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ABSTRACT

A comprehensive national database on key quantitative
and qualitative aspects of scientific and engineering research
facilities at universities and colleges is presented. This study was
conducted in response to a Congressional request for systematic
information on the status of academic research facilities. The
Naticnal Science Foundation (NSF) was directed to "design, establish,
and maintain a data collection and analysis capability for the
purpose of ldentifying and assessing the research facilities needs of
universities and colleges." Seven chapters look at the following: (1)
introduction (background, presentation of the data and organization
of the report); (2) current amount of research space; (3) new
construction and repair/renovation of research facilities; (4)
sources of funds for research facilities projects; (5) condition and
adequacy of research facilities; (6) research facilities at
historically black colleges and universities; and (7) comparison of
1986 and 1988 research facilities surveys. Some of the findings are:
major sources of funds for research facilities include state/local
governments, private funds, institutional funds, and tax-exempt
bonds; actual and planned repair/renovation costs for the period
1986-1989 total about $1.6 billion; and institutions reported actual
and planned construction projects totalling about $5.5 billion. Five
appendices are as follows: technical notes; list of sampled
institutions; facilities request and approval process; survey
questionnaire; and detailed statistical tables. The report contains
30 tables, 4 charts, and 18 figures. (SN)

® Reproductions supplied by EDRS are the best that can be made *

* from the original document. ®
AR AR AR R R AR R R R R R R R R R AR R R R R R A A R R R R R AR AR AR RN R AR AR R AR RRAARRRRARRRRRNRRRRRS




HIGHLIGHTS

There are an estimated 114 million net assignabie square feet (NASF) of research
space available at the nation’s research-performing universities and colleges. Nearly
all of the space is located in doctorate-granting institutions. The top 50 research
and developm~nt (R&D) institutions account for €] percent of all R&D
expenditures and 50 percent of the research NASF.

Over 80 percent of the research space, and a similar praportion of R&D
expenditures, are concentrated in five science and engineering (S{E) fields: the
biological, medical, agricultural, and physical sciences. and engineerirg.

out $5.5
1987;

Institutions reported actual and planned construction projects totalling
billion. About $2.1 billion was reported for projects initiated in 1986 a
institutions plan a substantial increase to about $3.4 billion in 1988 and 1989.

Construction projects covered in this report involve a total of 22 million NASF of
research space -- about 10 million in 1986 and 1987, and 12 million in 1988 and
1989, some of which will replace obsolete or unsuitable space.

Based on the costs of construction at those institutions which reported inadequate
amounts of research space and reported construction of research facilities, it is
estimated that institutions are deferring about $2.50 in needed construction for
every $1.00 of construction that is planned.

Actual and planned repair/renovation costs for the four-year period 1986-89 total
about $1.6 billion. The 1936 and 1987 level of $863 million is expected to decline
to $777 million in 1988 and 1989.

The amount of space to be repaired/renovated in 1988 and 1989 (9 percent of
existing space) represents only a portion of the space needing repair/renovation
(R&R). Based on the costs of reported R&R projects, it is estimated that about
$3.60 in needed R&R is being deferred for every $1.00 in R&R that is planned.

Major sources of funds for research facilities include State/local governments,
private funds, institutional funds, and tax-exempt bonds. Public and private
institutions utilize different funding mixes from the various sources. The Federal
Government provides a comparatively small share for both public and private
institutions (6 and 7 percent, respectively).

The total institutional debt incurred from projects covered in this report will be
about $1.4 billion, if all projects are completed and funded as anticipated.
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FOREWORD

Universities and colleges have traditionally provided the
intellectual resources and new knowledge required to maintain
and strengthen our nation’s economic competitiveness and to
train future generations of scientists and engineers. The
facilities--bricks and mortar and associated infrastructure
systems--that house the research enterprise at our academic
institutions must be present in sufficient amounts and must
be of suitable quality to allow science and engineering
research and education at the highest levels of excellence.

Acting out of concern raised by the academic community,
Congress directed the Foundation to establish a systematic
data collection and analysis capability to assess the status
and condition of academic research facilities and to report
these findings to Congress. This report, the second in a
biennial series, provides a comprehensive national data base
on key quantitative and qualitative aspects of these
facilities. Future surveys in this series will allow ‘
analysis of changes in the availability, cost, and condition

of research facilities.
s . T‘&

Erich Bloch
Director
National Science Foundation
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This study was conducted in response to a Congressional
request for systematic information on the status of academic
research facilities. The 1986 National Science Foundation
(NSF) Authorization Act (P.L. 99-159, section 108) directed
NSF:

..to design, establish, and maintain a data
collection and analysis capability...for the purpose
of identifying and assessing the research facilities
needs of universities and colleges... The Foun-
dation, in conjunction with other appropriate
Federal agencies, shall conduct the necessary
surveys every 2 years and repcrt the results to the
Congress.

This report is the second in this biennial scries, due to
Congress in September, 1988. It is based on NSF’s 1988
Survey of Scientific and Engincering Research Facilities at
Colleges and Universities.

Current Amount of Research Space

s There are an estimated 114 million net assignable
square feet (NASF) of research space available at
the nation’s rescarch-performing institutions.

Nearly all of the space is located in doctorate-

EXECUTIVE SUMMARY

granting institutions. The top 50 research and
development (R&D) institutions account for 61
percent of all R&D expenditures and 50 percent of
the vesearch NASF.

a Over 80 percent of the research space and a similar
proportion of R&D expendiiures are concentrated
in five science and engineering (S/E) fields: the
biological, medical, agricultural, and physical
sciences, and engineering,

American universities and colleges contained an estimated
114 million square feet! of research space in S/E disciplines
in 1988. Most of this rescarch space was located in
institutions that award S/E doctorates (96 percent). These
institutions also accounted for nearly 99 percent of total
academic R&D expenditures in fiscal year (FY) 1986.
Nearly three-fourths (73 percent) of all academic research
space was in public-sector institutions (Chart 1), somewhat
higher than these institutions’ 65 percent share of total

R&D spending,

1All estimates of research space are based on net assignable square feet
g.:nSP) assigned to organized research. See Appendix pages A-7 and
for definitions.

Chart 1

Percent of total science/engineering research spac:, by

institutional type and con?rol: 1988

4%

(SRt

Public Privcte

To% 50 in Other Mon—
&D doctorate  doctorote—
—granting granting

Referance: Table 1
Sowsce: National Sclence Foundation, SRS




The top 50 institutions® in R&D expenditures -- all of which
are doctara‘c-granting -- contain one-half (50 percent) of all
academic rescarch space and have a mean of 1.1 million
square feet of rescarch space per institution. Other
doctorate-granting institutions, which contain most of the
remaining research space (46 percent overall), average
217,000 square feet per institution. The 232 non-doctorate-
granting institutions that report $50,000 or more in
scparately-budgeted annual R&D expenditures contain 4
percent of all academic research space, or an average of
20,000 square feet per institution.

Over 80 percent of the current academic research space is
concentrated in five S/E disciplines: the biological (21 per-
cent), medical (17 percent), agricultural (16 percent), and
physical (14 percent) sciences, and engineering (14 percent).
These five disciplines also account for approximately the
same proportions of academic R&D expenditures.

Adequacy of the Current Amount of Research Space

In most disciplines, over one-half of all institutions
described their current space as either adequate ("sufficient
to support all the needs of your research”) or as generally
adequate (“sufficient to support most research needs...but
may have some limitations”). By discipline, ratings of
generally adcquate or better ranged from a low of 48
percent of institutions with programs in engincering to a
high of 74 percent of those with programs in mathematics.

Recent and Planned Facilities Construction Activity

= Institutions reported actual and planned construc-
tion projects totalling about $5.5 billion. About
$2.1 billion was reported for projects initiated in
1986 and 1987; insiitutions plan a substantial
increase to about $3.4 billion in 1988 and 1989.

2The top 50 R&D institutions were selectcd s an analytical grouping
because th2y represent significant proportions of R&D expenditures (61
percent) and space (50 percent), and are the only group which is
comparable between the 1986 and 1988 NSF surveys of academic
research facilities. The reader should bear in mind that many
institutions below the top S0 also have significant amounts of R&D

expenditures and research space.

Q

s Construction projects covered in this report involve
a total of 22 million NASF of research space --
about 10 million in 1986 and 1987, and about 12
million in 1988 and 1989, some of which will
replace obsolete or unsuitable research space.

About three-fifths (59 percent) of all academic institutions
plan at least one major facilities construction project
involving research-related costs of $100,000 or more at
some time during the 4-year period 1986-89. This includes
47 of the top 50 R&D performers (94 percent).
Collectively, these projects are expected to produce a total
of 218 million square feet of new research space, the
cquivalent of 19 percent of existing research space.! The
anticipated total cost of the research-.elated components of
these projects is $5.5 billion; $2.1 billion in 1986 and 1987,
and $3.4 billion planned for 1988 and 1989.

Within the 1986-89 period, anticipated construction costs
increased sharply -- from $0.90 billion for projects started in
1986 to an annual average of $1.70 billion for projects
planned to begin in 1988 or 1989 -- a rate of increase of
about 30 percent per year. This increasc in total
construction cost is attributable to two factors:

s There was a steady growth of 10 percer: per year
over this period in the amount of research space
under construction, from 4.7 million square feet for
projects begun in 1986 to an annual average of 5.9
million square feet for projects with planned
groundbreaking in 1988 or 1989; and

s There was an even larger increase of 20 percent per
year in the unit cost of the research space being
constructed, which grew from $192 per square foot
in 1986 to an annual average of $288 per square
foot for 1988 and 1989 combined. This suggests a
marked increase in technical and regulatory
requirements for academic research space.

3All data on construction and repair/renovation projects are based on the

institutions’ fiscal years in which the projects were, or will be, initiated.
For simplicity, references to the periods in which construction or repair/
renovation begins omit the notation "FY"; it is understood that all such
dates refer to the institutions’ fiscal years.

4Construction-genento:d additions to existing research space do not
necessarily constitute a net expansion in the total amount of available
rescarch space. In some cases, there are offsetting losses ~ as obsolete
facilities are demolished or converted to nonresearch uses.
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These findirgs are consistent with reports from institutions
indicating that new construct' )n is driven at least as much
by needs to upgrade the quality of their research facilities to
meet cmerging safety and other requirements as it is by
needs to expand their total amount of research ¢pace.
Among the factors often cited as contributing to the
markedly increased costs of facilities construction were
increasing standards for animal facilities, for toxic waste
dis;posal, for biohazard control, and for data communication
capabilitics.

Relationship Between Need for Additional Research
Space and Plans for Construction

s Based on the costs of construction at those
institutions which reported made.juate amounts of
rescarch space and reported construction of
rescarch facilities, it is estimated that institutions
are deferring about $2.50 of needed construction
for every $1.00 of construction that is planned.

Over two-thirds (69 percent) of the $3.4 billion in planned
facilities construction in 1988 and 1989 is targeted for
disciplines (within institutions) where the current amount of
rescarch space is reported to be inadequate. If all
institutions that reported insufficient space in a discipline
were planning to build additional space, ut the same cost as
that reported by institutions which do plzn construction in
the discipline in 1988 or 1989, the total construction cost
wou!d be $8.1 billion, about 3% times larger than the
amount these institutions actually plun to spend.  This
implies that, for every $1.00 of planne¢ construction at
institutions that need more rescarch space, there is about
$250 in deferred (i.c, needed, but not planned)
construction. The disciplines with the lowest rates of
deferred construction -- those with the smallest disparity
between reported need for additional research space and
reported plans to construct additional research space -- are
the agricultural ($0.77 to $1.00), medical ($1.44 to $1.00),
and biological ($§2.01 to $1.00) sciences.

Condition of Current Research Space

About one-fourth (24 percent) of all space currently used
for organized rescarch in academic settings is reported to be
"suitable for use in the most highly developed and
scientifically sophisticated research in its ficld," and an
additional 37 percent is describea as "cffective for most
purposes..." (Chart 2). The remaining 39 percent is judged
to be in need of limited (23 percent) or major (16 percent)

repair /renovation to be used effectively. A general
similarity was noted among fields for condition ratings.

Chart 2
The condition of scisnce/snginsering research
space at univoraities and collegea: 1988

{0 Suitcble for most

- ’H i‘”%llllllm. e

£ Requiring limited
u.::lr/r&nvctlon

H Requiring ma)
n.;lr/rgmvcja'on

Reference: Appendix toble 5-1
Source: National Science Foundotion, SRS

Recent and Planned Facilities Repair/Renovation

s Actual and planned repair/renovation costs for the
period 1986-89 total about $1.6 billion. The 1986
and 1987 level of $863 million is expected to decline
to $777 million in 1988 and 1989.

s The amount of space to be repaired/renovated in
1988 and 1989 (9 percent of existing space)
represents only a porticn of the space needing
repair/renovation (R&R). Based on the costs of
reported R&R projects, it is estimated that about
$3.60 in needed R&R is being deferred for every
$1.00 in R&R which is planned.

In 1986 and 1987, academic institutions initiated major
repair /renovation projects (projects with $100,000 or more
in costs relating to R&D space) affecting 12 percent, or 13.7
million square fget, of all academic research space. For
1988 and 1989, institutions plan repair/renovation projects
affecting an additional 9 percent (9.7 million square feet) of
existing rescarch space. Reported total costs of these
projects declined somewhat, from $863 million in 1986-87 to
an anticipated $777 million in 1988-89. In some cases, the
decline from 1986-87 to 1988-89 in expected repair/
renovation activity indicates a planned shift to greater
emphasis on new construction. In other cases, it reflects

16




an underestimation of the extent to which future
repair /renovation projects imay be needed in response to
changes in technical or regulatory requirements.

