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Introduction

This papcr follows an earlier article (Dolan, Jung & Schmidt;, 1985) in
which we examined the production process of higher education. Two aspects
of the original study serve as the basis for this papcr and thus warrant
bricf review.

First, we have argued that educational production does not lend itself
to analysis as a production function in the classic sense.! A simple production
rendering ignores the fact that two of the more important factors, students
and faculty, enter the process upon considerable self-selection, especially
among the more highly qualified of these inputs. This reasoning led us to
model educational production as a threc-equation simultaneous system in which
the quality of students, faculty, and college output were treated endogenously.
The results of that rescarch confirmed the strength of interdependencies
existing among the endogenous variables, thus recommending simultaneous
estimation as the appropriate methodology for evaluating factors in educational
production.?

The earlier article also introduced a unique measure of educational
output. Production across baccalaureate institutions was measured in terms
of the number of alumni who received Ph.D.'s. The usefulness of this tvpe
of output measure was noted for its policy implications. Typically, income
or achievement test scores have been used as a proxyv for educational output.

Because thesc data are specific te individuals and not institutions, previous

'This concept is discussed bricfhy by Summers and Wolfe (1977, p.639).

although it is not the focus of that article.

2McGuckin & Winkler (1979, pp. 242-43) make a similar argument for analvsis
the intra-university level.  They emphasize that although all students

have access to the samc potential level of university resources. students
rcalize that potential at widely disparate rates. Their results show that
studics which treat resources exogenously understate their role in dcter-
mining student achievement.



studics have tended to identify factors that affect individual achievemcnt
within a single school svstem or college (Astin, 1968; Bowles, 1970, Summers
& Wolfe, 1977, McGuckin & Winkler, 1979). Since  institutional
characteristics have been held constant, differential aptitude, effort, and
social background have dominated the explanation of variability in student
achievement. However, variance in these latter factors were arguably less
pronounced due to the cross-sectional orientation of our sample to exclusively
private, principally undergraduate schools.  For this reason, our model related
differences in institutional characteristics -- student and faculty quality,
and per capita expenditures on various facets of education -- to differences
in institutional output. Thus the policy implications, there as ‘well as in
this study, are recommendations for enhancing institutional production, not
individual achievement.

Largely, the current paper extends the conceptual framework of our earlier
work by applying a data set which is enhanced in significant respects. First
and foremost, while retaining the concept of alumni career achievement as a
measure of college production, this output measure is broadened to include
M.D. and J.D. recipients.> The school sample has also been increased to 336
institutions, roughly twice the number in the original study. Bevond the
obvious advantage of reduced sampling error, this larger sample works to
correct a sampling bias which might have existed before. The original source
of school rank by Ph.D. alumni was limited to the top 200 private institutions.
Thus one might argue that the earlier model was in the situation of attempting

to glean qualitative differences between schools which, by virtue of being

%For a discussion of the applicability of alumni achievement as a measure
of institutional output. se¢ Dolan, et al,, p. 514, especially Note 4.
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among the top 200 baccalaureate producers of Ph.D.s, were qualitatively similar,
at least in a broad sensc. The current sample offers greater variance in
the output measure and thus an improved empirical base for testing our
simultaneous model of educational production. At the same time, the new
sample retains 1its exclusive focus on private, primarily undergraduate
“institutions. The homogeneity of the sample in this respect is important
since the structure of our model implies an administrative utility function
with arguments, or at least a rank of arguments, which may not be characterize
university objective functions in general* Finally, the current data set
is enhanced by additional variables.

Generally, the new results are heartening in the sense that they indicate
a degree of robustness in our earlier method. However, this extension has
also afforded an element of self-scrutiny which leads us to suggest an important

direction for further research in this area.

I. The Model

The production relationship for higher education expresses output (e.g.,
income or GRE scores) as a function of university resources (c.g., faculty,
capital plant, endowment) and student characteristics (e.g.. SAT scores,
family background data). In functional form:

(1) Q = [(R.S)
where Q. R, and S dcnote output. rcsources, and student characteristics.

