainment., regardless of ale
group membership or quality of the institution of attendance.

,

Age was included Rs a predictor and unlike Mathematics orPitycholi4Y1.
. it did add stgnificintly_to the prediction. It was the second variable

after the GRE-Advanced section to enter the'equation. In an effort to
again some insight into this relationship, the correlation between 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
°the* age groups.

The significant partial regreasion weight associated with age
°indicates that after the ability - achievement variableB were controlled,

there remained a significInt amount of variance in age which.wsa
'related to Ph.D. attainment. It would appear that additional biographi-
cal information might prove helpful in untangling this relationdhip.

Path Models

In an effort to, interpret the interrdlationshipa among the multiple .

predictors and departmental quality ratings, as Mell as to estimate the
relative sizeof their direct and indirect effects on Ph.D. attainment,-.
path models were analyzed. The general implication in path analysis iB
that verbal theories concerning the relationships between certainvari-
*tiles can be translated into "causal" models involving mathematical
equations, if the direction of causality can'be specified. Id pith

analysis, the direction of causality between any two or more variableB
may be specified on logical grounds or on the basis of temporal sequence.
The "causal" effect of one variable or another may haVe two estimable
components: the direct effect (i.e., unmediated by any third intervening

,/
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" variable) ana the indirect effect whicji, of course, must take into con-
sideration intervening va0ablts. In general, when data is collected
longitudinally, many of the measures because of/their temporal nature
make thO difection,of causality explicit.

Within the three graduate disciplines, he same hypothetical path.
model was developed and tested. Figure 1 esents the traditional

-pictorial presentation of the.model to be ested. The arrows going in

one, direction epedify the direction of causality. Arrows between two
variables goingh both directions signify that the direction of
..."gpuse1i4 could not be determinea on rational or temporal grounds.

Iftsert Figure, 1 about here

. ..

The path coefficients hij are standardized partial regression
coefficients ands are the unknowns to be estimated. The relative size
of any given weight (biiiey be interpreted as the relative direct
influence- of the .th variable on the jth variable. "Direct" in the
sense,thatit is defined as that influence which remains after all
other indeundent variables in the causal equation have been controlled.
POT exempla; if bye is twice as large aby3, then quality rating of the
department is twice as important an estimagor_pf.Ph.D. attainment as
scores on the GRE-Advanced test in deteriinIng whether or not one attains
the Ph.D., If direction of causality is not known, the path coefficients
are replaced by the simple correlation coefficient.

."- , L.
, .

Inspection of *sure 2 shows the computed Psychology path coeffi-

AO
.

Insert Figure 2 about here

cienta indicating thndirect" contributions of the variables to the
various dependent variables in the model. For example, the,path coeffi-.
cient symbolizing the influence of undergraduate grade point average
(GPA) on'the'reference report average, suggest that UGOA is alfnost
twice as important as the individual's GRE-Advanced score in influencing
the ratings derived from the reference letters. This suggests that the
refence.letters are often written without knowledge of the GRE-Advanced
'scores of the NSF applicant. Although UGGPA has a greater influence on
decision-making concerning reference ratings, the GRE-Advanced test scores
have by fat the largest single influenCe on Ph.D. attainment.

The correlation coefficients indicating the relationships between
both theiGROdvanced.telg scores and UGGPA on the departmental quality
ratings, indicate that.the GRE-Advanced test scores of the students

40 0

1"
4,

A

.
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'within the departments'have a considerably stronger relationship with the ,

quality.rating thap did grades in undergraduate school. At this point it
might be Instructive to point out that the arrows.(indicating direction
pf influence)were drawn in boSh directions;, that is quality of depert.-

I Apent:may inflUence both UGGPA and GRE-Advanced test scores or vice versa.
,Inf.luence in one case may be interpreted as that good (polity departments
iena-to, attract or select students with bath high GRE sane and under-

4 graduategrada point averages. Another interpretation might be that the;
department rating is-a function of the abilities of the students who'

, choose to attend that particular institution. The interpretation chosen
here is that high quality departments put a greater emphasis on either
attrecting,or selecting students with high test- scores than theyldo on
attracting students with high grads poi't averages.