Over the 4-year period 1986-89, planned expenditures for
facility repair/renovation total $1.6 billion, or about one-
fourth (23 percent) of the $7.1 billion in total planned
expenditures for both construction and repair/renovation.
This pattern is generally stable across disciplines (Chart 3).
Exceptions are computer science and agricultural sciences,
in which more of the facilities-related expenditures
(85percent and 90 percent, respectively) involve
construction of new facilities rather than repair/renovation
of existing ones.

Deferred Repair/Renovation

One of the most common themes mentioned by academic
official* "a the open-ended survey responses concerned the
backlog of necessary repairs and renovations, often of older
facilitics. Institutions indicated that the continued deferral
of repair and renovation projects compromises the quality
of the research space. The fact that the total costs and
square footage involved in repair/renovation ace declining
over the 4-year period covered by this survey suggests a
continuation of this deferral pattern,

In particular, there is a substantial disparity between the
amount of research space institutions report to be in need
of repair/renovation in 1988 (39 percent of all existing
research space) and the amount they actually plan to repair
or renovate in 1988 or 1989 (9 percent). If all research
space needing repair/renovation were to receive it, at the
same cost per squarc foot as was found at institutions
actually planning such projects, the cost would total $3.6
billion, roughly 4% times the amount institutions plan to
spend. This means that, for every $1.00 institutions plan to
spend for facilities repair/renovation in 1988-89, there is an
additional $3.60 of repair/renovation that is needed but is
being deferred to some future time.

As was found carlier for deferred construction, the
disciplines with the lowest rates of deferred repair/
renovation (ic., the ones whose planned spending comes
closest to mecting the estimated need in the discipline) are
the medical ($2.10 to $1.00) and biological ($2.40 to $1.00)
sciences. These are also the two disciplines with the highest
absolute levels of recent and planncd spending for both
construction and repair/renovation of r.search facilities
(Chart 3).

Chart 3
Anticipated total spending for construction and repair/renovation of
academic research facilities, by discipline: 1986-89

Dollors in millions

0 5&0 1000 1500 2000 2500
Engineering 3035 _ﬁu 0 Fucifities_ ,
Physical sciences $716 TN 233 construction
Environmental sciences Js183/348 B Facilities .
Mathematics |$8/$7 repair/renovation
Computer science |_J $130/$23
Agricultural sciences | _$380_J]$43
Biological sciences —$1,138
Medical sciences 1,585
Psychology [1$52/825
Social Sciences | J]$100/$44
Other sciences, n.e.c. P s245/882

Refersnce: Appendix tobles 3—-4 and 3-8
Source: National Sclence Foundation, SRS
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Sources of Funds® for Facilities Construction and Public (i.e., State-opcrated) and privaic institutions report
Repair/Renovation. substantially different patterns of funding support for
construction and repair/renovation of research facilities.
» Major sources of funds for research facilities Over the 4-year period from 1986 to 1989, State and local
include State/local governments, private funds, government sources account for over one-half (53 percent)
institutional funds, and tax-exempt bonds. Public  of all planned facilitics-related spending at  public
and private institutions utilize different funding institutions, but for only a small fraction (3 percent) of the
mixes from the various sources. The Federal planned spending at private institutions (Chart 4). By
Government provides a comparatively small share  contrast, private institutions rely more heavily than public
for both public and private institutions (6 percent institutions on funding support from private donations
and 7 percent, respectively). (35 percent vs. 11 percent) and on use of tax-exempt bonds
or other forms of debt financing (30 percent vs. 14 percent).
s The total institutional debt incurred from projects  Federal sources account for comparatively small fractions of
reported in this survey will be about $1.4 billion, if  the facilities funding support of both public and private

all projects are completed and funded as institutions (6 percent and 7 percent, respectively).

anticipated.

Chart 4
Sources of funds for construction and repair/renovation
of academic research facilities: 1986—89

2% 7%

- Federal Govemment
. State/local government
- Private donations

V/A Institutional funds

D Debt financing

D Other

Public. Private
institutions institutions

Note: Percents may not sum to 100 because of rounding.

Reference: Appendix tobles 4-2, 4—4, 4—8, and 4-8
Sourcs: National Sclence Foundation, SRS

‘TMI report includes data on the direct costs of construction and
repair/renovation and the sources of funds for these direct costs. No
attempt was made to quantify future jndirect cost pressures resulting
from current or planned projects.
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Among private institutions, debt financing and private
contributions both account for larger shares of the funding
for construction projects than they do for repair/renovation
projects, and conversely, internal college or university funds
(excluding debt financing) account for a considcrably larger
share of the costs of repair/renovation projects (43 percent)
than of construction projects (16 percent).  Similar
differences in the funding of construction vs. repair/
renovation projects are seen at public institutions, although
the effects arc attenuated by the overriding influence for
both types of projects of funding from State and local
governments (53 percent of the funding for both
construction and repair/renovation).

The total institutional debt incurred from projects reported
in this survey is approximately $1.4 billion, if all projects are
completed and funded as anticipated. About $812 million of
this debt has been, or will be, incurred at private
institutions; about $953 has been, or will be, incurred by the
top 50 research universitics.

Private institutions reported an anticipated 60-percent
increase in the use of tax exempt bonds for capital projects
in 1988 and 1989 when compared to 1986 and 1987. For
private institutions only, recent legislation has placed a $150
million limit on outstanding tax exempt bonds. This $150
million cap may have an impact on future funding for
facilities projects, particularly for institutions in the top 50.
Twenty percent of all private doctorate-granting universities
have reached the limit, and an additional 8 percent expect to
do so in the next 2 years. Among the 19 private institutions
in the top 50, however, 11 reported that they have already
reached the cap, while another 3 anticipate doing so over
the next 2 years.

Research Facilities at Historically Black Colleges
and Universities

Of all S/E space at historically black colleges and
universities (HBCU's), 19 percent or 1 million NASF is
used for rescarch. This represents 1 percent of the total
NASF for all institutions, similar to the HBCU shure of
total academic R&D expenditures.

HBCU’s obtained more than 80 percent of their funding for
new construction and repair/renovation projects from
government sources. Federal (45 percent) and State/local
government (36 percent) sources combined accounted for
81 percent of construction in 1986 and 1987; comparable
shares for repair/renovation activities were 61 percent and
35 percent. For planned 1988 and 1989 activities, total
project costs arc lcss than for the preceding two years.
State and local funding is expected to exceed Federal

funding, and virtually no funds are reported from
institutional sources, tax-exempt bonds, or other debt.

Methodology

Concurrent with the conduct of the first NSF facilities
survey in 1986, an expanded full-scale baseline study was
designed, to be used for the second iteration of the facilities
study.

NSF developed the 1988 survey instrument in cooperation
with scveral higher education associations, university
representatives, and an expert advisory panel. The scope of
the 1988 facilitics survey was expanded to include
information on predominantly undergraduate institutions
and historically black colleges and universities as well as
information on a broader range of doctorate-granting
institutions. In addition, quantitative as well as qualitative
data were collected for individual science and engineering
ficlds, which provided a more detailed picture of the
amount and condition of available research space, recent
and planned repair/renovation and construction activities,
and sources of funds for these capital projects for the years
1986 through 1989.

After the initial survey design phase, the questionnaire was
pretested at a diverse group of 22 universities and colleges
throughout the Nation. Site visits were made to discuss the
survey instrument and procedures as well as the accessibility
of requested data from institutional records. The full-scale
survey was conducted during the fall and winter of 1987-88.

The data in this report were obtained from a stratified
probability sample of 244 universities and colleges in a
universe of 524 institutions, selected on the basis of R&D
expenditures in science and engineering in FY 1983. All of
the schools ranked in the top 50 in terms of R&D
expenditures, and 98 of the top 100, were sampled. All
historically black colleges and universities with R&D
expenditures were included. The sample represented more
than 75 percent of total academic R&D expenditures and at
least 70 percent of spending in each S/E discipline.

Findings from the 1988 study are statistically weighted to
provide national estimates for all schools that perform
R&D activities. While medical schools were surveyed
scparately, they reported the same information as all other
schools. The response rate was 90 percent for all
universities and colleges, and 89 percent for medical
schools.
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1. INTRODUCTION

Background

In recent years, the higher education community has
become increasingly concerned about the status of academic
science and engineering rescarch facilities. Various reports
have indicated that there is a wide range in the adequacy of
existing college and university research facilities. Some are
excellent; others are inadequate to support the institutions’
research cfforts as a result of the aging of buildings, the
deferral of necessary maintenance, and the need for
sophisticated environments to support new technologies.

Some institutions have also reported that they are unable to
sccure funding for projects to repair, renovate, and
construct rescarch facilities because of economic constraints
on State appropriations and increasing plant debt. With the
implementation of recent tax reform legislation, additicia!
c)ncerns have been raised regarding the financing of
facilities because of the limitation on tax-exempt bonds that
private institutions may have outstanding and the decreasing

tax advantages of private gifts.!

Acting out of these concerns, Congress, in the 1986 NSF
Authorization Act (P.L. 99-159, Section 108), instructed the
National Science Foundation;

..to design, establish, and maintain a data
collection and analysis capability in tke
Foundation for the purpose of identifying and
assessing the research facilities needs of
umversities.... The Foundation, in conjunction
with other appropriate Federal agencies, shall
conduct the necessary surveys every 2 years and
report the results to the Congress.

This report presents the findings of the 1988 Survey of
Scientific and Enginecring Research Facilitics. This is the
first full-scale survey to be conducted on this topic. Future
data coliections in this biennial series will enable analysts to
detect changes in the availability and cost of rescarch
facilities, and will indicate improvement in or worsening of
their condition.

The 1986 NSF Academic Research Facilities Survey

The first NSF report to Congress in response to this
mandate was due September 1, 1986, less than one year after

1Bricks and Mortar: A Summary and Analysis of Proposals to Meet
Pacilities Needs on College Campuses. Congressional Research Service,
1987.

the legislation was passed. To meet the schedule, the
Foundation used an existing "quick-ro:s.,;\onse"2 survey
mechanism, the Higher Education Surveys (HES), to collect
data during the spring of 1986. The surveys were limited to
institutions classified as doctorate-granting in the
Department of Education’s Higher Education General
Information Survey (HEGIS), the universe for the HES
panel.

A mail questionnaire was used to collect quantitative data
on science and engineering rescarch facilities. Items
included the amount of research space available; costs of
repair, renovation, and new conms!ruction in progress in
academic yecar 1985-86 and planned for academic years
1986-87 through 1990-91; the sources of funds for these
projects; and the age of R&D facilities. Because of the
snort turnaround time needed to meet the Congressional
due date, the survey did not collect square footage or
project cost data by individual science and engineering
discipline.

A companion telephone survey was used to collect
qualitative information regarding the status and adequacy of
research facilities in science and engireering disciplines
from research administrators and deans at a subset of the
same schools represented in the mail survey. The telephone
questionnaire included items on the condition of research
facilities, the adequacy of the amount of rescarch space
available, the effects of facilities needs on the institutions’
rescarch programs, and difficulties that the institutions
faced in addressing their facilities needs.

The 1988 NSF Academic Research Facilities Survey

While the 1986 NSF "quick-response” surveys were being
conducted, the Foundation began the development of an
expanded survey to be conducted in 1988, and every two
years thercafter. The National Institutes of Health (NIH)
joined NSF in sponsoring the expanded survey.
Development of the survey benefited from the assistance of
bigher education associations, university representatives,
and an expert advisory panel representing five research
universitics. A group of higher education associations
sponsored a workshop in the spring of 1987 for the purpose
of advising NSF and NIH on the content of the survey
questionnaire. During the summer of 1987, NSF, NIH, and
contractor staff conducted site visits at 22 colleges and

zA Quick-response survey system is one that utilizes brief quastionnaires
(usually only two or three pages) to collect limited amounts of data,
Genenlly, these surveys have brief time frames in order to respond to
issue-related data requests.
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universitics. During thesc site visits, which contributed
greatly to the development of the survey, data collection
issues, definitions, and questionnaire items were discussed
in-depth with research administrators, facilities and budget
officers, science and engineering deans, and principal
investigators. The findings of the pretest site visits were
presented in another association-sponsored workshop in the
carly fall. There was general agreement with the overall
design of the survey instruments that resulted from this
cooperative effort.

The 1988 survey builds upon, and goes considerably beyond,
the 1986 study. As a result, the two survey efforts differ in
significant ways. The majority of the differences are related
to the survey samples and to the level of detail requested in
the questionnaires and arc presented in Exhibit A-1 in
Appendix A: Technical Notes. The following paragraphs
briefly describe these differences.

The sample for the 1988 survey included a broader range of
institutions than the 1986 survey. The 1988 survey’s
universe of approximately 525 institutions includes all those
that award doctoral or master’s degrees in the sciences and
engineering, all other institutions that have separately
budgeted research expenditures of $50,000 or more, and all
historically black colleges and universities (HBCU’s) with
any rescarch expenditures. A sample of 244 institutions was
selected with probability proportional io size, as measured
by total science and engincering R&D cxpenditures.3 The
sample included all of the top 50 research universities, and
98 of the top 100, based on total R&D expenditures. In
order to provide reliable estimates for research facilities at
HBCU's, all 29 of those with separately budgeted research
expenditures were included in the sample. Data were
collected separately for medical schools at sampled
institutions; 99 of the 137 institutions with medical schools
were sampled.