As discussed earlier, a model of higher educational production must reflect

‘Here. of course. we referring to the difference in emphasic on rescarch

and publication at majior universitics in relation to the administrative and
facultly wutility functions. The impact which a differcntly oriented sample
of institutions would have for the structural specification of our model are
cvident from Garvin's (1980) extensive theoretical and -empirical treatment
of university bchavior. See especially Chapters 3, 5. and 6.
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the broader perspective that the quality of output can influence the quality
of 1inputs, and that certain institutional resources may themselves enhance
the quality of these inputs. To address this interdependence, the relationship
expressed in Equation (1) is more appropriately specified by the following

three-equation simultancous system.
(2) Ty; + Bx; = u;

a vector of three endogenous variables for school output (Q),
student quality (S), and faculty quality (F).

where v

[

x. = a vector of fourteen exogenous variables, each generally
representing institutional characteristics, e.g., tuition,
endowment, etc.

I' = 3x3 matrix of endogenous variable coefficients.
g = 3x14 matrix of exogenous coelficients.

u. = a vector of three error terms assumed to be distributed normally
with zero mean and constant variance. Errors may be correlated
across equations.

i = observation index for 336 private, undergraduate-oriented
universities. These are AAUP Category IIA (have diverse
post-baccalaureate programs, but do not engage in significant
doctoral-level education) and IIB (have diverse baccalaurcate-
level programs, but do not engage in significant post-
baccalaurecate education) schools.

Implicitly the model is written:

(3) Q = fo (S, F, K, AC. AD. FSR. USR. %MSTUD, ug)
(4) S =fg(Q. F. T, K. AC, SCH, L, FSR, USR, %MSTUD, ug)
(5) F = f; (Q. S. E, K, AC, RE. FSR. USR. NA, GL, W, up)

where Q 1is the number of alumni Ph.D., M.D and J.D. recipients; S is the
third quartile SAT score of the cntering freshman class. and F i associate
level faculty salary. To adjust for differences in school size, most obser-
vations are expressed in per student-capita terms. Details on the listed

variables appear in Table .



Table I: Variables Within the Modec!
Mean & Max %9 ds aF
Variable (X) Std.Dev. Min X ax X Definition and Comment
Output (Q) 17.60 81.96 + + Alumni Career achievement: sum of Ph.D.,
14.55 0.72 M.D. & J.D. alumni as described below
and weighted to reflect 10 year period.
Ph.D 8.64 48.51 Number of alumni Ph.D. recipients from
6.74 .02 1971-1980 per 100 1981 undergraduate
equivalent studente ®
MD 1.73 10.05 Number of alumni M.D. degrees from 1978
1.89 .03 - 1982 per student-capita.©
J.D. £.39 34.92 Number of alumni J.D.s from
5.93 .00 196E-1977 per student-capita.
Students (S) 1126.35 1500.0C - + Third quartile composite SAT score of
104.35 720.00 1981 freshmen class €
Faculty (F) 21.64 31.10 + + Mean salary of us‘fp:iate professors for
2.97 14.50 1981-82 in $1,000
Tuition (T) 4.77 8.37 ? 1981 tuition in $1,000.%
1.31 12
Endowment (E) 19.24 113.02 + 198] endowment per student-capita in
15.63 4.11 $1,0008
Capital (K) 13.45 354 - - ? 1981 book value of the capital plant
5.33 3.7¢ per student-capita in $1,000.8
Academic (AC) 0.42 2.31 + + ? 1981 academic support outlays per
0.28 .04 student-capita in $1,000. Generally. a
substantial part of thir value reflects
library expenditures g
Research (RE) 1.32 52.05 7 191 research suppert outlaye per
4.43 Ry faculty-capita in $1.00C €
Administrative 1.62 8.7¢ + 1981 Administrative support outlays per
(AD) 071 C.15 student-capita in $1,000.F
Scholarshipe 0.7¢€ 2.02 3 1981 scholarehip funde per student-capita
(SCH) 0.42 12 in $1,000.8
Loans (L) 1.02 7.11 ? 1981 student Joan funde per student-capita
072 -.0% in $1,000 8
Faculty /Student §57 1162 < + t 1981 Faculty per 100 full-time
Ratic. (FSR) 147 26w undergraduate equn aients,
Undergraduate e O 10002 <+ < - Undergraduate specialiration ratic
Spenialization 11 &2 KRE ¥ caiculated at the number of actus’