Figures 3 and 4 give tine plith coefficients for the Mathematics and

Insert Figures 3 and 4 about here

A A AAAA

Chemistry data, respectively, and yield essentially the same results as
the Psychology data. As one might expect from the discussion of the '-
prediction results, the GRE-Advanced test scores reflecting knowledge of-

subject area have a greater influence on Ph.D. attainment IR the "hard
sciences""than in Psychology. This is particularly true in the Maphe
matics area where the importance of the GRE-Advanced test isapproximately
five times that of the other predictors. A less obvious difference in
the relative importance of effects occurs hetwein Chemistry and the
remaining two "disciplines:" That is, in Chemistry, undergraduate ,grade

point average was both more important in influencing' decisions with regard
to referetice letters, but also had a greater influence on Ph.. attainment ,

than in the other two disciplines.

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

AAAAAAA4
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 coefficients across the three graduate

disciplines. The criterion for deleting effects not exceeding :k0 is
'purely arbitrary but seemed to be a reasonable cut=off for this study.
yerts (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

s
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test with respect to the prediction.of
.

Pt h.D. attainment, as well as

influence on earlier decisions such as reference.letter averages and
finally quality ratings, The GRE-Advanced test was selected as the.one
test to be included in the'path models, since it consistently had the .

highest 0-order correlation with the criterion among the test scores. *

In general, path models are more interpretable hen'only one measure 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 testswere consistently the
best predictors of a criterion of Ph,D. attainment. However, the pre-
dictive accuracy of the GRE-Advanced test varied considerably across
graduate fields and in one case within a gradudie field'. Thgt
prediction on the whole was considerably more accurate. in the "]lard
science" graduate areas of Mathematics and Chemistry than In Psychology.
Within.the Psychology area ,there was a "U" shaped relationship between
predictability and age. 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
'the errors 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 matfices
in an effort to determine the.effects of each of the predictor variables
on the criterton.as,well as on other intermediate decision-making

processes. The resulting path coefficients supported the notion that.'
the GRE-Advanced test was measurinia domain of knowledge which was
critical to 'Ph.D. attainment within thlvspecified time limit.

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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TABLE1

VALIDITY COEFFIC/ENS, MEANS, AND STANDARD

DEVIATIONS OF THE PREDICTORS FOR SAMPLES). AND 2

(PSYCHOLOGY)

1 Sam 0.e 1 N=380 Simple 2 N.398
4

....

.f.

Criterion

Se 1 .

Age :- .

No of Books

Income/Student

Faculty/Student

Percent with Ph.D.

Dept. Rating

GRE-V

GRE -Q

GRE-Adv.

Ref. Average

1.1G9PA

App. Made

.-

r 7 T 'r

- 1.40 .49 .,-

w
=45.*- -1.41* 49* -.34
-.05 23.37

. .1, 3.70 -.03

' .06 9.87 57 .02

.15 8.75 1.77 ..05

.13 6.36 3:04 .07

-.02 7.19 3.06 '.01

.-.14 1.67 1.14 -.16

.12 63.52 8.25 . . .19

.33 59.89 11.34 .14

.19 60.98 8.90 .24

.16 43.86' 8.36 .14

.02* 241.70* 44.10* .02
..

'.31* 1.63* 1.11* .33

* N=462 t:

20

7 o .

.1.39 -:49-

1.34 .48

23.68 4.15

9.85 .67

8.71 1.97

6.45 2.98

, 7.13 3.11

1.64 1.29

63.47 9.29

60.96 . 3A.82

60.87 9.05

43.95 8..49

236.78 ... 42.96

1.64 1.3.0
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VALIDATION

SAMPLE

1

1 1 P
7 9.

, 14 t.'

TABLE 2'. :

.
0

tO

DIFFERENTIAL PREDICTION WITIMCGR9UFS BASED ON AGE

(mram0x)(
0.

