“Productivity” of

Undergraduate Institutions

New analyses show that a college’s output of doctors
of philosophy depends largely on its input of students.

The role played by the undergrad-
vate college in stimulating its students
to go on for the Ph.D. degree has been
the subject of considerable controversy
(7). Although the original conclusions
of Knapp and his associates (2) on
Ph.D. “productivity” have been ques-
tioned in several later studies (3, 4),
their early work was significant in
demonstrating one important fact: un-
dergraduate colleges differ widely in
the proportion of their graduates who
eventually obtain Ph.D. degrees.

Most of the controversy has been
concerned with the interpretation of
these institutional differences in output
of Ph.D.’s. Some investigators have
concluded that highly productive insti-
tutions foster or encourage eventual
attainment of this degree among their

students more than less productive in- .

stitutions do; others have suggested
that an institution’s Ph.D. output may
be mainly a function of the kinds of
students it recruits in the first place.
Holland (3), for example, has pointed
out that the “high productivity” colleges
cited by Knapp et al. without exception
recruit higher proportions of Merit
scholars than the “low productivity”
colleges. In a subsequent study, Thistle-
thwaite (5, 6) found that, even after
corrections are made for the ability
level of the entering students, marked
differences in institutional “productivi-
ty” remain. In a sample of 36 colleges,
he found that these differences were
closely related to certain aspects of the
college environment or “press.” More
recently, however, I have shown (4)
that the output rates of these 36 col-
leges are related to the percentage of
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entering students who plan to major in
natural science and the percentage who
aspire to the Ph.D. degree, as well as
to the academic ability of these incom-
ing students. Moreover, when the ef-
fects of these two additional student
input characteristics were partialed out,

.the correlations between college “press”

and “productivity” either disappeared
entirely or were considerably reduced.
In fact, a recent study by Holland and
me (7) demonstrates that much of
what has been called the college “press”
can be predicted from a knowledge of
certain personal and intellectual char-
acteristics of the students enrolling at
the institution.

These latter studies highlight the
need for a study of college “productiv-
ity” which takes into account differ-
ences among institutions in their stu-
dent inputs.

The study described here uses a
new method for assessing Ph.D. pro-
ductivity—one which, it is hoped, cor-
rects for most of the relevant differences
in the kinds of students recruited by
different colleges. In addition, this
method is essentially longitudinal rather
than cross-sectional, thereby eliminating
the retrospective assumptions necessary
in most of the previous work.

To begin with, the term productivity
was redefined. The proportion of bache-
lor’s degree recipients who eventually
obtain the Ph.D. is, strictly speaking,
not a measure of a college’s productivi-
ty; it is, rather, an output rate. This
distinction can be made clearer by an
analogy from physical science. In the
field of mechanics, the productivity or
“efficiency” of a machine cannot be
determined solely in terms of the energy
or work produced. On the contrary,

efficiency is defined as a ratio between
energy output and input. Obviously,
machines with identical outputs can
have quite different efficiencies, depend-
ing upon their inputs. In the same way,
then, the efficiency or productivity of
the college as a generator of Ph.D.’s
must be viewed in terms of a relation-
ship between its student output and its
student input. ;

In previous work the proportion of
students who obtain the Ph.D. has
been chosen as the measure of the col-
lege’s student output. If we are to com-
pare this output rate with an input
measure, it is necessary to express
student input in equivalent units. The
general approach to this problem,
which is described in the following
sections, has been to express student
input in terms of an expected output
(that is, an expected proportion of
Ph.D.’s). The “productivity” of a col-
lege, then, is the ratio between its ac-
tual output and its expected output.

Sample of Institutions

A total of 265 colleges and univer-
sities were selected for study. The two
criteria used in selecting each institu-
tion were (i) that a reliable estimate of
the average ability of its entering stu-
dents was available (4, 7), and (ii)
that not more than 5 percent of its
undergraduates had major fields des-
ignated as “unclassifiable” (this latter
criterion is explained below). The bias
in this method of sampling tended to
exclude very small institutions and in-
stitutions with extremely low levels of
student ability.