Ratic (USR)

fuli-time undergraiuates per 100 full
time undergraduate ejuivalents

(Continued)



Table 1: (Continued)

Mean & Max gQ gj o F
Variable (X) Std.Dev. Min X X ¢ X Definition and Comrent
% Male Students . 4417 100.0 + ? Full-time male population per 100 of
(RMSTUD) 19.07 0.0 undergraduate full-time population.
Businees Degree 18.76 530 ? ? Percent undergraduate bueiness majorl.'
(%BUS) 18.05 .0
Engineer Degree 1.70 64.0 - ? Percent undergraduate engineering rajors
(RENG) 6.23 0.0
Education Degree 8 68 50.0 - - Percent undergraduate education majors.®
(%XED) .09 0.0
North Atlantic 0.26 1.0 + Binary variables for gecgraphic regione.
(NA) 0.45 - 0.0 Theee binaries are included to control
for salary differentiale thst could be
Great Lakes 0.37 1.0 + attributable to regional coet-of-living
(GL) 0.48 0.0 differences
Wesetern 0.13 1.0 4
(W) 0.33 0.0
a Undergraduate equivalent population reflects the conversion of full and part-time undergraduate and graduate

C

d

students to a full-time undergraduate gtudent equivalent (FUE). These sub-populations are weighted according to
the follewing algorithm

FUE = [(#FU x 1) + (#PU x .25) + (#FG x 1.25) + (#PG x .5))
where #FU ie a number of full-time undergraduates, #FU ie number of part-time undergraduates. #FG ir number of
full-time graduater, and #PG is number of part-time graduates This full-time equivalent number is used in

cemputing all per student-capits obgervations

Scurce: Baccalaureate Sources of Ph.Ds  Rankings According te Institution of Origin Nationai Research Council,
Baltimore, Maryland.

Source: Academy of American Medical Colleges. Washington, D.C.
Source. American Bar Foundaticn, Chicagz. Iliinoeis.
Source: Annual Survey of Colleges {New York The College Board Inz., 1982)

Source: Academe: The Annua! Report cor the Economic Status of the Profession, 1981-19x2 €F Special lscue
(July-Aug 1982, and July-Aug 108Z)

Scurce: Higher Education General Informaticn Survey (HEGIS XVI) (Washingtorn, D.C.: United State: Department
of Education. 1982).



Equation (3) posits that successful Ph.D. candidates are the product of
quality human (S, F, AD) and nonhuman (K, AC) resources. Also the nature
(USR) and intensity (FSR) of the human element are dcemed important in stirring
and sustaining post-graduate ambitions. A school's percentage of male students
(%MSTUD) is included to adjust for the possibility that M.D.s, J.Ds, and
Ph.D.s have been male-dominated degrees.

Equation (4) presents a reduced-form modeling of a somewhat complicated
market -- the market for student qualitv. Viewed as an input, students supply,
and universities compete for, the quality necessary to enhance institutional
reputations. Considering the output of the educational process, however,
students demand and universities supply. Predictions for many of our variables
are unaffected by this complication. For example, we argue that quality
students are drawn, and institutions vie for them, by reputation as reflected
in alumni achievcmcnt (Q), faculty quality (F), physical plant (K). academic
expenditure (AC), and factors indicating emphasis on the student (FSR & USR).
The predicted signs are all positive.