The 1988 survey questionnaire collected data on research
square footage and capital projects associated with research
facilities by major science and engincering discipline,
whereas the 1986 survey collected these data only in the
aggregate. In addition, the current survey collected data on
the square footage involved in repair/renovation and new
construction projects by S/E field; thesec data were ot
collected in 1986. The 1986 survey collected cost
information on repair, renovation, and construction in
progress and work planned for the following 5 years. The

3111: universe file from which the sample was drawn was the 1983 survey
of R&D expenditures, which represented the most recent universe
survey of R&D spending at universities and colleges.

Q

current survey collected information on repair/renovation
and new construction projects in the institution’s previous
two fiscal years (1986 and 1987) and work planned for FY
1988 and 1989. Finally, items concerning the adequacy of
selected aspects of research facilities (infrastructure
systems) were included in the current survey, but were not
included in 1986.

The survey was conducted by mail, and extensive telephone
follow-up was conducted to maximize the survey response
rate. Considerable additional contact was necessary to
resolve questions or problems with specific survey
responses, in order to obtain the most complete and
accurate information possible. The response rate to the
survey was 90 percent for all universities and colleges, and
89 percent for medical schools. Rates of response were
consistently high for all types of institutions.

Following the completion of data collection, additional site
visits were conducted to discuss the data with the respond-
ing institutions and obtain insights that would assist in the
analysis and interpretation of the data. (See Appendix A,
Technical Notes, for additional detail on the study’s
methodology and a discussion of data considerations.)

Presentation of the Data and Organization of the
Report

The 1988 Survey of Scientific and Engineering Research
Facilities provides the most comprebensive national data
base available to date on the status of these facilities. The
detailed information will permit the analysis of changes in
the status aud condition of research facilities in the future.
This report uses the data to present both quantitative and
qualitative baselines on academic research facilitics. Where
appropriate, the findings of this survey are compared to the
findings of the 1986 NSF survey on research facilities and to
other previous facilities studies.

The first three chapters of findings provide quantitative
information on academic research facilities. Chapter 2
presents the findings of the survey concerning the amount of
resecarch space currently available in science and
engincering disciplines. Differences between institutional
types, and between science and engineering disciplines are
described. Chapter 3 discusses the costs and square footage
associated with repair/renovation and new construction of
research facidties for projects initiated in 1986 and 1987
and planned for 1988 and 1989. The sources of funds for
these projects are presented in Chapter 4, with particular
emphasis on the differences between public and private
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institutions. The status of private institutions relative to the
limitation on outstanding tax-exempt bonds is also discussed
in Chapter 4.

Chapter 5 presents the qualitative information collected in
the survey, including the condition of research facilities, the
adequacy of the amount of research space available, and the
adequacy of selected infrastructure aspects of facilities. The
findings concerning the condition and adequacy of the
facilities arc compared to capital project information
provided in Chapter 3.

Chapter 6 provides a summary of findings for historically
black colleges and universities. Chapter 7 compares the

findings of the 1986 and 1988 surveys, to the extent to which
comparisons can validly be made.

Appended to this report are an in-depth discussion of the
1988 study’s design and methodology, and a comparison
with the 1986 approach (Appendix A); a list of sampled
institutions (Appendix B); a summary of information about
the approval process for capital projects provided by the
institutions (Appendix C); a copy of the survey
questionnaire (Appendix D); and detailed statistical tables
(Appendix E).
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2. CURRENT AMOUNT OF RESEARCH SPACE

HIGHLIGHTS

= American universities and colleges reported a total
of 114 million net assignable square feet (NASF) of
science/engineering research space in 1988.

- One-half (565 million square feet) was
concentrated in the top 50 R&D performers,
which reported a mean of 1.13 million square
feet of research space per institution.

Other doctorate-granting instituticns, those not
in the top 50 in R&D, contain an additional 46
percent (525 million square feet) of all
academic research space and have a mean of
217,000 square feet per institution.

Noa-doctorate-granting institutions contain 4
percent (4.6 million square fect) of all academic
rescarch space, for a mean of 20,000 square feet
per institution.

Public institutions contain 73 percent (83.2 million
square feet) of academic resecarch space, while
private institutions contain 27 percent (30.4 million
square feet).

Over 80 percent of all 1988 R&D space was
concentrated in five disciplines: the biological (21
percent), medical (17 percent), agricultural (16
percent), and physical (14 percent) sciences, and
engincering (14 percent).

Universities and colleges serve both instructional and
rescarch missions in the sciences and engineering. As a
result, not all of the S/E space available at these institutions
is dedicated to instructional activities; some is specifically
assigned to research.

Institutions were asked to report both the total et
assignable square feet (NASF) of S/E space in specified
disciplines, and the total NASF used for scparately
budge‘ted organized research, as defined in OMB Circular
A-21.

“This definition was used in recognition of the fact that the larger R&D
institutions arc required by the Federal Office of Management and
Budget (OMB) to maintain information about their R&D space on the
basis of the A-21 definition. The study intent was to take advantage of
these existing institutional record systems, thereby minimizing response
burden and improving standardization of reporting. All research square
footage vaiues are reported in net assignable square feet meeting the A-
21 definition. The OMB definition of organized research appears in the
Technical Notes, .\ppendix A.
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The 524 universities and colleges in the survey universe
contained an estimated total of 274 million square feet of
assigned space in S/E disciplines in early 1988 (Appendix
table 2-1). Of this, 114 million NASF, or 41 percent, were
used for organized research (table 1). Most of this research
spacc (96 percent) was located in doctorate-granting
institutions.

Table 1. Number of institutiona, amount of R&D space, and percent

of total science/enginesring (S/E) space used for R&D, by
institution type and control: 1988

Amount of R&D space

As percent
of total
S/E space

Mean per
Tolal institution

(sq.fin  (sq.fin

217
374
1,130
217

103
18
84

103

Note: Detalls may not sum to lolals because of rounding.
Reference: Appendix table 2-1.
Source: National Science Foundation, SRS

The top 50 R&D performers, as determined from reported
R&D expenditures for 1983, contain one-half of all
academic research space, 56.5 million NASF> The mean
amount of R&D space for the top 50 R&D performers, all
of which are doctorate-granting institutions, was much
gicater than the average across all other doctorate-granting
institutions (1,120,000 NASF vs. 217,000 NASF). Non-

S'm top S50 R&D performers are used as an analytical group because
they represent a significant proportion ($6.5 billion or 61 percent) of
R&D expenditures and one-half of research NASF. In addition, they
are the only institutional group which is comparable between NSF's 1986
and 1988 surveys. The recader should bear in mind that many
institutions below the top 50 also have significant amounts of R&D
expenditures and space.




Figure 1

Distribution of sp

All assigned S/E spoce

Reference: Appendix table 2—1
Source: Nationol Science Foundation, SRS

doctorate-granting institutions had the smallest average
amount of R&D space (20,000 NASF per institution).

The percentage of S/E space that is used for organized
research is also considerably higher at the top 50 institutions
(53 percent) than at other doctorate-granting institutions
(38 percent) or at non-doctorate-granting institutions (16
percent). Consequently, the top 50 institutions have an even
larger share of all academic R&D space (50 percent) than
they do of all academic S/E space (39 percent), and non-
doctorate-granting institutions have a smaller fraction of
total R&D space (4 percent) than of overall S/E space (11
percent) (figure 1). Thess institution type differences might
have been somewhat less pronounced if the survey had
included all space used for S/E rescarch, rather than just
space used for organized research, as defined in OMB
Circular A-21. Anccdotal information from visits to
. sclected institutions suggests that the A-21 definition
encompasses the great majority of space actually used for
research at the largest R&D institutions, but for smaller
institutions especially for non-doctorate-granting
universities and colleges -- significant amounts of research
arc pot scparately budgeted and take place in space that
does not qualify under A-21. However, cven if all non-
doctorate-granting institutions in the study universe
allocated fully as much of their total S/E space to rescarch
as do the 50 most intensively research-oriented institutions

Q

ace assigned to science/
disciplines, by institution type:

e1ngqg18eering (S/E)

0O Top 50
R&D

[ Other
doctorate—
granting

B Non-—
doctorate—
granting

R&D space

in the Nation, the 232 non-doctorate-granting institutions
would collectively account for no more than 11 percent of
all academic R&D space.

The mean amount of R&D space per institution for the top
50 R&D institutions in the Nation (1,130,000 NASF) is
about 9 percent higher than the amount found 2 years
carlier in the 1986 NSF rescarch facilities survey (1,032,000
NASF). The two studies used comparable definitions of
both "R&D space” and "top 50 iustitutions", and it appears
that the difference between the two estimates reflects real,
net expansion of R&D space at these institutions over the 2-
year interval between the studies.

In cach major institution-type category (i.c., top 50 in R&D,
other doctorate-granting, and non-dcctorate-granting), the
mean amount of R&D space per institution is considerably
larger at public than at private institutions, in spite of the
fact (nat private institutions allocate somewhat higher
proportions of their S/E space for organized research use
than do public institutions -- overall and in each of the three
type categories (table 1).

SThis is the only subgroup for which the two surveys are comparabie,
since the 1986 survey excluded all non-doctorate-granting institutions
and about one-half of all doctorate-grantin, institutions below the top
0.
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Although nearly all 524 institutions encompassed by this
survey maintain R&D space in some disciplines, few have
rescarch programs in all S/E disciplines. (In later sections
of this report, statistics on the condition and other
characteristics of research facilities, by discipline, are
limited to those institutions that report some R&D space in
the discipline.) Rescarch programs in the biological
sciences arc most widely represented: 90 percent of all
institutions (and 100 percent of the top 50) reported some
space for organized research in this area (table 2). Other
disciplines with comparatively widespread representation
are the physical sciences, which have research space at 85
percent of all surveyed institutions, psychology (77 percent),
and the social sciences (69 percent). All other disciplines
have organized research space at less than two-thirds of all
research institutions. Institutions least often reported space
for organized research in the agricultural sciences (19
percent, nearly all of which was in public institutions) or in
the category entitied “other sciences, not slsewhere
classified (n.c.c.)" (18 percent). This "other sciences"
category comsists primarily of non-departmental,
interdisciplinary facilities that are dedicated entirely to
rescarch and are found predominantly at the larger R&D
institutions.

Although present at comparatively few institutions, the
agricultural sciences and “other sciences" both have
relatively large percentages of their total space assigned for
R&D use: 58 percent and 72 percent, respectively (table 3).

Table2. Percent of institutions with any assigned R&D space in
science/engineering disciplines, by discipline and institution
1

type: 1988
Institution type
Disciplines Doctorate-granting
Total Non-
Top 50 doctorate-
in R&D Other granting
100% 100% 100%
88 69 3
96 4 91
86 65 “
86 60 56
80 55 80
48 20 10
100 83 o4
92 64 24
92 n 80
-7 71 62
48 25 4

Table 3. Percent of assignec science/engineering space that is used
for R&D, by discipline and institution type: 1988

Instiution type
Discipiines Doclorate-granting
Tolal Non-
Top 50 doclorate-
iNR&D | Other | graniing
53% 38% 16%
50 38 12
59 P 19
64 P 15
19 18 6
o 28 16
73 50 21
67 51 17
37 25 9
45 38 18
28 19 9
7 75 20

Reference: Appendix able 2-3.
Source: National Science Foundation, SRS.

At the otber extreme, mathematics has only a small fraction
of its assigned space allocated for R&D use (15 percent), as
do the social sciences (21 percent). These field differences
have implications for later findings on the construction and
repair/renovation of research facilities. Since institutions
were asked to report only the portion of construction or
repair/renovation projects that affects R&D space, the
percentages shown in table 3 indicate that the prorated, or
R&D-related, component will be a comparatively small
fraction of the total space and cost of all S/E facilitics, and
this fraction varies by institutional type and discipline.

Collectively, the three life science disciplines account for
over one-half (54 percent) of all academic R&D space: the
biological sciences (21 percent), the medical sciences (17
percent), and the agricultural sciences (16 percent) (table
4). Engineering and the physical sciences each have 14
percent shares of all academic R&D space, and the
remaining disciplines contain less than 10 percent each.
These findings closely parallel the findings of the most
recen: NSF survey of academic R&D expenditures,
concerning the distribution of R&D expenditures among
disciplines.” The only discipline for which there is a
substantial difference between the two is the agricultural

TAcademic Science/Engineering R&D Funds: Fiscal Year 1986 (Detailed
Statistical Tables), National Science Foundation, 1988 (Publication
Number NSF 88-312).
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Table 4. Distribution of R&D space by discipline and institution type:

1988
Institution type
Discipi Doclorate-granting
o Non-
Total Top 50 doclorate-
In R&D Other granting
(percent of institutions’ R&D space)
100% 100% 100% 100%
14 15 13 12
14 13 14 29
6 6 5 4
1 0 1 M
1 1 1 4
16 18 15 6
2t 20 23 2
17 17 19 2
3 2 3 9
3 3 3 7
4 4 4 2

Note: Percents may not sum to 100 because of rounding
Reference: Appendix table 2-3.
Source: National Science Foundation, SRS.

sciences, which have a larger share of R&D space (16
percent) than of R&D expenditures (10 percent).