Determining Actual Outputs -

Actual Ph.D. outputs were calculated
from National Research Council tables
which give the undergraduate college
origins of persons who received Ph.D.’s
in 1957, 1958, and 1959 (8). The out-
put rate for each institution was de-
termined by dividing the total number
of Ph.D.’s obtained by its graduates
during the period 1957-59 by the total
number of bachelor’s degrees awarded
during the years 1951, 1952, and 1953
(9) (these years represent approximately
the median years of graduation from
college for the 1957-59 Ph.D. recipi-
ents). These actual Ph.D. output rates
ranged from 0.000 to 0.229.
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Table 1. Data on Ph.D. and bachelor’s degree recipients. To determine the probability of
obtaining the Ph.D. degree with a given baccalaureate major field, by sex, values in columns 2
and 4, respectively, are divided by values in columns 3 and 5, to give the values in columns 6

and 7.
Ph.D. recipients, Bachelor’s degree Probability of
Major 1958 (No.) recipients, 1952 (No.) obtaining Ph.D.
field
Males Females Males Females Males Females
Business 154 10 32,844 5,288 .005 .002
Chemistry 1,005 72 5,717 1,102 176 .065
Mathematics 253 29 3,389 1,332 .075 022
Psychology 516 88 3,789 2,839 136 031

Actual output rates were also com-
puted separately for two broad Ph.D.
fields: natural science (NS) and arts,
humanities, and social science (AHSS).
Actual outputs in natural science ranged
from 0.000 to 0.213; in arts, human-
ities, and social science they ranged
from 0.000 to 0.092.

Determining Expected Outputs

Two basic questions must be answer-
ed in determining a college’s expected
output of Ph.D.’s. First of all, what
characteristics of students entering col-
lege are predictive of their eventual
level of academic attainment; and, sec-
ondly, what are the magnitudes of the
relationships between these character-
istics and the eventual level of academic
attainment? Fortunately, there are sev-
eral recent studies which provide evi-
dence for answering these questions.
Harmon (70) has shown a marked rela-
tionship between a person’s intelligence
and the probability of his obtaining the
Ph.D. degree. Several studies conducted
at the National Merit Scholarship Cor-
poration (4, 7) suggest that, in addition
to intelligence, the student’s sex and
choice of undergraduate major field
also affect the probability of his eventu-
ally obtaining the Ph.D. On the basis
of these studies, the decision was made
to compute “expected Ph.D. outputs”
for each college on the basis of the

intelligence, sex, and major fields of its
students.

National Research Council data on
the high school and college backgrounds
of 1958 Ph.D. recipients (8) were used
in calculating the expected outputs.
These data provided breakdowns on
the intelligence, major fields in college,
and sex of those people who were
awarded Ph.D.’s by universities in the
United States during 1958. The proba-
bility that an undergraduate of a given
sex and a given major field in college
would eventually obtain the Ph.D. was
estimated as follows: since the median
year of graduation from college for
these 1958 Ph.D.’s was 1952, U.S. Of-
fice of Education tables of “earned
degrees” for 1952 (9) were consulted to
determine the total numbers of bache-
lor’s degrees awarded by all colleges
in the United States, by sex, in each
major field. By combining these data
with the data on sex and undergradu-
ate major fields of the Ph.D. recipients,
it was possible to form a two-way table
which showed the probability of ob-
taining a Ph.D. for a person of either
sex with a given baccalaureate major
field. This procedure is illustrated in
Table 1, for four of the undergraduate
major fields.

It may be seen from Table 1 that
the student’s undergraduate major field
and sex are major factors affecting his
chance of obtaining the Ph.D. Males
with undergraduate majors in psychol-

Table 2. Correlations between expected and actual Ph.D. outputs for six types of institutions.