Scholarships and loans (SCH & L) provide mechanisms for an institution
to "buy" student quality. While one might expect the financial lure to draw
better students, Ehrenberg and Sherman (1984, p. 213) find a relatively low
elasticity on the ability of scholarship incrcaées by Cornell to draw the
highest quality applicants from schools revealed by students’ acceptance
decisions to be even more prestigious. Apparently, consumer surplus €xists
at the preferred schools 1n excess of the scholarship differential.  Were
this elasticity low enough among our universitics. the lincar naturc of our
system could evince a negative coefficient for SCH and L. Thercfore, the

predicted sign for these aid variables arc left ambiguous. Tuition (T) is



another variable which introduces subtleties in the quality dimension. A
high tuition should be a deterrent to all students for an equal-quality
product. However, if tuition reflects real or perceived quality differences
not adequately accounted for by our other variables, then T might exert a
positive influence. Finally, the proportion of male students (%MSTUD) is
included merely as a control for the possibilit‘y that males who go on to
college have different SAT characteristics than do females. We have no
prediction regarding SCH, L, T, and %MSTUD.

Equation (5) employs the average associate professor’s salary as our
measure of faculty 'quality. Salary was chosen because of its availability
and objectivity of measurement. Furthermore, within the confines of our
private, undergraduate-oriented sample of wuniversities, this measure is not
appreciably affected by rewards for quality research or by disproportionate
salaries for medical and legal faculty. Thus we assume that salary is a
university’s primary means of attracting and keeping quality faculty in the
long run. The associate level was chosen because these faculty are old enough
to have established their credentials yet voung enough and mobile enough to
take advantage of them.’

Equation (5) can bc viewed as a reduced-form equation of a supply-and-
demand system for faculty quality. On the supply side, quality faculty prefer
working with potential progenyv (Q) and good students (S), ceteris paribus.
On the institutional demand side. two variables are included to control for

salary differentials unrelated to faculty quality. Colleges with low

SReestimation of the system using assistant in place of associate professor
salaries vielded very similar results.  This is not surprising in light of
the high corrclations between salaries at the various levels -- assistant
and associate, 0.873; associate and full, 0.927; and assistant and full, 0.801.



undergraduate specialization ratios (USR) are predicted to have higher average
salaries because of the higher salaries paid to graduate professors, especially
law professors. Further, we anticipate salaries to be higher in the North
Atlantic (NA), Wcstc.rn(\\'), and Great Lakes (GL) regions vis-a-vis the Southeast
because of cost-of-living differences. The remaining variables affect both
supply and demand. The size of an institution's endowment (E) represents
financial security to faculty and ability-to-pay by institutions, both positive
influences. Other variables have offsetting influences resulting in ambiguous-
predictions for the reduced-form coefficients. While faculty. might prefer
better physical facilities (K) and higher academic expenditures (AC), insti-
tutions might view them as substitutes for faculty. And while faculty might
prefer higher research support (RE) and smaller classes (FSR), administration
might view these as income-in-kind.

The foregoing discussion applies to the model as cast in our earlier
article. For purposes of comparison, we re-estimate this model using the
composite carecer achievement measure and the enlarged sample of schools. We
then consider an expanded the model. The additional variables in the expanded
model are described at the end of Table ). Note that the percent of
undergraduates majoring in business (%9BUS), engincering (%ENG), and education
(%ED) are added to the output (Q) and faculty (F) equations. The purpose of
these wvariables is to control for any non-qualitative impact that particular
vocational orientations of schools might have on institutional output and
faculty quality as defined here. For example, the emphasis of our output
measure on graduate degrees might unfairly reflect the production of schools
with high percentages of the business, engineering. or education majors since

thcse undergraduate dcgrees are often terminal. In terms of the faculty



equation, such vocational curricula have staffing requirements which might
imply salarv differentials which should not be interpreted as differences
in faculty quality in general. Rather, such differences may be more
attributable to segmentation between. these quasi-professional labor markets
vi_s—a-vis the more traditional academic disciplines. This control seems
especially appropriate in the case of business and engineering faculties.

