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Physical capital creates a real problem for understanding the economics of higher
education. It represents an important input to the production process — the essen-
tial services of buildings, equipment, and land — for which we have only highly inad-
equate measures. In conventional collegiate financial accounting, in fact, there has
been no required recognition of capital services as the source of a cost of education
even though it adds more than 30 percent to reported total costs.” The magnitudes
are impressive: in total, U.S. higher education used physical capital with a replace-
ment value of $387 billion in 1993 and the yearly cost of its capital services came to
about $40 billion.

Much of the analysis of higher education, then, proceeds as if classes were held in
wheat fields and vacant lots. We don’t have an accurate sense of total educational
costs or of cost differences among institutions — by public or private control or by
type or wealth or region. We don’t know how much of society’s scarce resources are
tied up in higher education. And, at the other end of the continuum, we neglect what
is an individual institution’s mest visible symbol of what it provides for its students.
Qur data don’t let us reflect the old truth that the most appealing college is one with
beautiful buildings, attractive students, and slightly seedy professors.

But the neglect of physical capital in colleges and universities is probably most
damaging in denying administrators the information on input costs that are essential
to efficient management. So long as a scarce and important resource is seen to have
an effectively zero price, misallocation is unavoidable [Winston, 1993b]. Unfortu-
nately, while the method of capital cost estimation used in this study is appropriate
for these managerial purposes, the data are not. So to the end of improving local
institutional cost information, we can only hope that the present work will add both a
methodology and a sense of urgency.

This paper has three objectives: to report estimates of the value of the capital
stocks used by 3,148 colleges and universities in the United States in 1993 (virtually
all of them), to give a sense of the distribution of physical capital and capital costs
among different kinds of institutions within higher education, and to make these
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TABLE 1b
Physical Capital Stocks by Institutional Type, Control and Quality
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much capital — at $179 million — as does the average private institution — with $78
million. The apparent superiority of public institutions is eliminated, though, when
we look at physical capital per student : the average institution in the public sector
has 5,300 students while the average in the private sector is 1,400. This means that
the student in the private sector is equipped with almost 60 percent more capital
than the typical student in a public institution. :

The broad picture, then, is that the $387 billion capital steck has been allocated
largely to public institutions but that their average size is so much greater than that
of private colleges and universities that the typical student is associated with far less
capital in the public than in the private sector.

The next section of Table 1a puts public and private sectors together to describe
the allocation of the U.S. capital stock by type of institution. The familiar Carnegie
classifications are used that separate Research, Doctoral, and Comprehensive Uni-
versities, Liberal Arts and Two-year Colleges, and a catchall, Specialized Institu-
tions. It's useful to concentrate at first on the gix broad types of institution and ignore
the further qualitative breakdown of these types into Carnegie quality levels I and I1.

Research Universities have the lion’s share of the U.S. educational capital, which
is hardly surprising. The 127 such institutions have, in total, $163 billion or 42 per-
cent of all the physical capital even though they represent only 4 percent of the schools.
Further, the average Research University uses about $1.3 billion of physical capital
and the typical student in the Research Universities is assoeiated with $71,000 of
capital stock. Once again, it is important to keep in mind that these are figures for
total capital and not just that used in instruction or student residences or activities,
so the average student in a Research University may be only remotely affected by
much of that capital stock (or “What does the Linear Accelerator mean to a Stanford
Sophomore majoring in Art History?”).

For types of institutions other than Research Universities, the patterns of capital
allocation are less consistent, giving different rankings depending on what compari-
sons are being made. Comprehensive Universities have the second largest amount of
capital in the aggregate ($68 billion or 18 percent), but there are so many of them
that they have less capital per school than the Research or Doctoral Universities and
they are so large that they have less eapital per student than Research or Doctoral
Universities, Liberal Arts Colleges, or Specialized Institutions. Two-Year Colleges
are in a similar position with more than $45 billion or 12 percent of all capital —
putting them third in aggregate terms — but since they divide that capital among so

many schools and among so many students, both the average Two-Year school and
the average student in Two-Year Colleges are least well equipped with capital stock.

The opposite kind of story is told for Liberal Arts Colleges and Specialized Insti-
tutions. Liberal Arts Colleges have only $37.5 billion of the aggregate capital stock —
10 percent of it — yet they are few enough in number and small enough in enrollment
that they rank third in capital per student with two-thirds as much as the Research
Universities, And it again becomes relevant that we are reporting total institutional
capital stock in each case so with their much greater concentration of activities on
students, Liberal Arts Colleges most likely have the largest amount of student-ori-
ented capital. Doctoral Universities are second to Research Universities in capital-
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FIGURE 1
Physical Capital per Stadent
by Control and Carnegie Type
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per-school, but again they are so large that they fall behind Research, Liberal Arts,
and Specialized institutions in capital per student.