Correlation between expected and actual outputs

Insti-
Type tutions Natural Arts, humanities,

(No.) science social science Total
Technological institutions 14 .99 ) .69 .98
Men’s colleges 19 44 .76 .66
Men’s universities 11 .90 .87 93
Women’s colleges 27 .58 .78 77
Coeducational colleges 97 .70 .70 81
Coeducational universities 97 72 47 62
All institutions 265 .86 .62 18
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ogy, for example, are about 68 times
more likely to obtain Ph.D.s than
females with undergraduate majors in
business. The procedure followed to
obtain the probabilities of Table 1 was
also followed to obtain separate proba-
bilities of obtaining the doctorate in
natural science and in arts, humanities,
and social science. For example, a
male with an undergraduate major in
chemistry has a .168 chance of obtain-
ing a Ph.D. in a field of natural science
but only a .008 chance of obtaining
one in a field of the arts, humanities,
and social science.

The same breakdown, by sex and
major field (Table 1, columns 4 and 5),
that was obtained for the 1951, 1952,
and 1953 graduates was obtained sepa-
rately for each of the 265 undergradu-
ate institutions. The initial expected
Ph.D. output for each college was ar-
rived at by multiplying the number of its
graduates in each sex-times-major-field
cell by the corresponding probability
for that cell (Table 1, columns 6 and
7) and summing the products. Three
initial expected outputs (total, NS, and
AHSS) for each institution were com-
puted in this manner.

The final step in determining ex-
pected Ph.D. outputs was to correct
these initial estimated outputs for the
ability level of the student body (the
method used to determine these ex-
pected outputs is similar to that used
for determining outputs based on sex
and major field). Since the overall
probability of obtaining the Ph.D. for
all 1952 recipients of the bachelor’s
degree was .0241 (8011 Ph.D.’s in 1958
per 331,924 graduates in 1952), the ob-
jective was to obtain for each college
an ability correction factor X/.0241,
where X is expected output based only
on the ability level of its students.

Harmon (70) has divided the 1958
Ph.D. recipients into 12 groups by
level of intelligence. By estimating the
numbers of 1952 bachelor’s degree re-
cipients falling into these same 12 1.Q.
intervals (71), the probability that a
graduate in a given 1.Q. interval will
obtain the Ph.D. was determined. Then,
by estimating the proportions of stu-
dents at a given college A who fall
into these I.Q. intervals (72), an ability
correction factor  X./.0241 for that
college was computed as follows:

S (piAd)
i=1

.0241

X4
.0241

where p: is the probability of obtaining
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the Ph.D. for a bachelor’s degree re-
cipient in the ith 1.Q. interval; A« is
the proportion of students of college A
that fall in the ith 1.Q. interval; and
.0241 is the median probability of ob-
taining the Ph.D. for all bachelor’s de-
gree recipients.

Note that if college A’s X value
(expected output rate as predicted from
the ability level of its student body)
were 0.0482, its ability correction factor
would be 0.0482/.0241, or 2.0. This
means that, on the basis of ability alone,
we would expect college A’s graduates
to obtain Ph.D.’s twice as frequently
as the typical college graduate. For the
265 institutions, these ability correction
factors ranged from 0.46 to 2.84.

To obtain final expected Ph.D. out-
puts, each institution’s initial (from sex
and major field) expected output rates
—total, NS, and AHSS—were multi-
plied by the ability correction factor
for that institution. The ranges of these
final expected Ph.D. outputs for the
265 institutions were as follows: total,
from 0.003 to 0.201; NS, from 0.000
to 0.184; and AHSS, from 0.001 to
0.093.