.4,

, .

Within -Group
Multiple R's

,
%

Group Equations
Total Equations

'Moderator Means

iv.. 1

Younger

N.355

,,P,.

1

.33

.31

2

Middle

N=61

33
.27

. 3

Older

N=k6 '

47
.43

(Age) 21.82 25.48 = le.%

Criterion Means
(1=No'PhD; 2=PhD) . 1.41 , 1.52 1.28.

Sp w=354 N=77 N=37

Within-Group
Multiple R's

Group Equations .23 .15 .25

Total Equationsa .27 .14 .30

Moderator Means.
(Age). , s 21.87 25.69 35.00

Criterion Means
(1 =No PhD; 2=PhD) 1.40 1.46 1.32.

Total

w=462

w=466

.24

1.41

a
Correlation between observed and predicted score when predicted scores were obtained

Using regression weights from the total primary sample.
,
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PREDICTOR MEANS AND 8TANDAR DEVIATIONS FOR TEE PSYCHOLOGY AGE GROUPS

.Predictors

GREAV
GRE.-Q

GRE-Adv.
Reference Reports

UGGPA

Moderator Mean (Age)

Sample 1

Group 1

N=355

Group 2
N=61

Group 3
N.46

64.17 8.45 62.41 7.84 62:52 9.36'
61.17 3.1.17 57.44 9.64 56.78 11.48
62.16 8.36 58.56 8.48 57.76 10.39
44.33 8.1b 8.70 43.09 8.89
242.67 39.1 256.18 44.21 241.43 42.41

21.82

Predictors

GPS.-V

ORB-Ct

GRE-Adv.
Reference Reports
UGGPA

Moderator Mean (Age)

Group Y...

N-354

cr

25.48 . 32.54

Sample '2

Group 2

N=77

Group 3

N=31

64.90
62.23

9.04
10.48

60.19
58.26

9.19
10.28

614t
56.22-

9.62
11.74

0.15 8.53! 58.52 9.69 56.38 10.34
14.52 8.59; 41.77 9.56 40.16 8.53
240.69 41.44 ; 225.92 45.23 234.08 45.86

21.87 25.68 35.00
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TABLE 4
4

DIFFERENT/AL PREDICTION WITHIN GROUPS BASED ON DEPARTMENT qUAL/TI INDICES

ak fPSYCHOLOGY)

1

Hi-quality

N=271

2 3

Med-QuaLiti Low -Quality

N449 11.60

Within-Group
Multiple R's

PRIMARY Group Equations .33 .55 .34

Total Equations .32 .5o .27

SAMPLE Moderator Means
(quality Index) 1.00 2.54

.
. 04

Criterion Means
(1=:;o PhD. 2=PhD) 1.44 . 1.46 1.26

N=282. N=56 N=60

Within-Group
Multiple R's

Group Equations .12 .o6. .22

CROSS-

VALIDATION.

Total Equations

Moderator Means
t.

.14 -.15 .31

SAMPLE
(Quality Index) 1.00 2.52 4.o0

Criterion Means (

(1=lio PhD; 2=PhD) 1.44 1.32 1.26

Total

. N =380

.35

1.68

1.40

Nd398.

. 15

1.67

1.39

a
Correlation between observed and predicted score when'predicted scores were obtained

.using regression weights from thelkotal primary sample. 4



TABLE 5
A

DIFFERENTIAL PREDICTION WITHIN GROUPS BASED ON DEPARTMENT QUALITY INDICES AND STUDENT AGE

- (PSYCHOLOGY)

1 2

Hi- Quality Low-Quality
Young, Somewhat Older

R=266 N=39

Within-atoup
Multiple R's

3'