The Carnegie classifications further divide Research, Doctoral, Comprehensive,
and Liberal Arts institutions into quality rankings, I and Il, on the basis of the num-
ber and variety of degrees awarded, the magnitude of research funding, and admis-
sions selectivity. Adding that detail modifies the picture of capital allocation some-
what. Research-I Universities clearly have the largest capital stocks — in the aggre-
gate, per schocl, and per student — but a quite sharp division appears among Re-
search Universities: Research-II schools have only half as much capital per school
and 60 percent as much per student as their more highly ranked peers. The other
notable feature is that students at Liberal Arts-I Colleges are very nearly as well
endowed with capital as are those at Research-I Universities — only 8 percent less —
at the same time that an institutions’ capital is almost certainly more directed toward
student activities in the colleges than in the universities. Again, a sharp split is
found between Liberal Arts-I and -II Colleges with the latter having roughly half as
much capital stock per student as the former.

Finally, if we look at Carnegie type and public/private control dimensions, to-
gether, we see capital allocations by institutional type separately for public and pri-
vate sectors. In addition to Table 1a, this is summarized in Figure 1.

The clear superiority of physical capital endowments at even the Research-1 Uni-
versities looks rather different when we recognize this additional dimension of
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control: private Research-1 Universities do work with a very large amount of physical
capital — and a very large amount per student - but public Research-I Universities
have far less. The figures for capital stock per student are $143,954 and $62,877,
respectively, so public Research-I schools have less than 45 percent of the capital per
student found in private Research-I schools. Research-II Universities fare better in
the public sector relative to their more highly-rated peers with a per-student capital
allocation that is 72 percent that of public Research-I institutions. In the private
sector, Research-11 schools do relatively worse with only 39 percent as much capital
per student as Research-I institutions, though they still have 25 percent more than
the public Research-II Universities.

In colleges, too, the gap between Liberal Arts-T and -11 is large: students in the
second-tier private Liberal Arts schools have only 46 percent as much capital as those
in the first-tier schools. Note that it is not useful to make much of the figures for -
public Liberal Arts-I schools since there are only six of them in the population.® Fig-
ure 1 also reveals two anomalies that we can’t explain without going much farther
into Carnegie’s classifications. Public Comprehensive Universities and private Doc-
toral Universities, Carnegie I institutions have, on average, less capital per student
than Carnegie Il institutions.

Finally, the very different positions of public and private Specialized Institutions
underlines the catch-all nature of that classification. The 67 public Specialized Insti-
tutions that give the average student a whopping $189,610 in capital are dominated
by medical schools (41 percent of those that can be sub-classified) while the 569 pri-
vate Specialized schools that give their students $46,054 of physical capital are domi-
nated by religious schools (51 percent). Specialized schools are not quality-ranked in
the Carnegie classification.

The last two columns of Table 1b make two additional comparisons in which capi-
tal stocks are viewed, first, relative to institutional output and, second, relative to the
institution’s financial assets. The capital-output ratios reported there represent the
value of an institution’s capital stock relative to the value of its output as measured
by total input costs over all activities.” Each entry describes the capital-output ratio
of the average college or university of that type and control. The highest capital-
output ratios are those of the private Liberal Arts-I Colleges, while Research-I Uni-
versities in both public and private sectors are among the lowest. Since we know that
Research Universities have the largest amounts of capital per student in both sectors
{(ignoring public Specialized schools), these low capital-output ratios appear to reflect
the greater significance of non-student oriented activities in these schools, leaving us
with little sense, from these numbers, of how well equipped their students are. The
high capital-output ratios of the Liberal Arts-I schools do, in contrast, reflect the use
of capital in student-oriented activities.

The last column of the table describes the relative importance of physical capital
in total assets® with the predictable result that private institutions, with their greater
endowment wealth, have a smaller fraction of their total assets in the form of physi-
cal eapital than do public institutions. It is notable, though, that among public insti-
tutions, even Research-I Universities have the vast majority (92.4 percent) of their
assets in a physical form.? Overall, the average private institution has 83.9 percent of
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its assets in physical form while the average public institution has 98.6 percent. Among
private institutions, Research-I Universities have the smallest share of their assets
tied up in physical capital, with 61.4 percent, followed closely by Liberal Arts-I schools,
with 62.3 percent, and Research-11 Universities, with 63.7 percent. Private Two-Year
Colleges ook a lot like the public institutions with 95.0 percent of their assets in the
form of physical capital.

THE DISTRIBUTION OF THE CAPITAL STOCK BY SUBSIDY RANKING

This section Iooks at how the capital stock is distributed among wealthy and poor
institutions as measured by the level of their student subsidies. Winston and Yen
[1995] provided evidence that these subsidies and the ability to award them describe
a hierarchy of colleges and universities with important ramifications for their price,
quality, size, and aid policies.