24+

214

Actual Ph.D. output
~
1

Predicting Actual Output

Table 2 shows the Pearson correla-
tions between expected and actual Ph.D.
outputs for each of five types of institu-

“tion. The substantial size of most of

the correlations suggests that much of
the variation among undergraduate in-
stitutions in Ph.D. output is a function
of student input. Technological institu-
tions and men’s universities, in particu-
lar, appear to have Ph.D. outputs which
are highly predictable (.98 and .93, re-
spectively) from student input. The
poorest predictions occur in the case
of men’s celleges and coeducational
universities (.66 and .62, respectively).

Figures 1 to 5 show the relationships
between actual total Ph.D. output and

- expected total Ph.D. output for each

of the five types of institution. (Coedu-
cational colleges and women’s colleges
were combined in a single plot, Fig. 4,
since differences in correlation coef-
ficients and in regression coefficients be-
tween these two categories were not
significant.)

In each of these figures the actual
regression line is shown; a 45-degree

Actual Ph.D. output

line would represent a productivity
ratio (a ratio of actual to expected
Ph.D. output) of 1.00. Institutioris fall-
ing to the left of a 45-degree line
would be “overproductive” (that is,
their actual output would exceed their
expected output), whereas institutions
falling to the right of the line would
be “underproductive.” Of special in-
terest is the suggestion that men’s in-
stitutions (Figs. 2 and 3) are generally
underproductive. Technological institu-
tions, on the other hand, tend to be
overproductive. i
The slopes of the regression lines in
Figs. 1 to 5 were compared by means
of an analysis-of-variance test for homo-
geneity of regression. The mean slope
(regression coefficient) for the 265 in-
stitutions was .81. The test revealed
that two of the subgroups, technologi-
cal institutions (Fig. 1) and men’s col-
leges (Fig. 2), had slopes which differed
significantly (p < .01) from .81. In the
case of technological institutions, the
slope was significantly steeper (1.13),
whereas with men’s colleges it was
significantly flatter (.37). Men’s uni-
versities also tended to produce a flat-

*e r=,66
8 T T T T T T T 1
[+] 2 4 6 8 10 12 14 16
Expected Ph.D. output {percentage of bachelor's degree recipients obtaining Ph.D.)
6
/ 10 -
" r=.98
3~ '/'
»
/
A
T T T T T T 1
o] 3 6 9 12 15 18 21

Expected Ph.D. output
(percentage of bachelor's degree recipients obtaining Ph.D.)

Fig. 1 (above). Relationship between expected and actual
Ph.D. outputs for technological institutions (N=14).

Fig. 2 (above right). Relationship between expected and
actual Ph.D. outputs for men’s colleges (N=19).

Fig. 3 (right). Relationship between expected and actual
Ph.D. outputs for men’s universities (N=11).

13 APRIL 1962

Actual Ph.D. output

L4 L
o . 2 4 6. 8 0 12
" Expected Ph.D. output

(percentage of bachel

's degree recipients ob

131



Table 3. Comparison of the productivity of
six types of institutions: x? = 15.971; p < .0L.

Over- Under-
productive productive
Type (ratio (ratio
> 1.00) < 1.00)
(No.) (No.)
Technological
institutions 9 5
Men’s colleges 3 16
Men’s
universities 1 10
Women’s
colleges 14 13
Coeducational
colleges 46 51
Coeducational
universities* 48 48
All institutions 121 143

* One coeducational university, which produced
a productivity ratio of exactly 1.000, has been
omitted.

ter slope (.64), but this did not differ
significantly from .81 (p > .05).

These differences in slope suggested
that there might be significant differ-
ences among the types of institutions
in their productivity ratios. To test this
notion, institutions in each of the origi-
nal six groups were classified as either
“overproductive” (ratios greater than
1.00) or “underproductive” (ratios less
than 1.00) (Table 3). It appears from
Table 3 that men’s institutions—col-
leges as well as universities—tend to
be underproductive. This conclusion
was confirmed by the chi-square test of
the cells in Table 3, which proved to
be significant (p < .01). Removal of
men’s universities from Table 3 does
not reduce the chi-square to nonsignifi-
cance, and removal of the men’s col-
leges reduces it only to borderline sig-
nificance (.10 > p > .05). There is, then,
the strong suggestion that both groups
of men’s institutions in this sample are
significantly underproductive of Ph.D.’s.