The three types of institutions have somewhat different
distributions of rescarch space across disciplines. Thus, the
physical sciences, computer science, psychology and the
social sciences occupy coraparatively large fractions of the
R&D space at non-doctorate-granting institutions, while the
environmental, agricultural, and medical sciences are more
prominent within doctorate-granting institutions (table 4).
However, the biological sciences have the single largest
share of institutions’ total R&D space, overall (21 percent)
and among doctorate-granting instituticns.




3. NEW CONSTRUCTION AND REPAIR/RENOVATION
OF RESEARCH FACILITIES

HIGHLIGHTS

» Institutions’ expected spending for construction of
research facilities totaled $5.5 billion during the
1986-1989 period and grew from $2.1 billion in
1986-87 to $3.4 billion in 1988-89, an average
ircrease of about 30 percent per year. This
remarkable increase is partly attributable to an
increase in the amount of research space under
construction, which grew by 10 percent per year
over this period. More importantly, the average
construction cost per square foot of research space
grew by 20 percent per year over this period. This
suggests that recent increases in spending for
construction of research facilities are being driven
more by rapidiy changing technical and regulatory
requircments for science/engincering research
space than by institutions’ desires to expand the
quantity of their research space.

= Institutions’ expected spending for facilities repair/
renovation declined somewhat, from $863 million
in 1986-87 to $777 million in 1988-89.

s The top 50 R&D performers plan to spend a total
of $3.0 billion (an average of $60.9 million per
institution) for research-related construction and
an additional $885 million ($17.7 million per
institution) for facilities repair/renovation over the
period 1986-89.

= Doctorate-granting institutions below the top 50
reported actual and planned spending of $2.1
billion for construction of R&D facilities in the
period 1986-89, an average of $8.9 million per
institution. Expenditures for repair/renovation are
expected to total $674 million, or $2.8 million per
institution.

= DCuring the 1985-89 period, non-doctorate-granting
institutions plan to spend $271 million (an average
of $1.2 million per institution) for new construction
and $81 million ($349,000 per institution) for
repair/renovation.

= On a per-institution basis, private institutions
within the top 50 reported considerably higher
spending levels than their public-sector counter-
parts, for both construction and repair/renovation
of rescarch facilities. The reverse was trus among
institutions mot in the top 50 in R&D (both
doctorate-granting and non-doctorate-granting),

where mean facilities spending levels were higher
at public institutions than at private ones.

s Over onc-half of all facilities-related spending
(construction plus repair/renovation) was concen-
trated in two disciplines: the medical sciences (29
percent) and the biological sciences (21 percent).

This chapter discusses the scope and costs of institutions’
projects to construct new R&D space or to repair or
renovate existing R&D space. The data are limited to
major projects, those with total R&D-related costs (across
all affected disciplines) of $100,000 or more. For projects
involving construction or repair/renovation of buildings
used only partly for organized R&D, institutions were
instructed to prorate their estimates of total project cost and
sqt_are feet to reflect only the R&D component. Data were
collected separately for projects started in fiscal years (FY)
1986 and 1987, and for those planned to begin in the 2-year
period FY 1988-89. For simpi. rity, references to the period
in which the construction or repair/renovation project
begins frequently omit the notation "FY™; it is understood
that all such dates refer to the institutions’ fiscal years.

Basic quantitative findings concerning numbers of
institutions with recent or planned construction or
repair/renovation projects, the net assignable square fect
(NASF) of R&D space involved, and the estimated total
cost at completion for the R&D component of the projects
are presented in Appendix tables 3-1 to 3-8. These data are
summarized below.

Construction of New R&D Space, 1986-89
Extent of Construction Activity

In any given year, relatively few institutions break ground
for major projects to comstruct new facilities for S/E
research.® Only 92 doctorate-granting institutions (32
percent) and 36 non-doctorate-granting institutions (16
percent) began any such projects in 1986, and the
propo.tions were even lower in 1987: 32 percent of
doctorate-granting institutions and 11 percent of non-
doctorate-granting institutions (Appendix table 3-1).
However, across the entire 4-year period covered by this

8Comtmction is defined as new building or addition to an existing
building. Total project costs include planning, construction, and fixed
equipment for the building and associated infrastructure,




Table 5. Percent of insti. utions starting any projects to construct new
science/engineering R&D space, by institution type and
oontrol and year of project stast: 1986-89*

Year of construction project start
'm“"m"“'”m” 1986 of 1988 of 1986 10
1987 1989 1989
(begun) (planned) (4 yr. tolal)
™ 3% 50%
46 3] 76
80 80 o4
39 57 72
25 2 38
4“4 56 n
54 70 85
90 87 97
47 68 84
29 % 53
25 2 39
3 45 57
63 68 89y
25 38 50
18 2 20
*Findings are Wmited 10 projects with estimaied lotal cost at completion of

$100,000 or more for RAD-relaled space.
Reference: Appendix iables 3-1 and 2-1.
Source: National Science Foundation, SRS.

study (1986-89), over three-quarters (76 percent) of all
doctorate-granting institutions, including 94 percent of the
top 50 R&D performers, plan at least one major project to
construct new research space (table 5). Among non-
doctorate-granting institutions, only 38 percent plan such
projects; the majority of these institutions (62 percent) do
not plan any new construction of R&D facilities at any time
during this 4-year period.

About three-fourths (73 percent) of public-sector insti-
tutions anticipate some new construction of R&D facilities
in the period 1986-89, a much higher percentage than was
found for private institutions: 39 percent. Substantial
differences in the direction of more widespread construction
at public than at private institutions were found for cach
time period and in every institution-type category studied
(table 5). This is consistent with the findings of NSF’s 1986
facilities survey, in which 72 percent of public universities,
but only 44 percent of private schools, reported construction
activity in progress.

Since construction projects often affect only one or two
disciplines, the numbers of institutions doing or planning
new construction in any particular S/E discipline in any

particular year are generally only a fraction of those with
ongoing research programs in the discipline. At the
extreme, only 4 percent of institutions with R&D space in
mathematics reported any recent or planned construction of
new space in that field. Construction activity was also very
limited in psychology (7 percent of all institutions) and the
social sciences (10 percent) (table 6). The discipline with
the most widespread construction activity was the
agricultural sciences (60 percent of institutions with
organized research in that field), but this is something of a
special case because agricultural research is so heavily
concentrated in a small number of (often large, usually
public) institutions. Among the remaining disciplines, the
medical sciences and enginezring stand out as ones with
relatively widespread construction activity over the 1986-89
period (43 percent and 40 percent, respectively, of
applicable institutions).

Amount of New R&D Space under Construction

Construction projects begun in 1986 were estimated to
provide 4.7 million net assignable square feet (NASF) of

Table 6.  Percent of institutions with any recent or planned projects
to construct new RAD space, by discipline and institution
type: 1986-89*
Institution type
Disciplines I__Doct Non-
Top 50 doclorate-
Total in R&D Other granting
TOM.......oreeeeenneceenneenes 59% 94% 2% 38%
40 73 29 48
23 40 25 16
19 21 16 24
4 9 5 1
14 23 16 1"
60 n 65 3s
3 54 38 2
4 70 48 5
7 13 5 8
. 10 4 10 1"
Other sciences, n.e.c..... 24 3 26 <1

*Findings are limited to projects with estimated tolal cost at compietion of
$100,000 or more for R&D-related space. The base of the percentage is the
estimated number of institutions with any R&D space In the discipiine in 1988.

Reference: Appendix tables 3-1a and 2-2.
Source: National Sclence Foundation, SRS.
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additional research space in S/E disciplines;” projects begun
in 1987 were expected to produce 5.2 million NASF of new
R&D space; and projects planned for 1988 and 1989 were
expected to produce a total of 11.8 million more NASF (or
an average of 5.9 million NASF per year over this period).
These totals form a close-to-linear progression implying an
annual increasc in amount of construction of about 10
percent per year from 1986 to 1989 (figure 2).

Expressed as a percentage of existing (i.c., 1988) R&D
square footage, new construction begun in 1986 or 1987 will
produce the cquivalent of 9 percent of current academic
R&D space, and projects planned for 1988 and 1989 will
contribute another 10 percent. Among public institutions,
those in the non-doctorate-granting category anticipate a
larger relative amount of R&D space from all 1986-89
construction projects (the equivalent of 43 percent of their
existing space) than do doctorate-granting institutions, both
those outside the top 50 (20 percent) and those in the top 50
(17 percent) (table 7). The reverse is the case for private

%This additional research space created through new construction docs
not necessarily represent a net expansion in the total amount of
available research space. In some cases, the new [acilities are intended
to replace, not to supplement, older ones.

institutions, where the non-doctorate-granting institutions
anticipate less construction-generated space (the equivalent
of 13 percent of existing research space) than doctorate-
granting institutions, whether in the top 50 (17 percent) or
not in the top 50 (22 percent). Somewhat surprisingly, in
view of ecarlicr findings that comparatively few private
institutions arc engaged in any recent or planned
construction, there are essentially no differences between
public and private sectors in the relative amount of research
space {0 be produced by new construction in 1986-87 or in
1988-89 at doctcrate-granting institutions (table 7).

As noted carlier, some of the rescarch space being
generated through new construction is intended to replace
existing facilitics and will not produce a net expansion in
total academic R&D space. The only information available
about net change in academic research space comes from a
comparison between the total amount of organized rescar:h
space reported by the top 50 institutions in the current study
and the amount reported 2 years earlier in the 1986 NSF
research facilities study: as noted in Chapter 2, the current

Table 7. Total net assignable square feet (NASF) of R&D space to be
created by recent and planned construction as a percentage
of existing R&D space, by institution type and year of
project start: 1966-89*

Year of construction project start

1966 or
1987
(begun)

1988 or
19689
(planned)

1908 lo
1969
(4 yr. total)

10% 19%
10 19
17

Tolal

BDDDS

12
1"

1
10

9
12
16

- N-N- N

N

10
"
10
12

1

- .
N=NOC

'Hndnmmmnbwqmmmmwtoumueomwma
$100,000 or more for RAD-reiaied space.

Note: Detalis may not sum fo tolais because of rounding.
Reference: Appendix tables 3-2 and 2-1.
Source: National Science Foundation, SRS.




Table 8. Total net assignable square feet (NASF) of R&D space to be
created by recent and planned construction as a percentage
of existing R&D space, by discipline and year of project

start: 1966-89*
Year of construction project siart
Diacipiines 1986 or 1988 or 1989 1986 to 1989
1987 (planned) (4 yr. total)
TOlaL.........oocennnnstnnanase 9% 10% 19%
Engineering................... 15 12 27
Physical sciences.......... 5 1 16
Environmental
sclences.................... ] 7 13
Mathematics.................. 1 5 6
Computer science.......... 17 15 32
Agricultural sciences..... 9 5 13
Biological sciences ....... 7 10 17
10 17 27
4 3 7
6 7 13
14 15 28

*Findings are kmited 10 projects with estimaled total cost at compietion of
$100,000 or more for R&D-related space.

Note: Detalis may not sum to tolais because of rounding.
Reference: Appendix tables 3-4 and 2-2.
Source: National Sclence Foundation, SRS.

amount is 9 percent higher than the amount reported in
1986. If the amount of research space to be produced by
construction projects planned for 1988 and 1989 (ic.,
10 percent of existing space) is viewed as an upper limit on
net expansion, it appears that the net growth in R&D space
in 1988-89 for the top 50 institutions will be no greater than
the (9 percent) growth seen in 1986-87.

Computer science is the discipline with the greatest relative
amount of construction activity in 1986-89, with projects
involving the equivalent of 32 percent of existing research
space. Comparatively large amounts of construction activity
were also found for engineering (27 percent of existing
rescarch space), medical sciences (27 percent), and other
(i.e., interdisciplinary) sciences (28 percent) (table 8).
Comparatively little construction activity was found for
mathematics (where all recent and planned projects
involved the equivalent of 6 percent of current space) and

psychology (7 percent of existing space).

Cost of New R&D Space under Construction

Aggregate costs for the R&D-related components of all new
facilities construction projects begun in 1936 are estimated

Figure 3
R&D-related total cost and cost per square foot of recent and planned
cornstruction projects, by year of project start: 198689+
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Note: "Annualized" estimates for the two yeor period 198889 are one—half the reported totals for this
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Source: National Science Foundation, SRS
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to total $900 million; the estimated cost for construction
projects begun in 1987 is $1.16 billion; and the estimated
cost for projects planned for 1988 and 1989 is $3.4 billion, or
$1.7 billion per year over this period. As found earlier for
estimates of amount of space under construction, these
estimates form a nearly linear progression.  However,
while the amount of space under construction increased
at about 10 percent per year over the period 1986-89, the
estimated cost of that same construction increased at a pace
of 30 percent to 35 percent per year. The reason the rate of
increase in total construction cost is so much higher than
the increase in the amount of space under construction is
that the unit cost of new construction (the cost per square
foot) grew appreciably, from $192 per NASF in 1986 to $288
per NASF in 1988-89 (figure 3). This represents an average
annual increase of about 20 percent per year over the period
1986-89.

Construction cost increases of this magnitude, which are far
above the rate of inflation, suggest that we may be in a
period of changing technical and regulatory requirements
for academic research space, as institutions seck to respond
to requirements for increasingly sophisticated (and costly)
animal quarters, biohazard containment safeguards, toxic

waste disposal facilities, etc. Consistent with this analysis,
fully half (50 percent) of all recent and planned R&D
construction costs in 1986-89 are in two disciplines that are
both heavily impacted by such increased qualitative
requirements for research facilities: the medica! sciences
(which account for 29 percent of all construction costs) and
the biological scicnces (21 percent) (figure 4).