The most central results from that analysis*® are these:

That in sharp contrast to an intuition based on ordinary businesses — or the
microeconomic and I-O theory they support — colleges and universities charge
their customers prices that are far below their costs of production in equilib-
rium. The price/cost ratio for the average U.S. schoolin 1991 was 1/3 and in
the public sector, taken alone, it was 1/9. Customers paid 30 cents and 11
cents, respectively, on the dollar of cost.

That the subsidy resources — broadly, “wealth” — that pay for the difference
between price and cost (appropriations, gifts, and returns on assets) are very
unevenly distributed.

That this subsidy hierarchy is also a hierarchy of costs, prices, selectivity,
student guality, and institutional prestige.

In Tables 2a and 2b, the value of physical capital is reported by the subsidy rank-
ing of the 2,773 schools for which estimates of 1993 student subsidies comparable to
Winston-Yen [1995] could be generated. Subsidies per student range from an aver-
age of $22,619 a year for those in the top decile of public colleges down to negative
$277 a year for those in the bottom decile of private institutions (a profit of $277),
with subsidies granted by public and private institutions falling between those ex-
tremes.

The dominant fact about the relationship between student subsidies and the
schools’ use of capital is the clear and relentless decline in capital endowment with
declining subsidies. Large capital stocks go with high subsidies — in the aggregate,
in the average school, and for the average student — and small capital stocks go with
low subsidies. So more generous capital services are one of the very concrete ways
that students are subsidized in high subsidy schools.! It is no accident that lavish
physical plants are found at high subsidy colleges — the beautiful campuses that go
with seedy professors.

R R S S RE P
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FIGURE 2

Physical Capitai per Student
by Institutional Wealth and Control
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TABLE 3

Current Costs and the Distortions from Omitting Capital Services
by Type, Control and Quality, 1993

Number of Current Expenditure®?  Annual Cost Distortion
Institutions of Capital for Average
Servieces School
4y ) @) 4)
All Institutions 3,148 $148,6573,294,000 $39,665,137,405 31.8%
Public Institutions 1,406 $95,442,872,0060 $25,755,245,803 29.6%
Private Institutions 1,742 $53,130,422,000 $13,909,891,602 33.6%
Public Institutions
Research I 60 $36,662,779,000 $8,939,939,218 25.9%
Research 1T 27 $6,687,894,000 $2,081,779,255 30.9%
Doctoral 1 29 $3,917,670,000 $1,423,695,967 35.3%
Doctoral IT 36 $4,581,269,000 $1,253,318,645 31.3%
Comprehensive I 246 $14,640,281,000 $4,649,736,885 33.4%
Comprehensive 11 23 $711,719,000 $266,544,050 40.3%
Liberal Arts T ] $149,068,000 $55,682,809 39.3%
Liberal Arts I 76 $1,371,9928,000 $543,617,388 38.2%
Two-Year 826 $16,812,687,000 $4,319,331,060 27.0%
Specialized 77 $5,900,507,000 $2,221,605,526 30.7%
Private Institutions
Research I 29 $21,757,296,000 $4,946,497,646 26.0%
Research TI 11 $3,261,663,000 $740,745,725 25.7%
Doctoral I 23 $2,516,101,000 $617,279,060 25.2%
Doctoral IT 22 $2,472,099,000 $593,526,732 26.1%
Comprehensive I 179 $5,827,943,000 $1,770,410,927 31.7%
Comprehensive I 66 $1,004,811,000 $311,605,654 31.2%
Liberal Arts I 158 $4,418,938,000 $1,819,266,719 41.4%
Liberal Arts T 378 $3,966,511,000 $1,434,694,989 37.9%
Twao-Year 306 $1,289,252,000 $286,969,169 23.9%
Specialized 569 $6,615,508,000 $1,388,893,981 35.8%

a. Includes E&G, Hospital, Auxilliary Enterprises and Independent operations; excludes scholarships,
fellowships and mandatory transfers. (See appendix.)

The last two columns of Tables 2 show a strong decline in capital-output ratios
with falling subsidies in the aggregate data indicating that those schools offering the
largest subsidies to their students use the largest amount of capital relative to other
inputs. While that decline is not so regular within each sector considered alone, it is
nearly so. In the last column, the relative importance of physical capital as an asset
is shown to increase with decreasing subsidies — poorer schools don’t have or use
much wealth other than physical eapital stocks. That pattern, too, carries over from
aggregates to the sectors, taken separately, but again with greater variation among
private than public schools.
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THE COSTS OF CAPITAL SERVICES — AND DISTORTION WHEN THEY
ARE IGNORED

Everything to this point has been in terms of capital stocks and their distribution.
The important question of how seriously the omission of yearly capital costs distorts
our understanding of costs in higher education and how those distortions are, them-
selves, distributed among schools by type, control, and subsidy hierarchy remains.
While, as noted in the introduction, these data can’t provide an individual school’s
administration with information on its own capital costs, they can, usefully, indicate
how important are the costs that they conventionally neglect. To that end, we turn
first to the data of Tables 3 and 4 that report the percent by which total yearly costs!?
are increased when we recognize the costs of capital services. Table 3 disaggregates
by public and private control and Carnegie type while Table 4 breaks the population '
down by subsidy decile.