It might be argued that the apparent
underproductivity of the men’s institu-
tions reflected some artifact in the cal-
culation of expected outputs—that is,

Table 4. Productivity of colleges by geo-
graphic region (men’s institutions have been
omitted): x*=6.487; p > .05.

Over- Under-
. productive productive
Region (ratio > 1.00) (ratio < 1.00)
(No.) (No.)
New England 8 10
Middle
Atlantic 23 18
South 22 29
Middle West 40 26
West 24 34
Total 117 117
132

perhaps the correction for sex was
somehow overestimated. But three other
findings contradict this interpretation:
(i) women’s colleges did not tend to
be overproductive; (ii) no relation-
ship was found between productivity
and the sex ratio of the student bodies
at coeducational institutions (this is
discussed later); and (iii) the techno-
logical institutions, which are attended
almost exclusively by men, tend to be
somewhat overproductive.

Table 4 shows results for the over-
productive and underproductive col-
leges arranged by geographic regions
(the men’s institutions have been omit-
ted, because they are concentrated al-
most exclusively in the northeastern
states). There is some tendency for
colleges located in the Middle West and
the Middle Atlantic states to be over-
productive, but the trend is not signifi-
cant (x* = 6.487, p > .05).

To investigate geographic factors in
the productivity of men’s institutions,
the men’s universities and colleges
(not including technological institutions)
were grouped into two regions: North-
east and Other regions (Table 5). The
chi-square value in Table 5, with cor-
rection for continuity, is significant
(x* = 4.338, p <.05), suggesting that
men’s institutions located in the north-
east tend to be more underproductive
than men’s institutions located else-
where.

The final gross institutional correlate
of productivity to be investigated was
the type of control. For this purpose,
institutions were classified as being
under public, private (nonsectarian),
Protestant, or Catholic control. Tech-
nological institutions, all of which are
nonsectarian, and men’s institutions
were omitted. Table 6 shows the re-
maining institutions classified by type
of control. It is apparent from Table 6
that private institutions, whether non-
sectarian, Protestant, or Catholic, tend
to be much less productive than public
institutions. The significant chi-square
test confirms this conclusion (y°=
12.264, p < .01). When public institu-
tions are removed from Table 6, the
chi-square drops to nonsignificance
(p > .05).

Why public institutions should tend
to produce more than their expected
proportions of Ph.D.’s is difficult to ex-
plain. It might be that, because of the
relatively high attrition rate among
students at certain public institutions,
we have underestimated the ability level

of the graduates and thereby under-
estimated the expected outputs of these
institutions. However, since we failed
to find any relationship between pro-
ductivity and our estimates *of student
ability (this is discussed later), this ex-
planation does not appear to be appro-
priate.

Another possibility is that there are
relevant student-input variables other
than sex, major field, and intelligence
which differentiate students who choose
public institutions from students who
choose private institutions. Holland (/3)
has shown, for example, that, even
among a homogeneous group such as
National Merit finalists, students choos-
ing private institutions differ from those

“choosing public institutions with respect

to several personal and socioeconomic
variables. Whether these variables are
related to later academic attainment is,
of course, not known.

College Environments and Productivity

Even though the correlations between
expected and actual Ph.D. output were
generally high, the fact that most of
them were considerably less than unity
suggests that the characteristics of dif-
ferent college environments may ac-
count for the discrepancies between
actual and expected outputs.

In a previous study (5, 6) 36 institu-
tions were classified as “most produc-
tive” and “least productive” in both
natural science and arts, humanities,
and social science. Students attending
these institutions were asked to rate
their faculty on a number of “faculty
behavior” items. Since differences were
found with respect to several of these
items between the faculties at “most
productive” and those at “least produc-
tive” institutions, it was concluded that
“the teacher plays an important role
in motivating talented undergraduates
to seek advanced degrees” (5, p. 75).