Low- Quality

Young

N52

4

Bi-Quaky
Older-

N=23

Total

N1380

PRIMARY . Group Equatim4 .33 .48 .47
Total Equations. .32 .38 ..25 .43 .35

SAMPLE
Moderator Means

(Quality Index) 1.07 3.69 3.56 -1.04 1.68'
(Age) 1.12 2.41 1.00 3.00 1.35

Criterion Means
(1=No PhD; 2=PhD) 1,45 1.36 .1.33 1.0

N=290 N40 N.=19 N=398
Within-Group
Multiple R's

Group Equations .12 .22 .10 -.02

SECONDARY Total Equationsa .12 .27 .05 .05 .15

Moderator Means
(Quality Index) 1.07 3.77 3.59 1.26 1.66

SAMPLE (Age)

Criterion Meang

1.14 2.42 1.00 3.00 , 144

(1410 PhD; 2 =PhD) ,1.43 1.42 1.22 1.21 0..39

a
Correlation between observed and predicted score when predicted scores were obtaiiied using

regression weights from the total primary sample.
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TABLE 6 -

.VALIDITY COEFFICIENTS,'NEANS, AND STANDARD

DEVIATIONS OF TIM PREDICTORS FOR SAMPUS 1 AND 2

(MATHEMATICS)

I'

Criterion

Age

r
.

-:27

Sample 1

X

1.4

22.35

N=423

7

.5'

2.06

r

-.18

Sample

t, X

1. 54

22.71

N=422

7,

A
2*50

.

No. of Books .04 9.92 .40 .10 9.90 .48'

Income/Student .20 9.35 1.35 .17 : ;"24 1.55

Faculty /Student .15 7.98
,

2.67 ,13 7.57 2.88

Percent with Ph.D.
.

.06 7.55 2.88
.

.13 7.61

1.65

2.86

Dept. Rating ..t .18 1.60, 1:09 -.29 1.13

GRE-V .27 62.95 10.96 .32 ' 62,63 11.33

GRE-Q 72.67 9.51 .26 - 71.54 10.14
.

GRE-Adv.

..27

.38 65.93 15-.39 .44 64.93
.

15.94

Ref. Average .23 42.60 9.38 .27 42.59 9.69

UGGPA )
..

.21 252.60 40.22 .24 248.77 43:13

App. Made. .52 2.32 1.52 50 2.37 1.61

Y-n



4

CO

TABLE 7
.

DIFFERENTIAL PREDICTION WITHIN GROUPS BASE.; ON A)3E

(mATHENATxcs)

4

PRIMARY

. ,

Wiiibin -Grou

Multiple R's .

Group Equations

1

Younger

N=358.

.35

Middle.

N=3T

.

.66.

3

Oldet.
.

.fmk -

:SP
.

.48

a

.

Total

.

B1143

.

,

.

Total. Equations,: .. .35 53 .38. .40

SAMPLE Moderator Miens..?
(Age) 21.63. 24.45 27.59 22.35

4

Criterion Means
(1=U0 PhD;.2=PhD) 1.58 1.41 1.32 1.54

N=325 N=58 N =39 N=422

.WithinGroup .

Multiple R's 'AA
.

. ,

Group Equations .43 / 35 ' .28

CROSS- Total Equationsa .43 ' .44 .39

VALIDATION Moderator Meehs

SAMPLE
(Age) 21.60 24.84 28.74 4 22.71

Criterion Means
.(1=No PhD; 2=PhD) 1.59 . 1:43 1.38 1.54

a
Correl tion between observed and predicted score when predicted scores were obtained

using regres ion weights from the total primaiy sample.



TABLE 8
--

DIFFERENTIAL PREDICTION WIVEEN GROUPS BASED ON DEPAATMENT wan INDICES

NA4YIMA.1'1GS)

b. ._... _A...t. . :
- 1- .4. 2 3 Total

i- Quality

N =317

,Within -Group

Multiple R's
. 1. .

AWRY Group Equations '54
Total Eouations .54

./ 7'

SAMPLE Moderator Means

4 (Quality Index) 1.00

Criterion Means
(1=No PhD; 2=PhD) 1.61

n.508

Within-Group'
Multiple R's

ettop Group Equations'

VALIDATION

H MedQuelity Low-Quality*
i -

N=52 . N=54 N=123

37 .6o ,

.19 50-, .140

2.75 4.00 1.60

I.40 4-33' 1.514

11.49 N=65 N=422

Total Equationsa 9 .