The top three lines of Table 3 show annual current expenditures and capital ser-
vice costs for all institutions together and for public and private institutions sepa-
rately. Two aspects of those data are remarkable:

The distortion in measured educational costs due to the conventional emis-
sion of capital service costs is very large — an accurate measure of the costs of
higher education would, on average over all institutions, show them to be
nearly one-third higher than they are reported to be.2®

Despite the sheer size of the cost distortion caused by the omission of capital
costs, the distribution of that distortion by type and control does not appear to
be very interesting. There are no significant differences either between pub-
lic and private institutions or between quality levels, I and IT, among Carnegie
types. The only difference of note by type is the higher degree of cost distor-
tion found in Liberal Arts Colleges, both public and private, and in public
Comprehensive-11 Universities.

Table 4 is another matter. In it, the distortion of costs due to omission of capital
services is reported over the range of institutions ranked by student subsidy decile.
Two facts stand out:

There is, quite reasonably, far more distortion of reported costs in wealthy
schools than in poorer ones — those with the largest capital stocks will most
seriously understate their true educational costs by ignoring them.!* This
does not follow trivially from the size of their capital stocks since what is
reported here describes how much capital they use relative to their other
spending. So Table 4 suggests that capital service inputs become relatively
less important for poorer schools.’® And the regularity of declining distortion
over the ten deciles is notable.

Private institutions show more distortion from the omission of capital costs
than do public ones. While those differences in distortion were not very



178 EASTERN ECONOMIC JOURNAL PHYSICAL CAPITAL AND CAPITAL SERVICE COSTS 179
TABLE 4
Current Costs and the Distortions from Omitting Capital Services
by Institutional Wealth and Control, 1993 3
2 L 10 1o £ 18 o
Average Current Annual Cost of Distortion .E;. E = E % E E % E
Subsidy Per Expenditures Capital for Average "é oY o e
Student Services School o
o Wy LR ) [
1) (@ @ @ o3 S &2 8353
s S| 25%  gsE
All Institutions > * s
Decile 1 $22,676 $44,885,914,000 $11,276,874,766 48.9% <e
Decile 2 $10,510 $16,972,008,000 $5,078,401,653 39.1% & -
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a. The number of public and private institutions is not reported. SOURCE:O'Neill, 1971,
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dramatic when reported over all public (29.5 percent) and all private (33.6
percent) institutions aggregated in Table 3, they become clearer in Table 4
where schools of comparable wealth can be seen so that the concentration of
that distortion in the wealthiest schools is more clearly revealed. Looking at
the top decile of each sector, distortion due to omitted capital costs is 57 per-
cent higher in private than in public schools (21.3 percentage points) while in
the bottom decile, it is 12 percent lower in private schools (2.6 percentage
points). And the transition between them i relatively smooth.

THE LONG TERM — A COMPARISON WITH O’NEILL’S 1967 CAPITAL
ESTIMATES

This final section briefly compares our results for 1993 to the 1967 data on capital
reported in O’Neill [1971]. Her estimates are reported in Tables 5 and 6, in 1993
dollars, along with our comparable estimates.

O'Neill’s methods were different from ours, but if consistent, we would not expect
those differences to affect the direction of changes observed in the distribution of
capital between public and private sectors. So it appears from the table that while
the stock of capital in the public sector has grown faster than that in the private
sector over this 26-year period — from $76 billion in the public sector or 60 percent of
the total capital in 1967 to $251 billion or 65 percent in 1993 — that growth has been
overwhelmed by an even faster growth in public sector enrollments — from 4.4 mil-
lion or 68 percent of the total in 1967 to 7.5 million or 76 percent in 1993 — so that the
average student in the public sector is relatively less well equipped with capital in
1993 than at the beginning of the period. In 1967 he had nearly 70 percent as much
capital as the student in the private institutions but by 1993 he had only 60 percent
as much. This is consistent with McPherson, Schapiro, and Winston's finding that
plant additions per student grew more than twice as fast in the private sector as in
the public sector during the 1980s [McPherson-Schapiro-Winston, 1993].