In order to evaluate these earlier
findings on the basis of the newer pro-
ductivity rates (rates based on the ratio
of actual to expected output), these
same 36 institutions were reclassified
as overproductive in natural science
(actual NS output greater than expected
NS output) or as underproductive in
natural science (actual NS output less
than expected NS output). They were
also reclassified as either over- or under-
productive in the arts, humanities, and
social science. It was found, after re-
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Table 5. Productivity of men’s institutiox;s in
the northeastern states and in other regions:
x* (with correction for continuity) =4.338;

p < .05, :

Over- Under-
productive productive
Region (ratio (ratio
= 1.00) << 1.00)
(No.) (No.)
Northeast 0 18
Other regions 4 8
Total 4 26

classifying these 36 institutions, that in
no instance were the differences
between members of pairs of over-
and underproductive groups significant
(p = .05) with respect to the 24 items
(10 for natural science, 14 for arts,
humanities, and social science) previ-
ously reported to be related to produc-
tivity. As a matter of fact, even the
direction of the over-under discrimina-
tion was reversed in 14 of the 24 com-
parisons. It would thus appear that the
conclusions of this earlier work with
regard to faculty “influence” are no
longer tenable.

Next, an attempt was made to relate
differences in productivity ratios to a
variety of characteristics of the colleges.
From the entire sample of 265 institu-
tions, the most overproductive and the

most underproductive institutions were

identified. These two extreme groups

@
1

(]
1

Actual Ph.D. output

were then examined to find pairs of
institutions
one underproductive) which had simi-
lar expected Ph.D. outputs. Matches
were made only within subgroups pre-
viously found to show differences in
productivity—that is, men’s colleges
were matched only with other men’s
colleges, public institutions only with
other public institutions, technological
institutions only with other technologi-
cal institutions, and so on. Within these
limits it was possible to identify 35
matched pairs of institutions. The 35
overproductive institutions were then
compared with the 35 underproductive
institutions with respect to 25 institu-
tional characteristics by means of ¢
ratios for correlated means. These 25
characteristics included special meas-
ures of the college “environment” (7),
several indexes of the college’s financial
status (tuition, endowment, research
funds, and so on) (4), and such mis-
cellaneous characteristics as ability level
of the student body, rate of growth, size
of library, and faculty-student ratio.
It was found that for only two of the
25 college characteristics were differ-
ences between the overproductive and
the underproductive institutions signifi-
cant (p < .05). Overproductive institu-
tions were shown to have higher faculty-
student ratios (fewer students per fac-
ulty member) and to charge lower

Actual Ph.D. output

(one overproductive and

Table 6. Productivity by type of institutional
control (men’s institutions and technological
institutions have been omitted): x®=12.264;
p < .01 :

Over- Under-
productive productive
. Type of control (ratio  (ratio
> 1.00) < 1.00)
(No.) (No.)
Public 60 37
Private
(nonsectarian) 14 27
Protestant 25 37
Catholic 8 11
Total 107 112

tuition fees. It should be stressed that
these results may well have occurred
by chance (it is not improbable that,
from sampling fluctuation alone, two
of 25 ¢t ratios will exceed the .05 level).

A careful inspection of the most
overproductive and the most underpro-
ductive institutions from the original
sample of 265 revealed several small,
homogeneous groups of institutions
which are of some interest. For exam-
ple, among the most overproductive in-
stitutions were four colleges located in
New York City: Brooklyn College, City
College of New York, Queens College,
and Yeshiva. Also, all three institutions
located in the state of Utah (Brigham
Young, Utah, and Utah State) were
highly overproductive. It is difficult to
determine whether the overproductivity

r=.62

r=.81
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Expected Ph.D. output

(percentage of bachelor's degree recipients obtaining Ph.D.)