On a per-institution basis, the mean estimated cost of all
R&D-related construction projects begun or planned in
1986-89 is $60.9 million for the top 50 R&D institutions,
$89 million for other doctorate-granting institutions, and
$1.2 million for non-doctoratc-granting institutioas (table
9). Estimated mean construction costs at private
institutions that are among the top 50 R&D performers are
$70.4 million per institution, 2s compared to $55.1 million
for their public sector counterparts. For institutions not
among the top 50, however, average construction costs are
expected to be lower at private than at public institutions.
The difference is especially pronounced amonz non-
doctorate-granting institutions: those in the public sector
plan to spend an average of $1.9 million per institution, as
compared to an average of only $300,000 per institution for
private universities and colleges.

Figure
Distribution by discipline of th% total cost of recent and planned
projects to construct new R&D space: 1986—89=

Percant of total construction cost
20 25 30
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Table 9. Mean cost per institution of projects to construct new R&D
spaoe, by institution type and control and year of project
start: 1986-89*

Your of construction project star
""““'“m ' type 1908 1988 or 198810
108 1900 1000
(hegun) (planned) (4 yr. total)
(doliars in mions)
$3.9 $8.5 $10.4
6.5 113 178
28 374 00.9
29 59 89
0.7 0.5 1.2
43 6.7 109
65 10.8 174
24.5 305 5.1
30 67 9.7
1.0 (Y 19
34 6.2 96
6.5 124 189
25 479 70.4
29 a4 7.3
03 <01 03

*Findings are Imited 10 projecis with estimaled folal cost ai compiletion of
$100,000 or more for R&D-relaled space. Means are based on all institutions
with some assigned R&.D space.

Note: Details may not sum; to tolals because of rounding,
Reference; Appendix tables 3-2 and 2-1.
Source: National Science Foundation, SRS,

Repair/Renovation of Research Facilities, 1986-89
Extent of Repair/Renovation Activity

Sixty percent of all institutions in the study universe plan at
least onc  major project of $100,000 or more to repair or
renovate'? research facilities over the 4-year period 1986-89
(table 10). This is very similar to the 59 percent figure
noted earlier (table 5) with respect to facilities construction
activity. The pattern of overall differences between types of
institutions in repair/renovation activity is also very similar
to the pattern for construction activity. For example, there
is more frequent activity at doctorate-granting institutions
than at non-doctorate-granting universitics and colleges;

10R cpair/renovation includes the repair of deteriorated condition, capital
improvements, upgrading, conversion, etc. Total project costs include
planning, construction, and fixed equipment for the building and
associated infrastructure.

and more repair /renovation activity at public than at private
institutions of the same type.

Differences among disciplines with respect to frequency of
repair/renovation projects also are generally similar in kind,
although somewhat smaller in degree, in comparison to
those seen ecarlier regarding frequency of new construction
(compare table 11 and table 6). Thus, while discipline
differences in new construction ranged from 4 percent to 60
percent of institutions with research programs in the
discipline, the differences in extent of repair/renovation
ranged more narrowly, from 10 percent to 53 percent.

The major difference between the two patterns is that, while
the number of institutions involved in facilitics construction
projects increased steadily from 1986 to 1987 to 1988-89, the
number involved in repair/renovation projects declined
from 289 (55 percent) in 1986-87 combined to 230 (44
percent) in 1988-89 combined (table 10 and Appendix table

3.5).

Table 10.  Percent of institutions performing major repair/rencvation
of science and engineering R&D faciiities. by institution
type and control and year. 1966-89*

Year of construction project start

m 1908 or 1988 or 1908 1o

1967 1960 1960
(begun) (pianned) (4 yr. total)

55% “% 00%
7 8 81
96 08 100
73 50 7
Non-dociorate-granting... 28 16 22
PUBHC...rerersesensersmsnssstn 66 51 70
............. se 68 88
1110p 50 ) R&D. ..rccvr o4 97 100
OMOF e reer s 85 63 7
Non-doclorate-granting...... % 2 a
PYVBO.....coreereeeesmmmins 38 32 a
............. 00 59 68
i top 50 n R&D.d........... 100 100 100
T 51 50 81
Non-docioraie-granting...... 17 5 18

*Findings are Nmited 10 projects with estimated total cost at completion of
$100,000 or more for R&D-reiated space.

Reference: Appendix tables 3-5 and 2-1.
Source. National Science Foundation, SRS.
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Table 11.  Peroent of Institutions performing major repair/renovation
of existing R&D space, by discipiine and year: 1986-89*
Year of repair/renovetion
Discipiines 19080r | 1988 0r 1989 1966 10 1969
1987 (planned) (4 yr. totai)
(-, T 55% “% 0%
Engineering................... 41 33 53
Physical sciences.......... *2 2 32
EmiGimes
IONCES..........on0ninieee 14 10 18
Mathematics.................. 8 4 10
Computer sclence......... " 7 16
Agricultural sciences.... 34 27 47
Biological sciences ....... 0 24 7
Medical sciences.......... LT 30 »
J— ] 5 12
8 4 1"
18 15 28

*Findings are lmiled 10 projects with estimalec’ fotal cost at compietion of
$100,000 or more for RAD-reialed space. The base uf the percentage is the
estimated number of institutions with any R&D space in the discipline in 1968.

Reference: Appendix tables 3-7 and 2-2.
Source: National Sclence Foundation, SRS.

This decline in the number of institutions planning major
facilities repair/renovation projects may reflect some
inherent problems in projections of short-term future need
for such projects. Thus, while construction projects are
usually planned far in advance, the need for repair/
renovation projects may sometimes arise suddenly and
unpredictably. In reporting their plans for 1988-89, some
institutions may have underestimated the likelihood that
they will need at least one major repair/renovation project
during this period. There may also be some cascs where
construction activity aimed at replacing obsolete research
facilities is expected to produce significant reductions in
future repair/renovation costs.

Amount of Existing R&D Space Under
Repair/Renovation

An estimated 6.6 million NASF of rescarch space was
repaired/renovated in 1986, and an estimated 7.1 million
NASF was repaircd/renovated in 1987. These figures are
both somewhat higher than the amounts of new research
space constructed during the same 2 years (4.7 million and
52 million NASF, respectively). For the period 1988-89, the
average annual amount of planned repair/renovation
dropped to 4.8 million NASF, while the amount of planned
new construction increased to 11.8 million NASF. As

suggested above, this disparity could be essentially a
reporting problem (institutions systematically underesti-
mating future nceds for repair/renovation but not their
short-term plans for new construction), or it might reflect a
real shift away from repair/renovation and toward new
construction among institutions needing to expand or
upgrade their research facilities.!! To some extent, the
decline in the squarc feet involved in repair/renovation
projects is a function of greater unit cost as well as the
decline in total repair/renovation cost.

Differences among institution types in the extent of recent
and planned repair/renovation are considerably less pro-
nounced, and are also less consistent over time, than the

Table 12. Percent of existing R&D space undergoing major
repair/renovation, by institution type and control and year:

1986-89*
Year of construction project start
institution type
and control 1968 or 1988 or 1906 fo
1987 1960 1000
(begun) (pianned) (4 yr. totel)
12% % 21%
12 9 21
10 [] 10
14 8 2
13 4 17
11 8 19
10 8 19
7 7 14
14 9 2
14 5 20
16 10 26
16 10 14
17 12 30
15 7 2

-
[-]
-
-
-

*Fndings are imited 10 projecis with estimated tolal cost at compietion of
$100,000 or move for R&D-reiated space.

Note: Detalis may not sum 1o fotals because of rounding.
Reference: Appendix lables 3-8 and 2-1.
Source: National Science Foundation, SRS.

Mrne next cycle of the NSF msearch facilities study will provide
information about the amounts of new construction and repair/
renovation that actually occur during the 1988-89 period and will make
it possible to determine which of these two possibilities is correct.
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differences noted earlier regarding new construction (table
12).

Differences among disciplines in extent of recent and
planned repair/renovation are both more pronounced and
more consistent over time than the differences among
institution types (table 13). Onc interesting finding is that
the two disciplines with the greatest dollar amount of new
construction in 1986-89 also anticipate repair/renovation of
comparatively large percentages of their existing research
space over the same period (30 percent of existing medical
sciences research space, and 26 percent of existing space in
the biological sciences).

Cost of Repair/Renovation of Existing Research
Space

Estimated total annual coste of major projects to
repair/renovate academic R&D space declined somewhat
from 1986-87 to 1988-89. The change was comparatively
modest, however, since a decline in the anticipated total
square footage of space to undergo repair or renovation was

Table 13. Pcrcent of existing R&D space undergoing major
repair/rencovation, by discipline and year: 1986-89*

Year of repalr/renovation
Disciplines 1986 or 1968 or 1960 1936 lo 1960
1087 {planned) (4 yr. total)
TOM.......connccrnenenasancesses 12% % 21%
ENginesning.........c......... 17 9 26
Physical sclences.......... 1 9 20
Environryental
BCIONCES..........oecouenee [} 7 13
Mathemeics.................. 5 5 10
Computer science.......... 13 [} 19
Agricultural sciences..... 4 3 6
Biclogical SCiences........ 16 1 26
Medical sciences........... 17 13 0
POYCROIOQY.........cco000nnnte [ 3 12
Social sciences............. 5 3 8
Other sciences, n.e.C.. 1" 8 19

*Findings are imiled 10 projects with estimaled folat cost at compietion of
$100,000 or more for R&AD-relaled space.

Nole: Details maly not surm 10 iotals because of rounding.
Reference: Appendix tables 3-8 and 2-3.
Source. National Science Foundalon, SRS.

Figure 5
Estimated total square footage, cost, and cost per square foot of
projects for repair/renovation of R&D space, by year: 1986—89+
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accompanied by a partly offsetting increase in the average
expected repair/renovation cost per square foot (figure 5).

Institution-level comparisons on total cost in 1986-89 of
research facility repair/renovation again reveal greater
differentiation among types of private institutions than
among the same categories of public institutions. Thus,
private institutions that arc among the top 50 R&D
performers spent much more for facility repair and
renovation ($28.9 million per institution) than their public
institution counterparts ($10.8 million per institution), while
the reverse was true in comparing private non-doctorate-
granting institutions ($107,000 per institution) to their
public sector counterparts ($550,000 per institution) (table
14).

Anticipated  repair/renovation spending is  heavily
concentrated in four disciplines that together account for 84
percent of the total over the period 1986-89: the medical
(30 percent), biological (24 percent), and physical
(14 percent) sciences, and engincering (16 percent)
(figure 6). Differences among disciplines in expenditures
for repair/renovation of research facilities are very similar
to the differences shown earlier in the omparative amounts
of existing research space in the various disciplines (sec
table 4). The only substantial disparity is for the
agricultural sciences, which have 16 percent of all reported
research space, but which account for only 3 percent of all
reported repair/renovation spending.

Table 14.  Mean cost per institution for repair/renovation of existing

R&D space, by institution type and control and year:
1986-39*

Year of repar/renovation

1906 or 1988 or
1987 1989
(begun)

1,612

3,214
13,211 28,947
852 2,333
19 107

*Findings are Imited o projects with estimated total cost at compietion of
$100,000 or more for RAD-related space.

Note: Delalis may not sum to iotals because of rounding.
Reference: Appendix tables 3-8 and 2-1.
Source: National Science Foundation, SRS.
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4. SOURCES OF FUNDS FOR RESEARCH FACILITIES PROJECTS

HIGHLIGHTS

s Funds for new facilitics construction come primarily
from threc sources: State/local governments, private
sources, and tax-exempt bonds. Major sources of
funding for repair/renovation include institutional
funds, State/local governments, and tax-exempt bonds.
The proportion of Federal support for construction is
about 7 percent and the Federal shars of repair/
renovation is 3 percent to 5 percent.

= Public institutions securc a greater proportion of funds
from State/local governments, whereas private schools
rely more on private sources and tax-exempt bonds. .

s Tax-exempt bonds are the principal means of debt
financing used for construction and repair/renovation.
The debt financing of all reported projects (1986
through 1989) totals approximately $1.4 billion, about 20
percent of the total costs of all reported projects.

= One-tenth of private institutions bave reached the
legislative cap of $150 million on tax-exempt bonds.
Another 4 percent anticipate reaching the cap in the next
2 years. Among the 19 private institutions in the top 50,
11 have reached the cap, and 3 more expect to do so
within 2 years.

s Of the 15 private medical schools among the top 50
R&D institutions, 11 have reached the bond limit, and 2
expect to within the next 2 years.

Institutions use a variety of sources and mechanisms for the
funding of facilities projects.? The discussion in this
chapter includes various funding sources (e.g., Federal,
State/local, private, institutional), as well as the use of debt
financing (tax-cxempt bonds and other debt). The reader
should bear in mind that debt financing is a scparate
mechanism which results in obligations that must be repaid
by the institutions.

l"nm report includes data on the direct costs of construction and
repair/renovation and the sources of funds for these direct costs. No
attempt was made to quantify the future indirect cost pressures
resulting from current or planned projects reported in this survey.