On a more technical note, each equation in both systems is overidentified
through the use of zero restrictions. We excluded an exogenous variable
from an equation when we could find no theoretical justification for its
inclusion other than its influence on another endogenous variable. As examples,
the size of a school's endowment might alter output but only through
facilitating capital expansion, scholarships, faculty salaries, and so forth.
Similarly, tuition, research expenditures, scholarships, and loans affect
student and faculty decisions but not output, ceteris paribus. And endowment
15 excluded from the student quality cquation since the manifestations of
a large endowment (campus beauty, faculty size and quality) are much more
obvious to students than is the endowment itself. The identification issue

i1s considered further in Section 111.

II. Empirical Results

Table 2 contains three sets of results for the endogenous variables Q,
S, and F.  Model 1 reproduces the findings of our original study (Q = Ph.d.’s,
n = 174). Model 2 1is identical in specification but is estimated with the
multiple-degree output mcasure and enlarged sample size (Composite Q. n =
336). Modcl 3 is expanded to incorporate the new variables which control
for vocationally oriented curricula in the output and faculty equations.

The models are estimated with a three-stage technique as a correction for
9



Table 2: Results of Three-Stage Least Squares Estimation

Mode] 1: Mode! 2 Model §:
Q=PhD's; n=174 Composite Q, n=33C ___Composijte Q; n=336
Variable \ Equation Q S F qQ S F Q 8 F
Output (Q) -352 0.01 0.75 -0.08 1.48**  -0.10
{1.59) (0.19) (0.65) (2.04) (2.7¢) (2.96)
Student (S) -0.02 0.02** 0.05* 0.04"* 0.05* 0.04**
(1.13) (7.95) (1.80) (9.58) (1.82) (10.88)
Faculty (F) 1.24*  21.08%* 1.20°  22.90*° 0.87 18.40""
(2.04) (412) (1.69) (5.85) (1.10) (4.97)
Tuition (T) 29.72°* 6.64 b.42
(4.00) (1.24) {1.18)
Endowment (E) 0.05%* 0.04" 0.04*
(2.95) (1.98) (2.07)
Capital (K) 0.08 2.45° -0.12*" 0.81* 3.832** -0.17** 0.20 241° -0.16**
(0.07) (1.91) (2.86) - (1.87) (2.68) (8.74) ©(1.82) (2.09) (3.52)
Academic (AC) s.06** 45.24° -0.36 6.28** -13.76 0.83 6.94*" -26.08 1.04
(2.49) (1.83) (0.62) (2.90) (0.69) (1.18) (3.43) (141)  (1.51)
Research (RE) 0.08 0.01 0.02
(1.73) (1.14) : (1.24)
Administration 3.92** 2.98°°* 1.87**
(ADM) (4.59) (8.52) (2.45)
Scholarehip -84.72%* . -1.52 -3.60
(SCH) (2.77) (0.26) (0.56)
Loane (L) -8.89 2.36 1.34
(1.52) (0.75) ‘ (0.42)
Faculty/Student 2.09%* 22.93*" -0.57** 1.54%* 1.62 -0.10 1.52%% -1.85 -0.04
Ratio (FSR) (4.33) (3.15) (2.80) (2.84) (0.33) (0.60) (2.61) (0.29) (0.22)
Undergraduate 016*"* 1.78=* -0.04** 0.20*" 0.4¢ -0.02 0.16** 0.04 -0.01
Special. (USR) (3.31) (3.05) (2.58) (385) (0.97) (1.19) (3.37) (0.10) (0.76)
% Male Students 0.06* 0.02** 0.18** 0.31 0.22** 0.05
(XMSTUD) (2.30) (2.83) (6.23) (1.28) (7.11) {0.19)
% Business -0.18** 0.01
Majore (XBUS) (3.23) (0.92)
% Engineering . -0.25%* 0.00
Majore (XENG) (3.49) (0.27)
% Education -0.05 -0.02
Msjore (XED) (0.71) (1.51)
"North Atlantic 0.85" 017 0.28
State (NA) (2.13) (0.84) (1.29)
Great Lakes 061° -0.0¢ -0.02
State (GL) (1.73) (0.69) 0.12
Western 0.94"° -0.22 -0.18
State (W) (2.00) (1.17) (0.71)
Intercept -87.30** 67.50""° T.97"" -1115¢€ 48118 -17.73 -95 27 642.8¢ -21.22
(5.76) (0.51) (2.59) (8.90) (3.82) (3.51) (6 41) (6.18) (4.2¢)
Standard Error 5.20 68.28 1.83 g.5¢ 77.02 3.04 g.09 72.96 38.1%