Fig. 4 (left). Relationship between expected and ac-
tual Ph.D. outputs for coeducational and women’s col-
leges (N =124).
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Expected Ph.D. output
(percentage of bachelor's degree recipients obtaining Ph.D.)
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Fig. 5 (above). Relationship between expected and ac-
tual Ph.D.

for coeducational universities
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of these groups can be attributed to the
effects of the institutions themselves.
Certain ethnic or religious characteris-
tics of the students entering these insti-
tutions may be important factors in the
colleges’ productivity. That is, there
may be motivational factors associated
with certain cultural or religious groups
in addition to the factors of sex, college
majors, and intelligence level.

A rather unexpected finding was the
uniform  underproductivity of the
eastern men’s colleges reported earlier.
Six of the eight most underproduc-
tive (Dartmouth, Hamilton, Harvard,
Princeton, Wesleyan, and Williams)
were among Knapp and Greenbaum’s
original 50 “top-ranking” institutions
in “productivity.” Why these institutions
should produce consistently fewer than
their expected numbers of doctorates
is difficult to explain. However, when
we examine overproductive institutions
(Antioch, California Institute of Tech-
nology, Oberlin, Reed, Swarthmore,
Wabash) which have expected outputs
similar to those of the underproductive
six, some possible interpretations are
suggested. In the first place, it may be
that graduates of eastern men’s colleges
are more frequently and earlier re-
cruited into business and professional
careers, so that many are diverted from
the pursuit of graduate academic de-
grees. (This interpretation appears espe-
cially tenable when one realizes that
representatives of business and industry
are probably much more aggressive in
recruiting the graduates of high-prestige
eastern men’s colleges than in recruiting
graduates of other institutions.) Sec-
ondly, there may be uncontrolied fac-
tors ‘in student input—factors not
reflected in sex, major field, and intel-
ligence—which contribute to these dis-
crepancies. For example, the attainment
of the Ph.D. may not represent the
same degree of personal achievement
or social mobility to the typical student
at these eastern men’s colleges that it
does to the student of comparable
ability enrolling at other institutions.

Discussion

It is clear from these results that the
actual Ph.D. outputs of a variety of
undergraduate institutions can be pre-
dicted with substantial accuracy from
a knowledge of the abilities, major
fields, and sex ratios of the student
bodies. This fact, together with the
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Table 7. Reliability of the actual Ph.D. out-
put rates as compared with the expected-
actual correlations in six types of institutions.

Correlation of 1957-59 actual
Ph.D. output with

Type Actual output,

Expected 1951-56
outpu (reliability)
Technological
institutions 98 97
Men’s universities 93 95
Coeducational
colleges .81 .87
All institutions .78 .85
Women’s
colleges 711 .84
Men’s colleges .66 .81
Coeducational
universities .62 73

* From Table 2, column 5.

failure to find any consistent relation-
ships between a college’s productivity
and specific characteristics of its en-
vironment, suggests that colleges do
not differ appreciably in the extent to
which they stimulate their students to
seek higher academic attainment or in-
hibit them from seeking such attain-
ment. (Exceptions to this are, of
course, the public institution and the
eastern men’s college, but here again
it may be that we have not yet recog-
nized and made allowance for all the
relevant differences in student input at
institutions of these types.)

If we assume, then, that Ph.D. out-
put is primarily a matter of student
input, rather than of special college in-
fluence, how can we account for the
varying degree of success with which
actual output can be predicted from ex-

_pected output from one type of college

to another (Table 2)? One possibility
lies in the relative reliability of the ac-
tual output rates used (for some col-
leges, particularly those with very low
output rates, a difference of only one
or two actual Ph.D.s can drastically
alter the actual output rates). If the
reliability of these actual output rates
is indeed a factor in the success with
which output can be predicted, we
would expect to find the most reliable
output rates in those subgroups of in-
stitutions where the correlation between
expected and actual output is highest.