Sources of Funds for Recent Research Facilities
Projects

New Construction: 1986 and 1987

The costs of new construction in 1986 and 1987, about $2.1
billion, were funded from a number of sources (figure 7 and
table 15). The largest source was State/local governments,
which provided 38 percent of the funds for these projects,
about $783 million. Private sources provided the next
largest proportion of funds, 24 percent ($487 million).
Institutional funds were used for 14 percent of the
construction costs. About 15 percent of the costs were
secured from debt financing, of which $317 million was
acquired through the issue of tax-exempt bonds, and $3
million came from other forms of debt financing (c.g.,
loans). The Federal Government provided 7 percent (about
$148 million) of the funds for new construction of research
facilitics.” This finding is consistent with the NSP’s 1986
research facilities study in which Federal support for new
construction was expected to be about 6 percent during the
period from 1987-1991.

Flgure 7
Sources of funds for construction of science/engineering
research facliities: 1988 and 1987

4 Institutional

08 OSpmm

Other sources

$2.1 billion

Note: Percents may not sum 10 100 because of rounding
Reference: Appendix table 4-1
Source: National Science Foundation, SRS

Public institutions secured a higher proportion of funds
from Statc/local governments, and private institutions

3 Ihis figure refers to direct funding of facilities projects through grants
or direct appropriations. Indirect costs recovered by an institution are
usually considered institutional funds, and represent a portion of the
institutional funds used for facilities construction and
repair,/renovation.
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Table 15.  Amount of funding for construction and repair/rencvation projects on sclence/engineering recearch facilities started in 1988 and
1987, by institutional control

Construction Repair/renovatior
Saurces
Tolal Public Privale Total Public Privale
(doNars in millions)

Yotal. $2,062.8 $1,3642 $068.7 $862.9 $438.8 $424.1
Federal Government...................ccceeee.n. 147.7 41.0 108.7 278 13.2 14.4
Sinle/local government......................... 782.9 757.8 251 2346 2219 8.7
PYNVBED.........c....ocnnncninnniennacsinas sensnanns 487.4 259.9 2278 105.9 15.0 20.9
NMIONSl funds.....................ocneenneen 201.3 110.1 181.2 330.5 156.3 174.2
Debt financing

Tax-enempt donds.......................c.... 3173 192.8 1245 152.6 25.8 126.8

Other dedt. 32 24 0.7 4.1 0.3 37
Other sources. 33.1 0.2 33.0 7.7 0.2 75

Nole: Detalis may not sum exactly to iotals because of rounding.
Reference: Appendix Tabies 4-2 and 4-4.
Source: National Science Foundation, SRS.

obtained a higher proportion of funds from private sources,
similar to the findings of the 1986 NSF survey of academic
research facilities. Public institutions expended $758 million
in State/local government funds for new construction
projects in 1986 and 1987. This represented a 97 percent
share of the total $783 million in State/local funds for new
construction, and these funds accounted for 56 percent of
construction costs at public universities and colleges.

Private schools reccived slightly less than one-half of the
private funds for facilities construction ($228 million out of
$487 million) in 1986 and 1987, representing 33 percent of
their new conmstruction costs. Institutional funds
represented a larger proportion of the construction costs at
private schools (26 percent versus 8 percent).

Federal sources represented a larger share of the
construction funds at private institutions (15 percent
compared to 3 percent for public institutions), and the
dollar value was larger as well -- $107 million compared to
$41 million in Federal funds at public universities and
colleges. While private institutions reported a
proportionally simila- reliance on tax-exempt bonds for new
construction compared to public institutions (17 percent and
14 percent, respectively), the dollar amount was
considerably higher at public institutions ($193 million
compared to $125 million) because of public schools’ higher
level of construction activity.

Top S0 R&D institutions and those below the top 50
reccived similar amounts of Federal funds (about
$74 million for each group), and these funds represented
similar propertions of their total costs (6 percent and
8 percent, respectively). Top 50 institutions incurred more

Q

debt from tax-exempt bonds ($189 million versus $128
million), and used less other debt financing ($1 million
versus $2 million) compared to other institutions, although
the proportions represented by the bonds were similar, 16
percent and 15 percent, respectivelv (Appendix tables 4-1
and 4-2). The top 50 schools were similar to doctorate-
granting institutions below the top 50 in the proportion of
construction funds received from the various sources (table
16).

Sit= visits conducted for this study included a great deal of
discussion about the funding of facilities projects. Some
institutions indicated that the funding mix may change over
time, particularly for new construction projects, even after
the completion of a new building. For example, the
original proposed sources of support for a project may not
include tax-exempt bonds. Should the bond market become

Table 16.  Sources of funds for construction and repair/renovalion of
research facilties among doctorate-granting institutions: 19566
and 1987
Construction Repair/renovation
Funding sources Top 50 Below Top 50 | Below
InR&D | top 50 In R&D | top 50
Federal Govemment ..................... 8% 3% 3%
Siate/local government ... 39 1 3
Private 2 18 7
institutional funds.............. 17 as 42
Debt financing
Tax-exempt bonds......... 13 28 7
Other den...................... <1 1 <1
Other S0Urces............ccoovvenennnees <1 2 <1

Note: Percents not sum to 100 because of rounding.

]
Source: National ® Foundation, SRS.
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favorable during or after construction, however, the cost of
the building may be partially refinanced through the issue of
bonds. Alternatively, should the institution receive a gift,
this money could be used to retire all or part of the debt
resulting from a construction project. While institutions
were asked to report the pla.ned sources for the permanent
financing!* of the projects, it should be recognizcd that
existing financial management practices do sometimes
result in the adjustment of the funding mix.

Repair/Renovation: 1986 and 1987

Expenditures for the repair/renovation of research facilities
totalled $853 million in 1986 and 1987. The largest source
was institutional funds (38 percent), followed by State/local
governments (27 percent) (figure 8). The Federal Govern-
ment funded 3 percent of the costs of repair/renovation,
about $28 million; this is somewhat lower than the 6 percent
to 8 percent share of similar projects anticipated by
respondents to NSF's 1986 survey on research facilities.
Eighteen percent of the funds ($153 million) came from tax-
exempt bond issues, and $4 million came from other debt,
resulting in an estimated debt for the institutions of $157
million for the reported projects (table 15).

Figure 8
Sources of funds for repair/renovetion of
sclence/ougineering research feciiities: 1988 and 1987

Fedaral
State/local
Private
Institutional

Tax-exempt
bonds
Other debt

Other sources

08 ONZdEn

Note: Percents may not sum o 100 because of rounding
Reference: Appendix table 4-3
Source: National Science Foundation, SRS

“Pemnnent financing refers to the planned means of financing the cost
of a building over time. This excludes short-term arrangements (c.g, a
3-year construction loan) which allow the building process to go forward
but are replaced by a more permanent funding mix within & relatively
short period of time.

Public institutions obtained 52 percent of funds from
State/local governments ($228 million), while private
institutions obtained 41 percent of their funds ($91 million)
from private sources. Private institutions also secured a far
greater proportion (30 percent) from tax-exempt bonds than
did public schools (6 percent). Of the total $157 million in
debt financing for repair/renovation in 1986 and 1987, $130
million was incurred by private institutions.

Top 50 institutions differed from other doctorate-granting
institutions in the funding mix for repair and renovation in
1986 and 1987 (table 16). While doctorate-granting schools
below the top 50 received a much larger proportion of
repair/renovation funds from State/local governments
(41 percent compared to 11 percent), the top 50 schools
relied more on private sources (18 percent compared to
7 percent), and financed a greater portion of the costs
through tax-exempt bonds (28 percent versus 7 percent).

Sources of Funds for Planned Research Facilities
Projects

New Construction: 1988 and 1989

The distribution of funding sources for planned new
cnnstruction is similar to that observed for 1986 and 1987
projects. The Federal Government is expected to provide
$222 million, representing 7 percent of new construction
costs for these research facilities (figure 9 and table 17). As
noted carlier, this proportion is similar to the level of
Federal support projected for the period 1987-1991 in the
1986 NSF survey on research facilities at doctorate-granting
institutions (6 percent). The largest single source is
State/local government funding (34 percent or $1.2 billion),
followed by private sources (23 percent or $774 million).
Tax-exempt bonds are expected to provide funds to finance
19 perceut of the total costs, and 5 percent will be financed
with other debt. The resulting institutional debt is expected
to be approximately $825 million for planned construction
projects in the 2-year period.

The differences in funding mix between public and private
institutions noted ip previous discussions are also observed
for planned sources of funding for new construction. That
is, State/local government funds are expected to be the
major source of support for public institutions (52 percent
or $1.1 billion), and private institutions will rely more on
private funds (44 percent or $563 million). While private
institutions will rely on tax-exempt bonds for a greater
proportion of their conmstruction funds (27 percent

«d
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Table 17.  Amount of funding for construction and repair/rencovation projects on science/engineering research facilities planned for 1968 and

1969, by institutional control

Construction Repair/renovation
Sources
Tota Public Private Tolal Public Privale
(doliars in mitions)

Total, $3.,398.7 $2,108.5 $1.2682.2 $7770 $444.5 $332.5
Federal Government ...................cccoueens 222 190.2 32.0 408 10.5 30.3
Stale/local government......................... 1.152.2 1.105.4 468 2459 230.9 6.1
Privale. T74.4 211.1 563.4 004 6.6 628
netilutional funds.....................cccoe....... 380.9 2485 1414 301.0 150.8 150.2
Debl financing

Tax-0xompt DONGS ..............cocemnrenenee 062.4 3225 330.9 882 22 64.0

Other riebt. 163.0 14.8 148.2 178 133 43
Other sources. Mus 240 10.5 160 13 148

Note: Detalis may not sum fo lolals because of rounding.
Reference: Appendix tables 4-8 and 4-8.
Source: National Sclence Foundation, SRS.

Figure 9
Sources of funds for construction of
science/engineering research facilities: 1988 end 1989

Federal
State/local
Private
Institutional
Tax-exempt
bonds
Other debt

Other sources
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Note: Percents may not sum o 100 because of rounding
Raference: Appendix table 4-5
Source: National Science Foundation, SRS

compared to 15 percent), the dollar amounts for public
and private institutions are fairly similar ($340 million at
private institutions and $323 at public institutions). The 27
percent of construction costs to be financed with tax-exempt
bonds at private institutions, however, represents a
substantial increase over the 17 percent reported for
projects started in 1986 and 1987.

The planned sources of funding for top 50 schools are
somewhat different from other doctorate-granting
institutions (table 18). While top 50 institutions will rely
somewhat more on private sources and tax-exempt bonds,
doctorate-granting schools below the top 50 will receive a

larger share of their funds from State/local governments,
and more from Federal sources (11 percent versus 3
percent). Similar differences were found between top 50
schools and all iastitutions below the top 50 (Appendix
tables 4-5 and 4-6).

Repair/Renovation: 1988 and 1989

The distribution of funding sources for 1988 and 1989
repair/renovation is similar to that reported for 1986 and
1987 (figure 10 and table 17). The major sources of funds
for planned repair/renovation of research facilities are
institutional funds (39 percewnt) and State/local government
funds (32 percent). Federal sources are expected to
provide 5 percent of the costs (about $41 million). A

Table 18.  Sources of funds for construction and repair/renovation of
ressarch facilties among doctorate-granting instiiutions: 1968
and 1989

Construction Repair/renovation
Funding sources Top 50 Below | Top50 | Below
NR&D | topS0 | N RAD | top 50
% 11% % 4%
29 k] 20 43
26 20 13 3
1" 12 k) M
24 15 14 8
8 4 4 <1
0 2 3 1

Note: Percents may not sum 1o 100 because of rounding.
Source: National Sclence Foundation, SRS.
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Figure 10
Sources of funde for repair/renovation ot
sclence/enginesring research facliities: 1988 and 1989

Federal
State/local

Private
Institutional
Tax-exempt

Other debt
Other sources

relatively small proportion is expected to come from private
support (9 percent). Tax-exempt bonds will be used to
finance 11 percent of the repair/renovation costs
($86 million), and other debt (e.g., loans) will be used to
finance 2 percent ($18 million), resulting in institutional
debt of about $104 million ior the 2-year period.

As was obscrved in the previous sections, public and private
institutions differ in the expect sources of funds for
repair/renovation, with public universities anticipating more
State/local government support (54 percent compared to
2 percent). Private institutions expect more from private
sources (19 percent compared to 1 percent) and tax-exempt
bonds (19 percent compared to 5 percent). The proportion
to be financed by bonds at private institutions, however, is
substantially lower than the 30 percent reported for projects
started in 1986 and 1987. Private institutions will rely more
on institutional funds than public universities and colleges
for repair/renovation costs (45 percent versus 34 percent).

As described in previous sections, top 50 institutions differ
from other doctorate-granting institutions (table 18). The
top 50 schools plan to secure more funds from private
sources than others (13 percent versus 3 percent). They
also will finance a somewhat larger portion of their costs
through tax-exempt bonds (14 percent versus 8 percent),
resulting in a larger debt ($63 million) for top 50 schools.
" Doctorate-granting schools below the top 50 will receive a
larger share of funds from State/local governments (43
percent compared to 20 percent). Similar differences were
found between top 50 schools and all institutions below the
top 50 (Appendix tables 4-7 and 4-8).

Combining the data reported in previous sections, the total
institutional debt incurred from projects reported in this
survey is approximately $1.4 billion, if all projects are
completed and funded as anticipated. About $812 million of
this debt has beem, or will be, incurred at private
institutions; about $953 million has been, or will be,
incurred by top 50 research universities.