Differences in even constant dollar values of capital between the two dates are
almost certainly exaggerated by differences in methodology,' but with that caveat, it
appears that the amount of capital used in higher education grew considerably over
the period. In these data, the total value increased more than threefold, from $126
billion to $387 billion. Measured per school, capital more than doubled from $50
million to $123 million. And per student, it doubled from $19,600 to $38,900. Itisless
clear that the use of capital grew faster than the use of other inputs to higher educa-
tion though capital’s share of total higher education expenditures in Table 6increased
from 15 percent in 1967 to 21 percent in 1993. This difference is explained in part by
the interest rate increase between those dates — in O’Neill’s period, b percent repre-
sented the opportunity cost of physical capital while 7.89 percent was appropriate in
the later period.”” Nonetheless, higher education appears to have become more capi-
tal-intensive over these two and a half decades.
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CONCLUSIONS

The capital stock used in U.S, higher education is simply very large, very impor-
tant, and very unevenly distributed among colleges and universities by public and
private control, by Carnegie classification and, most markedly, by schools’ wealth. By
almost any measure, among the major Carnegie types, the private Research Univer-
sities and Liberal Arts-I Colleges are best endowed with physical capital, The aver-
age student at a public Two-Year College has access to 1/10th as much capital as the
average student at a private Research-I University. And from the poorest ten per-
cent to the richest ten percent of private schools, capital per student increases 17 fold!

Without estimates of the value of the capital stocks and costs of the capital ser-
vices used, we simply don’t know how much it costs to produce U.S. higher education
each year. And these data suggest that absent such estimates, we're typically way off
the mark. It's also important that even when we've known that the distortions were
serious, we've had inadequate information on how those distortions are distributed
within higher education — for which kinds of schools does it matter very much and
for which does it matter relatively little that we neglect capital costs? On the basis of
these data, we have answered those and similar questions.

And data like those presented here, built up from individual institutions, allow us
to aggregate over institutions in usefully different ways. Here, the aggregations have
been by Carnegie type, by public and private control, and by wealth as reflected in
student subsidies, but other purposes might be served by geographical aggregation or
size or other dimensions. To repeat an earlier caveat, however, it is not advisable to
put much faith in these numbersdisaggregated for any individual institution in isola-
tion. Quite valid results can be reported for groups of schools even if individual obser-
vations are off the mark so long as they are off the mark in unbiased ways. So we
make far more confident claims for the validity of the kinds of aggregate results re-
ported here than we could for those for any single college or university.

Finally, these data should give college trustees and administrators a useful sense
of how seriously their managerial and governance decisions may be distorted by ne-
glecting to consider the costs of capital services.® On the one hand, they fly nearly
blind in the broad portfolio decisions they make whenever they alter the allocation of
their institutional wealth between physical and financial assets — whenever they
build a building — if they have neither an accurate measure of the value of their
physical assets nor even a hint of the value of the capital services those assets contrib-
ute to the enterprise. On the other and even more significant hand, neglect of the
costs of physical capital services guarantee internal misallocation of their scarce re-
sources and makes the delegation of production decisions further down in the organi-
zation virtually impossible since those decisions cannot realistically reflect the im-
portant costs of capital services.

Some $387 billion of buildings, equipment, and land is inadequately accounted
for in U.8. higher education, leading to a distortion in reported costs of nearly $40
billion a year. While private Research-I Universities have the most capital per stu-
dent ($143,557) and public Two-Year Colleges have the least ($14,540), an even greater
disparity appears when schools are ranked by wealth — by their average student
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subsidies. The top decile of private schools have over $153,000 of physical capital per
student and the bottom decile of public and private schools have less than $10,000. In
terms of educational costs, the distortion that results from omitting capital services
range from roughly 25 percent for Research-I Universities, both public and private, to
more than 40 percent for private Liberal Arts Colleges and public Comprehensive
Universities, Capital service costs are large and unevenly distributed within higher
education, creating serious problems for any analysis or administration that ignores
them,

APPENDIX A
The Estimation of Physical Capital Stocks and Capital Service Costs

This appendix provides more detail on the way the capital stock figures used in
this study were generated from the IPEDS data. With the exception of a small change
in the interest rate used to estimate the annual opportunity cost of capital, it is the
gsame as that used in Winston [1995].

In the IPEDS financial survey of 1923, each school was asked to report book and
replacement values of the buildings and equipment used in their educational activi-
ties®® as well as the book value of the land used.?® The 1995 study of capital used
numbers from the study of institutions’ student subsidies [Winston-Yen, 1995], in
which the objective was to estimate current replacement values of buildings, equip-
ment, and land in order to estimate the costs of the yearly capital service flows used
in instruction in each institution. To that end, it was necessary only to separate the
sum of building and equipment values from the value of land? so the values of build-
ings and equipment were not estimated separately for all institutions.