Note: Numbers in parentheces are t-values
*  Denoter sigriificance at the 0.05 leve!

** Denotes significance at the 0.01 leve).



the presence of error correlation across cquations.

In light of the rather extensive scaling of variables as described in
Table I, it is useful to,cxp'lain briefly the intuitive interpretation of the
parameter estimates. Consider the coefficient .05 for student quality (S)
in the output equation (Q) of Model 2. This coefficient suggests that a
school with 1000 full-time undergraduate-equivalent students (FUE) raises
its output of M.D., J.D., and Ph.D. alumni by .5 per decade for each 1 point
increase in the third quartile SAT score of the entering freshman class.
Thus, a 100 point increase in SAT results in 50 more graduate-degree alumni
per decade.® In a similar vein, the coefficient on Academic expenditure
suggests tha‘t a $10,000 increase in outlays (i.c. $1000/100 FUE enrollment
where, for example, FUE = 1000) would raise alumni output by 62.8 per decade.
Generally speaking, the correct interpretation of the coefficients requires
careful recollection of the fact that inputs are scaled per 100 FUE students,
and output is per FUE students per decade.

We turn now to a comparison of the results obtained in Models 1 and 2.
Generally, the results in the output equation (Q) in both models foster a
rather palpable notion of the baccalaureate process culminating in successful
graduate-degree candidates. Note that faculty quality (F), academic (AC)
and administrative (AD) support, a high faculty-student ratio (FSR), and
undergraduate specialization (USR) are all statistically significant inputs
in undergraduate production as mecasurcd by alumni carcer achievement. In

short, the parameters in the output equations in Models | and 2 suggest a

€This and subscquent illustrations consider only direct effects while
holding other e¢ndogenous variables constant. However. duc to the significance
of other endogenous variables, the total effect throughout the system is
actually greatcr.



production relationship in which relatively well-paid professors with relatively
small classes and good libraries combine with a well-financed administration
in a largely undergraduate environment to produce doctoral and law candidates.

In a broad sense, the original model appcars relatively robust. Moving
from a single to a multiple-career output measure, along with the increased
sample, has not dramatically altered the results of the output equation.
Nonetheless, there are several noteworthy differences which surface. Certainly
the most encouraging of these is that student quality, previously negative and
insignificant in Mode]l 1. becomes positive and significant in Model 2.
Obviously, this was onc striking anomaly within our original findings. At
that time, we conjectured that the scemingly inconsequential role of student
guality on output might be accounted for by the use of median composite SAT
score. We suggested that median student quality might not be a good indicator
of academic potential which is latent in, say, only the upper quartile of
the student population. Accordingly, the revised data set casts student
quality as third quartile SAT scores. The new student guality coefficient
in the output equation appears to corroborate the conceptual importance of
the data adjustment.