Private Institutions and the Limit on Tax-exempt
Bonds

Tax-exempt bonds are a major source of funding for capital
projects at private universities and colleges. They were used
to fund 17 percent of construction costs at private
institutions (about $125 million) in 1986 and 1987, and are
expected to finance 27 percent of construction costs (about
$340 million) in 1988 and 1989. In addition, tax-cxempt
bonds were used to finance 30 percent ($127 million) of
repair /renovation costs in 1986 and 1987, and will fund
19 percent ($634 million) in 1988 and 1989, according to
institutional plans. The use of bonds by private institutions,
then, will increase by about 60 percent, from $252 million in
1986 and 1987 to $404 million in 1988 and 1989, if planned
projects arc completed and funded as anticipated. These
projects represent a total dollar value of tax-exempt bonds
of about $656 million at private institutions for the projects
reported in this survey.

Recent tax reform legislation placed a per-institution limit
on outstanding tax-exempt bonds of $150 million for private
universities and colleges. At the time this survey was
conducted, 10 percent of private, rescarch-performing
institutions had reached the $150 million cap, and another 4
percent expect to do 5o within the next 2 years (figure 11).
All of those which have reached the cap are doctorate-
granting universitics. Twenty percent of the private
doctorate-granting universities have reached the limit and
an additional 8 percent anticivate doing so in the next 2

years.

The proportion which have already reached the limit on
bonds is much higher among the 19 private universities that
are in the top 50 in R&D; 11 schools have reached the cap
and another 3 anticipate doing so in the next 2 years.

The status of medical schools relative to the cap on tax-
exempt bonds is somewhat worse than at the institutions as
a whole, since they are all located at doctorate-granting
institutions, and several are at top 50 schools. Twenty-seven
percent of medical schools are located at institutions which
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have reached the $150 million limit, and an additional 10
percent are located at institutions that anticipate reaching
the cap within the next 2 years (Appendix table 4-10).
Eleven of the 15 private medical schools at top 50 R&D
institutions reported that their institutions have reached the
limit on these bonds, and 2 more anticipate doing so in the

next 2 years.
Figure 11
Status of private institutions relative to $150 million
imit on {ox—exempt bonds: 1988
; D t
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5. CONDITION AND ADEQUACY OF RESEARCH FACILITIES

HIGHLIGHTS

» The condition of rescarch facilities at universities
and colleges is varied. Twenty-four percent of the
science and engineering research space is suitable
for use in the most scientifically sophisticated
research in its field. Another 37 percent is cffective
for most purposes. However, 39 percent is in need
of limited (23 percent) or major (16 percent) repair
or renovation to be used effectively.

= Regarding the amount of research space, the modal
response for most disciplines was “"generally
adequate.” The amount of space was most often
rated as "adcquatc® in mathematics (21 percent),
and most often rated “inadequate” in cngineering
and biological sciences in medical schools
(51 percent each).

n Infrs icture support was most frequently rated as
‘ge. - ally adequate” The aspect most likely to be
rated "adequate” in a majority of disciplines was
power systems (24 percent to 36 percent in most
ficlds). Least likely to be rated "adequate” were air
decontamination (11 percent to 18 percent in most
ficlds) and data communications (12 percent to 19
percent in most ficlds).

s A comparison between needed and planned repair/
renovation indicates that universities and colleges
are deferring $3.60 in needed work for every $1.00
of repair/renovation. The ratio of deferred new
construction to planned new construction is about
$2.50 to $1.00.

This chapter discusses the survey’s findings concerning the
physical condition of research facilities 1 the sciences and
engineeri~g (S/E) and the functional adequacy of selected
aspects of the facilities.!® Discussions with the institutions
indicated that, for thc most part, deans and department
chairs reported on the condition and adequacy of facilities.
However, a small number of institutions indicated that they
have detailed condition informatiun on a central data base,
and that the facilities officc was able to respond to these
items on the bas - »f those data.

The first section of this chapter provides an overview of the
condition of facilities, followed by a discussion of differences

Lhe definitions of condition and adequacy are provided in the text of
this chapter (condition on this page, and adequacy on page 28), and in
the questionnaire (Appendix D).

between S/E disciplines and institutioual types. The
adequacy of the amount of research space available to the
institutions is presented next. Data are then analyzed on
the adequacy of selected aspects of facilitics. Consistent
themes that emerged in responses to the open-ended survey
item on facilities needs and information obtained during site
visits at 30 institutions are included to illuminate the

findings.'®

Condition of Research Facilities

Institutions were asked to report the proportion of their
science and engineering rescarch space that falls into cach

of the following four categories:

A - Suitable for the most highly developed and
scientifically sophisticated resecarch in the
discipline;

B - Effective for most purposes, but not applicable to
category A;

C- Effective for some purposes but in need of

limited repair or renovation; and

D - Reguiring major repair of renovaiion 10 be used
effectively.

By summing and weighting the amount of space in each
discipline which is reported for cach of these four
categories, the proportion of the total research space
nationally that is in cach of these statuses is derived.
Twenty-four percent of the S/E space is suitable for use in
the most highly developed and scientifically sophisticated
research in its field. Another 37 percent of the space is
suitable for most research purposes, but not for the most
highly developed and scientifically sophisticated rescarch.
Thirty-nine percent of the space is in need of some repair or
renovation to be used effectively; 23 percent requires
limited repair or renovation, and 16 percent requircs major
repair or renovation (Appendix table 5-1).

Individuals may differ in their opinions about the amount of
space that should be suitable for the most scientifically
sophisticated rescarch. It does not scem cost-cffective that
all rescarch facilities should be applicable to this category.

16n0t all institutions provided a narrative description in response to the
open-ended item on the survey. Among those who did respond to the
item, the answers varied considerably in length and content. This
report discusses the common themes found in the responses.
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Not all rescarch is the most scientifically sophisticated in its
field, nor requires such facilities. However, most would
agree that it is undesirable to have a substantial proportion
of the available space in need of repair or renovation to be
used effectively.

Specific Science and Engineering Disciplines

With few exceptions, the various S/E disciplines are
relatively similar in terms of the condition of their facilities
(figure 12). While roughly 60 percent to 70 percent of the
spacc in most disciplines was rated cither as being suitable
for the most highly developed and scientifically
sovhisticated research in its field or cffective for most
purvses, from about 30 percent to 40 percent in most fields
was rated as being in need of either limited or major repair
or renovation to be used effectively. Specifically, from
16 percent to 32 percent of the research space in S/E
disciplines was reported as suitable for the most highly
developed and scientifically sophisticated research in the
discipline. Another 32 percent to 48 percent was designated
as being cffective for most purposes, although not for the
most highly developcd and scientifically sophisticated

rescarch. A range of 16 percent to 27 percent of the
rescarch space was reported to be in need of limited repair
or renovation for effective use, and, with the ¢ .ption of
mathematics, 11 percent to 20 percent required major
repair or renovation to be used effectively.

The discipline with the the greatest proportion of space in
need of repair or renovation to be used effectively was
agricultural sciences, with 20 percent needing limited repair
or renovation and 26 percent needing major repair or
renovation. Forty-onc percent of the space in
cnvironmental sciences was reported to be in need of repair
or renovation to be used effectively, but little renovation
activity was reported for this field -- this is consistent with
the findings of NSF’s 1986 facilities survey.

In only one ficld, mathematics, was less than one third of
the space reported as nceding repair or renovation to be
used cffectively. Mathematics (74 percent) had the most
space rated as cither suitable for the most highly developed
and scientifically sophisticated research or effective for most
purposes; as noted in Chapter 3, almost no facilitics work is
planned in this ficld. In all other ficlds except agricultural

Figure 12
The condition of science/engineering research space, by discipline: 1988
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sciences, from 59 to 67 percent of the space was rated in
one of these two categories.

In engineering, 26 percent of the research spece was rated
as suitable for the most highly developed and scientifically
sophisticated research, and 37 percent was rated as effective
for most purposes. Thirty-seven percent of the space in
engineering was reported as requiring repair or renovation
- 23 percent limited, and 14 percent major repair or
renovation. Similar proportions for cach category were
reported for physical and medical sciences.

Differences by Type of Institution

Academic officials at doctorate-granting institutions
reported more of their rescarch space as being suitable for
the most scientifically sophisticated rescarch (24 percent)
than did those at non-doctorate-granting institutions (15
percent). The reverse is true for the proportion of space
rated as cffective for most purposes; non-doctorate-granting
mstxtutlonsreportedahlghershreofthenrspacemthns
category than did doctorate-granting universitics. The two
groups, however, were similar in the proportion of space
rated as needing limited or major repair or renovation
(table 19). Public and private institutions reported similar
shares of space in all categorics, as did the top S0 R&D
schools and those ranked below the top 50 (Appendix tables
5-2 through 5-5).

Table 19. The condition of academic research space: 1988

Highest degree granted
Condition
Doclorate- Non-doctorate-
granting granting
(percent of research space)
Sultable for most highly
developed and scian-
tifically sophietice..
[~ | T, 24% 15%
Eflective for most
[T — 36 50
Requiring Nmited
topair or renovation............ 2 24
Requiring major
repalr or renovadion............ 16 1

Nole: Perosnts may not susm 10 100 because of rounding.
Reference: Appendix tables 5-2 through §-5.
Source: National Science Foundation, SRS.

In specific S/E fields, academic officials at doctorate-
granting universities rated a higher proportion of space in
most ficlds as suitable for the most highly developed and
scientifically sophisticated research in its field than those at
non-doctorate-granting schools (Appendix table 5-2). The
exceptions are agricultural sciences and “other sciences,” in
which more of the space was rated in this category by acz-
doctorate-granting schools.

At public institutions, a greater proportion of computer
science facilities were rated as suitable for the most highly
develo +d and scientifically sophisticated rescarch than at
private colleges and universities. However, at private
institutions, more of the facilities in physical, environmental,
agricultural, and "other” sciences were rated in this category.
Other ficlds were roughly similar at public and private
institutions.

A greater proportion of agricultural sciences facilities at the
top 50 institutions were rated as suitable for the most
scientifically sophisticated research, but in most other ficlds
the shares of space rated in th's category were similar to
other institutions. Schools below the top 50 rated more
space in this category than did the top 50 schools in only
three disciplines, engineering, environmental sciences, and
computer science.

Doctorate-granting  universities  reported  greater
proportions of physical and agricultural sciences space in
need of major repair or renovation to be used cffectively;
non-doctr-ate-granting institutions reported a greater
proportion of "oiher sciences” spacc in this category
(Appendix table 5-5). Public institutions reported a greater
proporuon of environmental sciences and medical sciences
spacc in medical schools as requmng major repair or
renovation, while pnvate institutions reported a higher
proportion of computer science space in *his category. The
top 50 institutions indicated a greater proportion of space in
physical, computer, and medical sciences and psychology as
requiring major repair renovation than did those below the
top 50.

While the need for normal maintenance and repair of
facilities is expected, many institutions indicated that they
have backlogs of deferred repair and renovation; this was
frequently mentioned during site visits, and was one of the
most commonly discussed themes in the open-ended
responses to the survey. Doctorate-granting institutions
were more likely than others to comment that they had
difficulty in obtaining funds for neecded repair and
renovation, resulting in backlogs of projects. The amounts
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of the backlogs vary from institution to institution, and many
do not keep ongoing records of maintenance or repair
projects that have been deferred. Some institutions
reported during site visitsy however, that their total
(rescarch and nonresearch) deferred maintenance backlogs
add up to millions of dollars of necessary repairs and
renovations. This finding is consistent with the report of a
recent survey conducted by the Society for College and
University Planners. The results of their survey indicate
that, while almost all of the surveyed institutions planned
rehabilitation and/e: new censtruction within the following
S-year period, the projects would only cover deferred
maintenance and the institutions’ current educational
programs. Adequate funding was considered to be a major

challenge by the respondents, especially for rehabilitation. !’

The responses to the open-ended item on the survey
provide some insight into factors affecting the condition of
rescarch facilities. The aging of buildings and the need for
suitable facilitics to support research appear to be very
important factors. These were mentioned by a large
number of institutions, usually in the context of deferred
maintenance. Typical of the comments on this topic are:

»  The age and size of our physical plant. coupled with
rapid changes in science and technology, will require
continuing replacement and upgrading of our
research facilities (across disciplines) over time.
(Private, doctorate-granting university)

= Remodeling of obsolete facilities...has been the
highest campus capital budget priority for more than
12 years, bu state capital funding prionities...have
consistently evaded this need. (Public, doctorsie-
granting university)

s Our objectives are fo fully modemize our oldest
research buildings, which are now 15-20 years old.
(Private, doctorate-granting university)

n Along with other research universities [we] must
cope with the rapid rate of obsolescence of our
research facilities as the requirements for
sophisticated environments continue to drive our
renovation program. (Private, doctorate-granting
university)

Health and safety concerns, and the need to comply with
Federal and State regulations, are also of concern to a large

The State of College and University Facilities. Society for College and
University Planning and David Helpern, PC, 1987.
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number of institutions. This concern was frequently
mentioned during the study’s site visits and was also
discussed in several survey responses. Federal regulations
were most often mentioned in connection with animal
quarters, and some institutions cited the high cost of
constructing such facilitics. Some examples of institutional
comments are:

s The implementation of new experimental equipment
and procedures demands the added expense of
ensuring a high level of safety. The safety hazards
Jound in older facilities require extensive funding in
order to maintain high safety standards. (Public,
doctorate-granting university)

» ..inadequate, unsafe, and inappropriately located
research spaces within patient care areas is one of the
most serious problems facing [university medical
center].... Deficient space is compromising the safe
and efficient conduct of presently funded research
projects as well as seriously hindering the recruitment
of needed research and teaching faculty. (Public,
doctorate-granting university medical center)

» I suppose the most intractable problem is space for
animal research. We have a long and tortured
history with the problem which I will not belabor.
Let me just say that changing Federal regulations,
competition for virtually nonexistent space, and an
apparently low priority for behavioral laboratories...
make solutions very difficult even without the basic
cost issues. (Private, doctorate-granting institution)

Adequacy of the Current Amount of Research Space

Institutions were asked to rate the adequacy of several
aspects of their research facilities, including the amount of
research space, according to the following scale:

1- Adequate -- sufficient to support all the needs of
your research in the discipline;

2 - Generally adequate -- sufficient to support most
research needs in the discipline, but may have
some limitations;

3 - Inadequate -- not sufficient to support the needs
of your research in the discipline;

4 - N n-existent, but needed; or

5 - Inapplicable, or not needed.