The primary difficulty presented by these IPEDS physical capital data was, most
simply, that not all schools reported all five of the measures of capital stock requested
(book value of land and hook and replacement values of buildings and equipment),
nor even the three measures essential to these data (replacement values of land,
buildings, and equipment). Indeed, had all schools reported to IPEDS as requested,
no estimation — but only aggregation — would have been needed. A secondary diffi-
culty was, of course, oceasionally flaky numbers.

CAPITAL STOCK ESTIMATES — THE METHOD

Broadly, for each school for which the replacement value of capital — or any ofits
components — was not reported, we filled in the missing value on the basis of the
relationships revealed by those schools that did report. And while the CASPAR IPEDS
data suffer from an ambignity that makes it impossible to distinguish between a zero
value (no‘capital) and a blank (no information), we took advantage of the fact that it’s
hard to imagine the production of higher education without the use of some physical
capital, to justify the interpretation of all such zero-blank entries as blanks that needed
to be filled in.
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CAPITAL SERVICE COSTS

From the replacement values of a school’s buildings (B,), equipment (£ ), and land
(L), calculation of the yearly cost of capital services is straightforward: a defensible
estimate of yearly real economic depreciation, d, is joined with a defensible estimate
of the opportunity cost of capital, r, to generate a yearly rental rate, (d + r)P K, where
P, is the current replacement price of a eapital stock of size K making P K the replace-
ment value of that capital stock, For depreciation, we used 2.5 percent, near the
middle of the range suggested by campus physical planners [Dunn, 1989; Probasco,
199112, and for opportunity cost, the five-year average of the long term Federal bond
rate, which was 7.89 percent in 1993. We assigned a zero value to the depreciation of
land (so we ignored depreciation of land improvements} and expressed land in cur-
rent replacement values. The rental rate we used, then, wasd(B +E) +r{B +E + L) (
or(d+r)B +E)+rL.

The first broad step involved filling in the blanks — getting replacement values
for all components of the capital stock for each school — while the second involved
estimating the yearly cost of their capital service flows. The generation of a complete
set of replacement values followed a sequence of steps:

1. 2,145 schools reported both book (B,) and replacement values (B)) for build-
ings.

2. 541 schools reported the book value of buildings (B,) but not their replace-
ment value (B). To estimate the latter, we used the 2,145 reported values of
both to generate the coefficient, B_ = 2.218B, and fill in missing building re-
placement values.

3. 2,002 schools reported both book (E,) and replacement values (E ) for equip-
ment.

4, For the 820 schools that reported a book value of equipment but not its re-
placement value, we used the 2,002 reported values to fill in the blanks. The
coefficient was E = 1.411E,.

5. There were then 2,673 schools with reported or estimated replacement value
of buildings (B) and equipment (E ).

6. For 22 schools that reported the value of buildings but not that of equipment,
we used reported and estimated replacement values of buildings and equip-
ment to establish the coefficient, E, = 0.306B_*

7. 303 schools did not report either book or replacement values for either build-
ings or equipment. To fill in these blanks, we estimated a capital-output ratio
from the 2,695 schools for which we now had either reported or estimated
capital values. We used as output, @, Adjusted E&G plus Auxiliary and Hos-
pital and Independent Operation expenditures (less all Schelarships and Fel-
lowships and Transfters, Mandatory and Non-mandatory). The result was a
capital estimate, K =B + E = 2.086Q.
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8. This coefficient was used, too, to estimate the replacement value of the capi-
tal stock for those 150 schools that reported the value of equipment but not
buildings.?*

9. For the 571 schools that did not report a book value of land, we estimated it
on the basis of the relationship between reported and estimated building and
equipment replacement values and the book value of land so L, = 0.027(B_+
E).

10. IISEDS asked schools to report the book values of land so we estimated its
replacement value as 2.218 of reported book value, using the coefficient that
our data had produced between replacement and book value of buildings. This
assumes that land has appreciated with inflation at the same rate, on aver-

age, as buildings.
YEARLY CAPITAL SERVICE COSTS

The result of these steps is a set of current replacement values for buildings,
equipment, and land for each of the 3,148 schools. These are discussed in the first two
sections in the text. From these data, the yearly costs of total capital services for each
school were estimated as, for theith school, .025(B, + E) + .0789(B, + E, + L)sinced =
025 and r = .0789. These capital cost data are reported in the section, "FThe Costs of

Capital Services" in the text.
ESTIMATES OF STUDENT SUBSIDIES

Student subsidies were estimated for 2,773 institutions following methods used
in Winston-Yen [1995]. In that study, schools with fewer than 100 undergraduate
FTEs and 20 percent undergraduate enrollment were not included in the subsidy
estimates. In the 1993 data of this paper, the first of these restrictions eliminated 364
schools and 105,950 FTE students (11.6 percent of schools or 1. 1 percent of students)
while the second eliminated 8 schools and 14,620 FTE students.”