Moderator Means
SAMPLE

(Quality Index) 1.00

Criterion Means
(1=No PhD; 2=PhD) 1.62

S

54 .26

.

45 .24 x .44

g6I 4.00 1.65*

1.40 1.29 1.54

ik Correlation between observed and predicted score when predicted scores were obtained
usihg regression weights from th'e total primary sample.

1 c/
.116



TABLE 9
I

D/FFERENTIAL PREDICTION WITHIN GROUPS BASED ON DEPARTMENT QUALITY INDICES AND AGE

(MATHEMATICS)

PRINARY

SAMPLE

Within-Group
Multiple R's

1 ' , 2 ' 3. . 4' Total
8i- Quality Low- Quality. Hi-tole-Utz Low?QuaL1..ty

Young Young Old Old

N=106 N=24 N=211 N=82 11=423

I
Group Equations .20 , .52. .40 ..43 .
Total Equations .17 .38 .39 .40 .10

Moderator Means
(Qual4ty Index) 1.00 .4" 3.54 1.00 3.54 1.60
(Ace) 20.64 20.88 22.91 23.56 22.35

Critexabn Means '
(1=No PhD; 2=PhD) 1.69 1.42 1.37 1:35 1.33

SECONDARY

SAMPLE

N=114 N =17 N=194 . N=97 N=422
Within- roup '
Multiple Ribs

Group Equations .31 .73 .36 .29
Total Equationsa .35 .65 .36 .31 .4)t

Moderator Means ''.

(Quality -Index) 1.00 3.29 3.00 3.42 1.65
(Age) 20.78 20.63 23.07 24.63. . 22.71

Criterion Means. .

' .(1=No PhD; 2=PhD) 1.73 s1.33 1.36 1.31 1.35

aCorrelation
beiaveen observed and predicted score when predicted, scores were jebtained usin

regression weights from lhe total primary sample

23
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TABLE 10

VALIDITY COEFFICIENTS, MEANS, AND STANDARD

1DEVIATICMS OF THE PREDICTORS FOR SAMPLES 1 AND 2

(C1624ISTRY)

Sample 1

r it

,

.

Criterion ...: -
.:

.1.75
.

/tie -.29 22.10

No. of Books.' .08 9.82

Income/Student .12 9.44

Faculty/Student .08*
.

7.89

Percent with Ph.D. -..05 7.11'

'Dent: Rating -.14 - 1.36

oF.E.:v .15 59.66

GRE-Q .28 69.26

GRE -Adv. .33 67.41

ReT. Average
:

.30 41.48

MGM .27 246.93

App. Made .4? 2.43
4

I

N=322 Sample 2 N=321

r L. \ X

- .43 - '''''' 1:74
, __,..---

1.81 ''-=.28 22.26

.59 t , .01 9.84

.
1.12 .14 , 9.24

2.66 .04
.

7.37

2.99 .12 7.07

.79 -.22 1.39
,

10.69 .23 58.40

10.70 .34 67.96

11.81 .48 66.27
,-,

9.89 .33 42.23.

44.55 - .36 1247.93

1.48 .39 2.34

cr

.44

1.82

55
1.34

,,,
2.89

,.3-2

.86

10:75

10.70

12.31

.9.15

42.02

. 1.48
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SAMPLE
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TABLE 11

bIBST.RENTAL PREDICTION WITHIN GROUPS BASED ON AGE

:' (CHEMISTRY)

.Within-Group
Multiple Ws

c .

1 2 3 Total

Younger Middle Older

N=114

4Npup Equations .29

Total Equation's . .28

Modezator Means
t(Age) 20.78

teriterien Means
, (1=No PhD; 2=PhD) 1.82

CROSS -

VALIDATION

SAMPLE

N=93

Multiple A's

N=176

...