A comparison of the student quality equations in Model 1 and 2 reveals
that the impact of the enhanced data set is mixed. In Model 1, the significant
parameters indicate that better students are drawn to schools where the
undergraduate ratio is high, classes are small, and the quality of faculty
is high. For example. in Modcl 1 the direct impact of a $1,000 increasc in
associatc professor salary is to raise mecdian SAT score of the entering class
by 2198 points. Further, note that the strong faculty impact survives with

remarkable uniformity in Model 2. Similarly., the phvsical amenities of the

12



campus as measured by the capital stock (K) display comparable drawing power
for quality students in both modcls. However, observe that the faculty/student
ratio (FSR) and wundergraduate specialization ratio (USR), both highly
significant variables in the original estimation, fall out in Mode] 2. The
drop in significance of FSR and USR with the broader output measure might
suggest that the motivation to pursuc a Ph.D. is more closely related to the
intimacy of the undergraduate experience than in the case of doctors and
lawvers.

Regarding the faculty equation, recall from the discussion in Section I
that this equation could be viewed as a reduced-form equation from a
supply-and-demand system for faculty quality. Generally, the results support
this interpretation. Observe that, from a supply perspective, quality students
and the financial security of a school's endowment appear to draw quality
faculty. From a factor demand standpoint, the uniformly negative and signi-
ficant sign on capital in both models suggests that administrators view the
quality of the physical facilities as a substitute for quality faculty.
Furthermore, the resource trade-off between well paid faculty and class size
is suggested by the significant negative coefficient on faculty-student ratio
in Model 1, although this relationship fades in Model 2. Similarly, the
higher resource costs of graduate vis-a-vis undergraduate faculty is implied
by the significant negative coefficient on undergraduate specialization ratio,
but this relationship also wanes in Model 2.

As an interim summary, onc might conclude that, despite certain exceptions,
the simultaneous model of coliege production survives rather well using the
composite career output measure and expanded sample. The next phase of this

study 1s foreshadowed in Model 3. We plan to extend the model with respect

13



to additional variables and, possibly, a fourtk equation. Such an extension
necessitates additional estimation considerations. Consequently, we defer

discussion of Model 3 results until the next section.

1I1. Estimation Considerations

An important finding in our earlier study was the substantial amount of
simultaneity among our three endogenous variables. In contrasting ordinary
least-squares (OLS) estimates with three-stage least-squares (3SLS) estimates,
we observed that coefficients for exogenous variables remained broadly similar
in sign, magnitude, and significance under both techniques. However, coef-
ficients for the endogenous variables changed markedly. Under OLS, student
quality (S) was positively and significantly related to output (Q) while
faculty quality (F) was not. As can be seen for Model 1 in Tablc 2, these
roles were reversed in the 3SLS results. Furthermore, while university's
output level appeared to attract quality students under OLS, it was statis-
tically insignificant in simultaneous estimation. Finally, the coefficient
for faculty quality in the student equation of Model 1 was double that of
the OLS estimate.

Explaining the cause for these changes required consideration of both
potémial sources of bias in OLS estimation: correlation of endogenous vari-
ables with the error term, as well as the correlation of errors across equa-
tions. Examination of the statistical significance of the endogenous variables
together with the estimated cross-equation correlations led us to conclude
that the latter provided the dominant source of bias in the OLS estimates.

Having convinced ourselves of the need for simultancous estimation. we
now consider, in a preliminary manner, several other econometric issues. The

first of these is the sensitivity of our results to the instrumental variables
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we utilize. This issuc arises because in the process of expanding our samplc,
we have also collected a number of additional variables. While it is premature
to incorporate most, the distribution of the student body by major has becn
checked and cleaned. Thus, Model 3 in Table 2 differs from Models | and 2
by its inclusion of the percents of the student body majoring in business,
engineering, and education. As anticipated, the larger the portion of students
majoring in business and engineering, the lower is college output as we defline
it.  Surprisingly, however, a school's focus on these majors appears to play
no statistically significant role in  faculty salary determina_tion. More
interesting from the present perspective, is the effect of these additional
instruments on the endogenous variables. The role of output in attracting
quality students increases from insignificant in Model 2 (coefficient of
0.75 with a t-value of 0.65) to substantive in Model 3'(2.48 with t-value of
2.74). Other changes are less dramatic. Apparently, the instruments chosen
are important in this model.