Educational capital costs were allocated in proportion to the role of educa-
tional expenditures in total current expenditures, Educational Expenditures i/({'_‘j& G,
+ Auxiliary, + Hospital + Independent Operations, — Scholarships & Fellowships, —
Mandatory and Non-mandatory Transfers), then added to educational current costs.
From this sum, net tuition (gross tuition receipts minus student aid “expenditures”
and Pell grants) was subtracted in order to get the subsidy.

CAPITAL OWNERSHIP, DOUBLE COUNTING, AND DEFERRED
MAINTENANCE

Since IPEDS appropriately asks schools to report the value of all of the buildings,
equipment, and land used in their activities, we were able to generate a measure.of
the total yearly cost of capital services for each institution. But there is the potential
for overstating capital costs for two reasons. Our method will (a) double count to the
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extent that all or part of these capital service costs are already included in reported
current costs and (b) overstate capital costs to the extent that replacement values
overstate the current value of the capital stock by ignoring accumulated deferred
maintenance, thereby overstating opportunity cost. Note that the first of these af-
fects only the estimation of capital service costs while the second affects the estima-
tion of the value of capital stocks.

One source of potential double counting was eliminated when we subtracted from
E&G (and Auxiliary and Hospital and Independent Operations expenditures) the
Mandatory Transfers that are sometimes a device for reflecting capital services in
current costs. Our procedure, in effect, replaces a highly idiosyncratic, even quixotic,
recognition of capital costs with a systematic one.®® As noted in the text, Mandatory
Transfers represented only 1.4 percent of current costs in these data so that correc-
tion was appropriate, but not large.

But variations in the ownership of the capital stock — hence in the source of the
capital service flows — would also produce double counting under our procedures.
Our method is wholly appropriate for a school that ownsg all of its eapital stock out-
right (whether or not it is used as collateral on indebtedness). Once Mandatory trans-
fers are disposed of, no other part of the current accounts will include the costs of
owned_capital. But to the extent that a school rents its eapital services, those rental
charges will show up in current spending but not identified as rental payments so
that we could aveid counting them twice, Finally, when capital services are provided,
as such, by another agency, our method will not distort the measure of total capital
costs. We doubt that double counting of costs in the presence of rented capital is of
practical moment, but we can’t be sure. [Winston, 1993b]

The potential for overstating the true value of resources tied up in a capital stock
— hence the opportunity cost of that capital — by using replacement values without
an adjustment for accumulated deferred maintenance is best seen by analogy with
the value of an institution’s financial capital [Winston, 1992]). Conventionally, assats
represent the gross value of financial holdings. Financial wealth, or “net worth,”
recognizes any offset to those financial assets in the form of financial liabilities. So
net worth is assets less liabilities. A school {or firm or family) with $100 million in
assets and $40 million in outstanding debt has a net worth of $60 million. To ignore
debt and act as if all assets were unencumbered is clearly misleading. The same
relationships hold with respect to physical capital, only here the value of “assets” is
the replacement value of the plant and equipment while the “liabilities” are dccumu-
lated deferred maintenance. Their difference is “net physical worth,” the measure of
wealth held in the form of physical capital. So a school that owns land, buildings, and
equipment with a replacement value of $100 million on which it has accumulated $40
million in deferred maintenance has a net physical worth of only $60 million.”

The opportunity cost of owning physical capital recognizes the yearly cost m-
curred because resources are tied up in a physical form that yields no explicit return,
rather than in the financial form that does. If a school has accumulated no deferred
maintenance, the replacement value of its physical capital is the appropriate base for
reckoning its opportunity cost. This is the opportunity cost we've used. But when a
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school defers maintenance spending, it effectively “liquidates” or converts that por-
tion of its physical wealth, releasing it for other uses including investment in finan-
cial assets. So it eliminates, to the extent of accumulated deferred maintenance,
some of the opportunity cost of holding its physical capital. If the school above with
its $100 million capital stock incurs $2.5 million of real depreciation each year and
spends that much to offset it, deferred maintenance is zero and (ignoring mflation)
the capital stock is worth $100 million at the end of the year as it was at the begin-
ning. An opportunity cost is incurred by the full $100 million in resources — all of
them are tied up in physical capital at the end of the year just as they were at the
beginning. But if, instead, nothing is spent on maintenance during the year and the
full $2.5 million of maintenance is deferred, only an average of $98.75 million of re-
sources ($100+$97.5)/2) will incur an opportunity cost — the $2.5 million not spent
on maintenance by the end of the year can be spent, inter alia, on financial assets that
do earn a return. After, say, ten (inflation-free) years of deferring all maintenance, a
quarter of the replacement value of the capital stock will have been thereby “liqui-
dated” so an opportunity cost will be incurred only by the remaining £75 million —
the “net physical worth” — even though replacement value remains unchanged at
$100 million.