To explore the validity of this expec-
tation, the 1957-59 output rates used
in this study were correlated with the
1951-56 output rates used in previous
studies (4-6). The reliability estimates

are presented in Table 7, along with the .

original correlations between expected
and actual outputs. It is evident from

Table 7 that the more reliable the ac-
tual output rate is, the more accurately
it can be predicted from expected out-
put rates (the rank correlation between
the two sets of correlations in Table 7
is 1.00). It seems safe to conclude that
differences in the reliability of the ac-
tual rates contribute to differences in
the degree of success with which pre-
dictions can be made from expected
rates (14).

Other factors which tend to reduce
the expected-actual correlations are er-
rors in the expected output rates (15)
and, as mentioned previously, the pos-
sibility that there are uncontrolled stu-
dent-input variables. When these two
factors, as well as the evidence on the
reliability of the output rates, are taken
into consideration, the correlations
shown in Table 2 can be regarded as
conservative estimates of the true rela-
tionship between student input and
Ph.D. output.

These results suggest that it might be
well to consider abandoning “Ph.D.
productivity” as a useful criterion in
comparing or evaluating the effects of
the undergraduate institution on the
student’s motivation. This is not to say,
of course, that attainment of the Ph.D.
is an unimportant variable, but simply
that there appears to be little reliable
residual variance in productivity which
one might attribute specifically to the
influence of the college. Moreover,
there are several other criteria of later
student achievement (for example,
teaching effectiveness and research com-
petence) which may prove to be more
dependent on the influence of the col-
lege than Ph.D. productivity is.

It should be stressed that we are
speaking here of the gross influence of
institutions. It is probable that within
a given institution there are certain pro-
fessors, student associates, and particu-
lar experiences which encourage the
individual student to attain the Ph.D.,
or inhibit him from attaining it. When
the overall productivity of the institu-
tion is evaluated, these experiences
could well counterbalance one another
and thereby not be reflected in a gross
output measure. An intensive study of
these intracollege influences on the stu-
dent may prove to be much more re-
warding than a study of gross influence
as a means of learning what specific
educational practices affect the student’s
motivation to seek graduate training.

As an alternative to an experimental
study of the effects of colleges (such a
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study is, of course, not feasible since
students cannot be randomly assigned
to colleges), the method used in this
study would appear to be useful in ar-
riving at inferences about effects of the
college on the student. One of the
drawbacks of methods used previously
(4-6) is that the corrections for student
input were based on correlations in
which the institution was used as the
unit of sampling. When real differences
- in institutional effects are assumed to
be present, this correlational procedure
tends to partial out the institutional
effect along with the input variables
(“to throw out the baby with the bath
water,” so to speak). In contrast, in
the approach used in this study an ac-
tuarial method is used for weighting
student-input characteristics, whereby
students are pooled without respect to
the institutions they attend. An actuarial
table of this nature can accommodate
any number of input variables (sex X
major field X intelligence X . . . n), as
long as there is a sufficient number of
students in each cell to produce stable
probabilities. Note that, under these
conditions, institutional effects (if they
exist) would not be partialed out. The
major problem in this (or any other)
method is, of course, that of insuring
that we have included in the actuarial
table all input variables which might
reasonably be expected to relate to
output.

Summary

A new method for evaluating the
“Ph.D. productivity” of undergraduate
institutions was applied to a sample of
265 institutions. It was found that a
college’s actual Ph.D. output can be
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predicted relatively accurately from an
“expected” output based on the sex,
major fields, and intelligence level of
its students. Public institutions were
found to be significantly overproduc-
tive, and eastern men’s colleges and
universities were found to be signifi-
cantly underproductive. Previous find-
ings indicating that the faculty had a
causative effect on productivity were
not confirmed. These results suggest
that Ph.D. productivity may not be a
sensitive measure of the effectiveness
of undergraduate institutions.
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