Furthermore, the exclusion rcstrictions- used for identification may
have an impact on parameter estimates. A set of estimates which are not
presented are the results when including these majors in all three equations.
Model 3 excludes them from the student quality equation because we can sec¢
no strong reason why busincss,‘engineering or education students should, on
average, be better or worse in composite SAT than other students, Nevertheless.
we are interested in the impact of their inclusion on our estimates. In
comparison with Model 3, student quality drops to insignificance in thc output
equation, and output drops to insignificance in the student equation. Clecarly.
the manner in which the model is overidentified affects parametcr estimates.

A third econometric 1issue might help to resolve the first two.
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Specifically, the endogenous variables in this system might be treated better
as unobscrvable. For examplec, the quality of wuniversity output, even under
our restricted definition of carcer achievement, cannot be observed directly
for the typical student. Consequently, we have used subsequent Ph.D, M.D,,
or J.D. attainment as an indicator of career achievement. Unfortunately,
‘this number is affected by factors unrelated to quality. For example, our
output measure is biased against predominantly female institutions and
institutions specializing in the aforementioned vocationally-oriented majors.
Similarly, the use of faculty salary as an indicator of the appropriate latent
variable, faculty quality, has much to commend it. Nonetheless, many factors
influence salary beyond quality in the context of undergraduate education.
Cost-of-living differentials, market discrepancies by discipline, and higher
graduate-faculty salaries all impact on the average salary at a school.
Controlling for these factors in the structural equations actually "controls
them into" the reduced form equations. Consequently, the second and third
stages estimators retain these undesired, non-quality influences.

As we consider more of these factors, we propose to reformulate the
model in an unobservables context. 1In particular, the LISREL? (linear
structural relationships) model will be employed. LISREL is a full-information,
ma'ximum-likclihood technique which considers a measurement model for latent
endogenous and/or exogenous variables within the broader context of a system
of structural equations. For example, the measurement equation for faculty
quality might specified as:

(6) SALARY = by + b, (LATENT-F) + b, USR + bg %BUS + b, ENG

’See Joreskog and Sorbom (1984) for a detailed discussion of the LISREL
model, its assumptions, and the computer program.
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+ by %ED + v,
where v is a. disturbance assumed to be normally distributed with zero mcaﬁ.
constant variance, and independent of errors in the structural equations.
LATENT-F would then be used in place of SALARY for faculty quality (F) in

the structural model.

IV. Concluding Remarks

This paper represents an intermediate product in an ongoing modeling of
the higher educational process at private, predominantly undergraduate
institutions. Looking to the past, this paper extends an earlier article by
expanding the universe of schools to the full set instead of merely the best
225 in terms of baccalaureate Ph.D.'s. Correspondingly, we have ncarly doubled
the sample size. We have also broadened the career achievement measurc to
include M.D.s and J.D’s in addition to Ph.D.'s. The results have been
encouraging. The composite picture of the earlier study survives. The role
of human capital in the form of students, faculty and administrators emerges
even stronger than previously. Academic expcnditures continue to buttress
the human element, while capital is apparently more important to the preparation
for medical and legal studies than for the Ph.D.

Looking to the future, this paper has considered several cconometric
complications of expanding the model. By examining a preliminary extension,
we have concluded that parameter estimates for the endogenous variables are
affected by both the instruments selected and the exclusion restrictions
imposed. These additional instruments werce included to control non-qualitative
influences out of the model. Indced, several such controls arc already in
the model and many of the variables undcr consideration also fall into this

category. Unfortunately, three-stage least-squares estimation does not remove
17



such influences from the model. This has led us to consider an alternative
estimation strategy. We intend to recast 'thc current cndogenous variables
as merely the observed effects of the true, but unobserved, quality measures.
Such a treatment will enable us to control adequately for non-qualitative

differences between their observed counterparts.
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