There is, of course, simply no way to estimate the accumulated deferred mainte-
nance for the individual schools of this study — indeed, it is a difficult and often
controversial task to estimate it for a single institution. So it must remain a source of
potential overstatement of the value of the capital stock and of capital costs.

DIRTY DATA

Aside from missing numbers (and zeros), the IPEDS capital data include some
numbers that are, for one reason or another, simply unbelievable. Some of these are
errors in magnitudes of 10 to 1,000,000 resulting, clearly, from misplaced decimal
points. Others are values that embed economically implausible relationships. Chief
among these are schools with reported current replacement value of buildings smaller
than their reported book value — an extremely unlikely relationship in a world of
durable buildings in an environment of rising construction costs. (A stock of equip-
ment, in contrast, might conceivably carry a lower replacement than book value if it
were dominated by information processing equipment for which costs have fallen
aver time — so this logic and its implied adjustment were not applied to equipment
estimates.)

In these cases, outliers were identified by examining extreme values of, for in-
stance, replacement/book value relationships. Using IPEDSin the CASPAR CD-ROM
format has the considerable virtue of providing data for all the years of the survey
which allowed the simple and often fruitful check of a flaky-looking number agaimst
its value for the same institution in proximate years. So we were often able to correct
a number for 1993 on the basis of its value reported for 1992 or 1991. When that
comparison revealed an error as a simple multiple of 10 to 1,000,000, the corrections
carried considerable conviction. In all of these, we focused on comparative replace-
ment values — the goal of our estimates — and worried less about accurately re-
ported book values, which served as on a route to the replacement values.
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When the sources of error were less obvious, we simply treated the outlier as a
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transfers ate a mere 1.4 percent of total current expenditures, so it did not seem necessary to henor
that distinetion.

14. Subsidy (as cost minus price) is clearly not independent of capital service costs but only if all else
were held constant would this relationship reduce to tautology.

15. As does Table 5 in showing declining capital-output ratios by sub sidy decile.

16. In particular, a major difference between O'Neill's study and ours is that her method implicitly
assumes that colleges do not maintain buildings or equipment (allowing them to depreciate}, where
our method implicitly assumes that coHeges fully maintain their stock of capital. She uses changes
in the reported book value of capital from year to year to generate investment flows which she
adjusts for inflation and depreciation over time to get the replacement value net of cumulated depre-
ciation, where we use schools’ reports of replacement value. To the extent that her method neglects
expenditures on capital improvements not reflected in the cost series, the value of the capital stock
will be understated. And to the extent that our method does not account for accumulated deferred
maintenance, the value of the capital stock will be overstated.

17. Note, too, that the numbers in Table B-2 [0'Neill, 1971} differ from the gimilar numbers reported in
Table 6 as a capital cost/cost ratio because we used an average of caleulated institutional capital cost
to cost ratios over sectors and the aggregate while O'Neill caleulated a capital cost/cost ratio for the
aggregate.

18, Or their inaccurate measure as book values.

19. Le., excluding those held for investment purposes but inchuding those used by the institution but
owned by another institution or agency — & consideration that is of the frequent importance for
public eolleges and universities, as in the SUNY system where much physical capital is provided by
another state agency without explicit charge.

20. So IPEDS asked schools to report, for all of the capital used in their activities: book values of build-
ings (B,), equipment (E,), and land (L), along with replacement values for buildings (B)) and equip-
ment (E,).

21. Since, as noted below, we did not depreciate land or land improvements while land incurred an
opportunity cost in full Schultz does this, too [Schultz, 1960].

99,  Alternative approaches to depreciation come rouch the same thing. Attributing different deprecia-
tion rates to a variety of capital types [Probasco, 1991] might be desirable but would much exceed the
limits of these data. O'Neill separated buildings from egquipment, using depreciation rates of 2.0
percent and 5.0 percent respectively. Applying these rates 4o the 2,695 institutions for which we
have separate building and eguipment replacement values gives an aggregate annnal depreciation
rate of 2.66 percent — reassuringly close to our 2.5 percent.

23. Note that this coefficient is substantially larger than Brinkman’s reported in Duc-Le To {1987}.

24. The akternative of simply using the relationship in step 6 above was dismissed as amplifying, unac-
ceptably, any noise in reported equipment values — going in the other direction, from building to
equipment values, such noise is damped.

95. In addition, three schools (The Art Tnstitute of Philadelphia, ICS-Center for Degree Studies and the
Oklahoma Junior College of Business} were oliminated because they did not report the breakdown of
currant funds expenditures necessary to ostimate the educational component of costs.

96. Whether these transfers will or won't acknowledge capital costs in excess of legally obligated debt
service is entirely at the discretion of the institution, therefore the subject of considerable inconsis-
tency.

97. In a set of stable competitive markets with perfect information, net physical worth would describe
the market price of the capital stock.
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