N=52

.47 .21

.46 .03

22.16 26.14

1.75 1.47

N=188

hr.

N=322
--

.39
0

22.10.

1.75

. N=321

Group Equations .28 .57 .15

Total Equationsa .31 .' .58 .55 .53

Moderator Meads
(Age) . 20.78 22.13 26.-30 . 22.26

Criterion Means ..

-, (1=No PhD; 2=PhD) 1.78 : 1.79 - . 1.40 .' 1.74

a
Correlation between observed and predicted score when predicted scores were obtained

using regression weights from the total primary sample.

'4
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TABLE 12

A.

S

DIFFERENTIAL PREDICTION WIT= GROUPS BkSED'ON DEPARIMIT QUALITY INDICES

(CHEMISTRY)

P8IMARY -

SAMPLE

Within-'Group
MUltipleAss ,

Group Equations
Total Equations

, Moderator Means

(Qualifpx Index)

Criterion Means

(1=No.PhD; 2=PhD)

1

Hi-Quality

-N=253

.39

.38

. 1.00

1.77

2

Med-Quality

N=52

:44

.38

2:25

.69

3 . Total

Low-Quality

N=17 N742

.35

.27 .39

.. 4

4.00, 1.36

1.53 1.74

CROSS-

VALIDATION

SAMPLE

Within -Group

Multiple 11's ,

Group Equationsa
Total Equations

Moderator Means
(Quality Index)

Criterio Means
(1=N D; 2=PhD)

E-254

49
50

1.00

1.77

N44

,

.7
50

2.27
.

'1.70

'

N=23

.03

.63

4.00

1.43

. N=321

' .53

1.39

1.74

a
Correlation between observed and predicted score when predicted scores we e obtained

using regression weights from the total primary sample.



TABLE 13

DIFFERENT/AL PREDICTION WITHIN GROUPS BASED ON DEPARTMENT QUALITY INDICES AND AGE

PRIMARY"

SAMPLE

SECONDARY

SAIeLE

(CHEMISTRY)
t

1 2

Hi- Quality Low-Quality'
Young Young

N=2441 N=18

3

Old

N=48

4 .

Law-Quality
Old

N=12

Total

N=322
Within-Group
Multiple R's

Group Equations
Total 'Equations

.38

.37

.80

.4o.
.25
.19

.84

..25 ,.39

Moderator ,Means

(Quality Index) 1.13 3.50 1.17 3.67 1.36
(Age) 21.47 21.45 24.72 25.27 22.10

Criterion Means
(1=No PhD;.2=PhD) 1.82 1.72 1.52 1.33

1:1?-'230 N=26 N=56 N=9 N =321

Within-Group
Multiple R's

.

Group Equations
Total Equationsa

.43

.44
.36

.57

.54

.58
.23
.52 .531"

Moderator Means
(Quality Index) 1.10 3.69 '1.16 3.56 1.39
(Age) 21.54 21.69 24.93 25.67 22.26

Criterion Means
Jl =No PhD; 2=PhD) 1.81 1.69 1 . 1.22 1.74

a
Correlation between observed and predicted score when predicted scoretf were obtained usjng

regression weights from the total primary sample.
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Appendix A

Supplementary Analysis of Within School

Validity Coefficients

Following the release of the non-technical report' on this project,
questions as to. the value of the data presented to the chairman of a
particular department were raised. These were primarily concerned with
the effect of between-school differences on the correlations between the
predictor variables and the criterion of degree completion. It was
suggested that the results would be more useful to department chairmen
if these between-school differences were removed Ad the correlations
recomputed. The resulting correlations would give a more direct answer
to the question: "Within a given institution, how such help are age,
GRE-V, GRE-Q, GRE-Adiancedz Reference Average, and Undergraduate Grade
Point Average fn predicting completion?"

To. remove between-school differences, all variables describing

individuals were measured as deviations from their respective school
means. We were then able to pool the data across schools and thus
arrive at a single estimate which may be considered a kind of weighted
.average of the within-school validity coefficients.

Table la presents both the 0-order validity coefficients as well
as the correlations based on deviations from school means for the

Insert Table la about here

Mathematics NSF applicant samples. The deviation correlations are
somewhat smaller than the simple 0-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 correlation are
compared with the 0-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 across both mathematics samples.

The predietton'of doctorate attainment is Psychology, Mathematics,

and Chemistry. Graduate Record Examinations Board, Preliminary
Report, Educational Testing Serice, Princeton, New Jersey.
August 1972.

3
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Table 2a preients similar data for the two'samples of Chemistry NSF
applicants. Once again, the single best predictor is the GRE-Advanced

Insert Table 2a about here

test. Unlike the Mathematics results, there seems to be no consistent
rank ordering for the "next best" predictors across both Chemistry
samples, It does, however, seem that Undergraduate Grade Point Average
is a more accurate predator of Ph.D. attainment for Chemistry NSF
ipplicants'than for Mathematics NSF applicants. Similar conclusions
resulted from the path analysis approach2 described earlier. It is

interesting to note that age tends to maintain its predictive accuracy
after the school means are removed. This suggests that older NSF
applicants (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 does 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 generally
acceptable level for academic admissions purposes.

/
These results suggest that further analysis does not seem'to be

warranted.

2 Similar to the goals of fle deviation procedure, path analysis
attempts to control for chool effects by incorporating depart-

.mental quality indices in a pre-specified "caudal model." The
resulting path coefficients are more closely akin to part cor-
relations, however, rather than partial correlations.

. 411

(..)
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Table la

CORRELATION COEFFICIENTS OF SELECTED STUDENT AND SCHOOL
VARIABLES WITH DOCtORATE ATTAINMENT IN MATHEMATICS

,

AGE

GRE -V

GRE -Q.

GRE-ASV

REFERENCE
AVERAGE

UNDERGRADUATE
GRADE POINT *.

'AVERAGE

-.17

.27

.27,

.38

.23

.21

SAMPLE'I

,

r
b

-.10

.19

.23

.31

.16

.15

ra

-.18

.32

.26

.44

.27

.24

SAMPLE II

r
b

-.15

.27

.36

.19

.20

N-423
.

a

'22.35 2.06

62.95 10.96

-72.67 9.51

65.93 15.39

42.60 9.38

2.52 .40

No.422

a

e

22.71 .2.50

62.63 11.33

71.54 10.14

64.93 15,94.

42:59 9.69

2.49 .43.

r
a

is the simple. product moment

across all schools.
correlation betIeen the selected variables and Ph.D. attainment

r is the same asra except all individual scores are deviations
be considered a kind of weighted average of the within school

.
4J

from the school means. This *may

correlation.
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.Table 2a 0

CORRELATION COEFFICIENTS OF SELECTED STUDENT AND SCHOOL
!VARIABLES WITH DOCTORATE-ATTAINMENT IN CHEMISTRY

,.

AGE

GRE-V

GRE-Q

GRE-AiV

REFERENCE
AVERAGE

'UNDERGRADUATE
GRADE POINT
AVERAGE

-4

r
a

-.29

.15

.2e

s
.33

.30

47

.

SAMPLE I

r
b

4E.27

.15

.28

.31

.26

4

.

r
a

-.28

.23

.34

.48

.33

.36

NF322

22.10

59.66

69.26

67'.41

_,

41.48

2.47

.

1.81

10.69

10.70

»,

11.81

9.89

.45

41

22.26 1.82 -43'

58.40 10.75 .15
7

67.96 % 10.70 .24

66.27 12.31 .39

..%

42.23 .9.15 .27

2.48 .43 .35

SAMPLE II

N=321

il a r
b

`Vi

r
a'

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

4114

b
r is the same as ra eacut all individual scores are deviations from the,school means. This may

T be cOrisideied a kind of weighted average of the within school correlation.
"

p 4
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