Biological sclences (med. achools)

The amount of rescarch space was reported as "adequate”
to support the needs of S/E research programs at only
1 percent to 21 percent of institutions, depending on the
discipline (figure 13). Mathematics space was most often
rated as "adequate” (21 percent), and medical sciences in
medical schools (1 percent) and biological sciences in
medical schools (4 percent) were rated "adequate”™ by the
lowest proportion of respondents. From 37 percent to
54 percent of institutions reported that the amount of
rescarch spacc was ‘"gencrally adequate,” the modal
response for most disciplines. From 25 percent to
51 percent reported that the amount of space in S/E
disciplines was “inadequate” to support the nceds of the
recearch program. Those disciplines in which the amount of
spacc was most often rated as ‘“inadequate” were
engineering, physical sciences, computer science, biological
sciences (both in universitics and colleges and in medical
schools), and medical sciences in medical schools, ranging
from 43 percent to 51 percent cach.

Doctorate-granting institutions, which house nearly all of
the S/E research space, were more likely to rate the amount
of space in many ficlds as “inadequate” than were non-

doctorate-granting institutions. Similarly, top 50 institu-
tions, which house as much research space as the 474 other
institutions in the population, were more likely to rate the
amount of space as "inadequate” in all fields. The
differences between top 50 universities and others in the
proportion rating the amount of space as "inadequate” were
substantial in almost all disciplines (Appendix table 5-7).

The majority of research administrators and deans surveyed
by NSF in 1986 reported that the amount of rescarch space
was "less than needed.”" The data from the current survey
generally support that finding, aithough lower proportions
reported the amount of space as "inadequate.” It should be
kept in mind, however, that, in addition to the proportion
rating the amount of space as "inadequate,” a considerable
proportion of respondents to the current survey reported
that the amount of space was "gencrally adequate,” but with
some limitations. Therefore, the figures in this survey
represent a finer distinction, and are not directly
comparable with the 1986 data.

One of the most common themes discussed in the open-
ended responses to the survey was the need for additional

Figure 13
Adequacy of the amounrt of research spoce, by discipline: 1988
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spacc and/or the crowding in research facilities. A
recurring theme in the responses was that many institutions
plan to expand their resecarch programs; while this was
mentioncd most often by doctoratc-granting institutions, a
small number of non-doctorate-granting schools also
expressed this goal. A comment often made, primarily by
doctorate-pranting universities, to support the need for
additional spacc was that the institution’s R&D
expenditures had grown substantially in recent years without
a parallel cxpansion in facilities. NSF's survey of R&D
expenditures at colleges and universities indicates that
scparatcly budgeted research increased by 37 percent from
1983 to 1986, from $7.8 billion to $10.7 billion. Some
institutions have experienced more growth, of course, and
others less. Some examples of comments from responding
institutions about this growth are:

» Research funding at [university] has been growing
about 10 percent per year beyond inflation... Our
current research has filled all available space and
some disciplines are very crowded.  (Public,
doctorate-granting university)

n  We are making inroads on the problem [facilities
hmuaaons] However, ﬂcepaceatwhtchspomored
Fesearch is iﬁﬁiﬁg‘ has a ameline wrucn, even
assuming no constraints on funding outpaces the
space available. (Private, doctorate-granting
university)

s The research facilities...are not keeping pace with the
expansion of research activities. While all space is at
a premium, that allocated for research is lagging
behind that being constructed for other academic
activities. (Public, doctorate-granting university)

s While the dollar value for sponsored research
Dprojects has almost doubled over the past three years,
the university’s appropriation for such activities has
remained constant.... There is a prssing need for
both additional and renovated research space in
all disciplines.  (Private, non-doctorate-granting
institution)

In an effort to meet space needs, alternatives to new
coastruction are utilized by many institutions. Conversion
of spacc from nonmresearch use to rescarch use is not
uncommon. For example, a new academic building may be
constructed and some or all of the space in the older facility
converted tu research space. Institutions may also borrow
space from one field to meet research needs in another, and
may take needed space from existing programs to
accommodate new or expanding programs.

Q

The data reporied in this survey demonstrate that not all
universities and colleges, nor all disciplines, share this need
for additional research space. Several of the non-doctorate-
granting institutions, and a small number of doctorate-
granting universities, indicated that their primary focus is on
teaching, and that research is an ancillary activity that
maintains the currency of faculty expertise and provides
rescarch experience to their students. The focus on
organized research and facilities for this research are not
high priorities at many of these institutions. An
aprroximately equal number of non-doctorate-granting
institutions, however, indicated that they do place a high
priority on rescarch, and plan to expand their research
programs, as noted above. Among these non-doctorate-
granting schools, research was gencrally discussed in the
context of its relationship to instruction, and a small number
of institutions noted that rescarch experience supports the
placement of their students into science and engineering
graduate programs.

A small number of institutions indicated that the
construction projects reported for 1988 and 1989, if funded
and completed, will meet their anticipated facilities needs
for the next few years. These institutions, however, were
few in number compared to those that expressed a need for
additionai space.

Adequacy of Selected Aspects of Research Facilities

Infrastructure support, according to the instituticas, is an
essential part of the research facilities issue. While bricks
and mortar are important in themselves, the infrastructure
systems (utilitics, data communication, and related support
systems) are required so that the bricks and mortar can
support the rescarch enterprise.

Academic officials, primarily S/E deans, were asked to rate
the adequacy of selected aspects of their research facilities,
using the scale presented in the previous section. These
systems represent problem areas identified by respondents
during the pretest phase of the study:

s Data communication systems;

s Power systems;

s Heating, ventilation, and air conditioning (HVAC);

s Air decontamination (e.g., fume hoods); and

s Toxic waste disposal.




A small number of institutions reported difficulty in
assigning only one rating to each of these aspects for cach
discipline. This difficulty seems to have occurred most often
when a discipline was housed in multiple buildings with
variations in their infrastructure support. While most
respondents, during followup, were able to select tl. single
rating that best represented their institutions, some
reported that no one rating would truly reflect the status of
their facilities. These cases were small in number, only one
or two percent of responses in any given discipline, and are
reported scparately in the Appendix tables as *varied." For
case of presentation, thes:: responses, along with categories
4 and 5 above, appear in graphics as "all other responses.”

Data Communication Systems

Systems for data communication represent an arca of
infrastructure support in which technology is rapidly
changing. A number of institutions have recently installed
fiber optic metworks for data communication, or are
planning to do so. Such systems provide data links between

campus offices and central mainframes, and provide access
to bulletin boards and electronic mail networks. Comments
from the institutions indicate that the demand for such
services is growing, and that the cost of these systems
requires a major investment,

Data communication systems were rated as "adequate” to
support the rescarch needs of 9 percent to 20 percent cf
institutions in most disciplines (figure 14). A lower
proportion of institutions rated their data communiction
systems as "adequate” in biological sciences in universiitics
and colleges, and a somewhat larger proportion did so in
enginecring and psychology. The modal response for all
disciplines was "generally adequate” (from 37 percent in
enginecring to 76 percent in biological sciences in medical
schools). The data communication systems are considered
*inadequate" to support the research needs of 19 percent to
33 percent of institutions in S/E disciplines.

Figure 14
Adeauacy of data communication svsteme, by discinline: 198
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Power Systems

The growth of the research enterprise cited carlier in this
report, the new technologies used im science and
engincering research, and the proliferation of personal
computers have significantly increased the power needs of
the institutions. The need for air conditioning systems to
cool buildings that contain large amounts of temperature-
sensitive instrumentation has added to the burden on power
systems. Several institutions indicated, during site visits,
that the amount of available power was inadequate and that
their needs included the rewiring of come buildings and
expansion of their substations.

Sixteen percent to 43 percent of the institutions rated their
power systems as "adequate” (figure 15); the highest
proportion is found in psychology (43 percent) and the
lowest in physical and agricultural sciences (16 percent and
17 percent, respectively). In other fields, 22 percent to
36 percent of academic officials reported that power
systems were adequate. Again, the modal response was
“generally adequate.” From 7 percent to 22 percent of the

institutions rcported that their power systems were
“inadequate" to support research in science and engineering
disciplines. The field in which power systems werc most
often rated “inadequate” were agricultural and “other”
sciences (22 percent and 21 percent, respectively); in most
disciplines, from 12 percent to 19 percent rated power
systems as inadequate.

Heating, Veatilation, and Air Cuaditioning (HVAC)

Air handling systems were considered an issue (most often
in connection with cooling) by several institutions. One
institution indicated that the campus had no air conditioning
whatsoever, and that this was problematic for them,
particularly in those facilities that housed many computers
or other types of research instrumentation. A similar
comment from another institution, in reference to a
particular building, was cited in the 1986 rescarch facilities
report.

Figure 15
Adequacy of power systems. by discipline: 1988
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Figure 16
Adequacy of heating, ventilation, ond oir conditioning (HVAC), by discipline: 1988
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From 7 percent to 26 percent of institutions rated their
HVAC systems as "adequate” (figure 16); HVAC systems in
agricultural sciences and biological sciences in universities
and colleges had the lowest proportion rated as adequate
(7percent and 11 percent, respectively). The modal
response, as with other selected aspects of facilities, was
"gencrally adequate." From 14 percent to 34 percent of the
respondents reported that the HVAC systems at their
institutions were “inadequate" for their research needs.
Physical, agricultural, and "other” sciences were the fields in
which HVAC was most often rated as ‘“inadequate"
(31 percent to 34 percent cach).

Air Decontamination

Air decontamination (c.g., fume hoods) is not needed in
some science and engincering ficlds, nor do all institutions
with research in a given field need air decontamination for
their rescarch. In those ficlds to which it is applicable,
11percent to 23 percent of the institutions rated air
decontamination as “adequate,” depending on discipline
(figure 17). Once again, the modal response was "generally
adequate.” In physical, agricultural, biological, and "other"

Nots: Because of spoce limitations, volues of less than 5 percemt are not shown.

sciences, air decontamination was rated "inadequate” by
30 percent to 39 percent of the respondents. In other fields,
20 percent to 25 percent rated air decontamination as
“inadequate,” with the exception of psychology (7 percent),
in which 45 percent of institutions rated air decontamination
as inapplicable to their research.

Toxic Waste Disposal

Many institutions have contracts with outside organizations
for the disposal of toxic waste, but must have facilities in
place for the handling of waste materials prior to pickup
and disposal by the contractor. This is a major health and
safety concern, and is also a politically sensitive issue for
many institutions. Like air decontamination, however, toxic
waste disposal is not needed in some disciplines.

From 15 percent to 31 percent of academic officials rated
toxic waste disposal facilities as adequate (figurc 18).
Medical sciences, both in colleges and universities and in
medical schools, and biological sciences in medical schools
were the ficlds in which toxic waste facilitics most often
received "adequate” ratings. Again, the modal response for

ou
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Figure 17
Adequacy of air decontamination (e.g., fume hoods), by discipline: 1988
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all ficlds was "gencrally adequate.” The disciplines in which
this area was most often rated "inadequate® were physical,
agricultural, and biological sciences in colleges and
universities (19 percent to 22 percent).

Effects of Facilities Needs

The effects of facilitics constraints on the rescarch programs
at the institutions were mentioned less often than some of
the themes (such as renovation backlogs and the need for
additional research space) which were cited above. Where
the cffects of facilitics nceds were mentioned, they most
often focused on two arcas: faculty recruitment and
restriction of the research enterprise.

These issues were also cited in NSF's 1986 facilities report.
While deans and research administrators were not
specifically asked about the effects of facilities needs on the
recruitment of personnel in the 1986 survey, 31 percent of
rescarch administrators and from 6 to 38 percent of deans
in S/E ficlds spontancously mentioned this during theis
interviews. The cffects of facilities on the recruitment of
facully and/or graduatc students were most often
mentioned in the 1986 survey by physical sciences deans, but
were mentioned by one-fourth or more of respondents in all

A number of factors contribute to the competition for
faculty in science and engineering fields, including, among
others, institutional and departmental reputation, salary,
and geographic location. In addition, many disciplines find

themselves competing with private industry for scientists
and engincers. According to the institutions, research
facilities also play a significant role in the recruitment
process. Examples of comments on this topic from
responses to the 1988 survey are:

s You need the faculty to write proposals...and you
cannot recruit such faculty without them having
appropriate facilities to accomplish their work.
(Public doctorate-granting university)

» ..fo attract and keep top-notch faculty requires first
rate facilities, or a commitment to move in that
direction. (Private doctorate-granting university)

In the 1986 NSF rescarch facilities survey, more than three-
fourths of rescarch administrators and deans reported that
their facilities problems limited the number and types of
projects that could be undzrtaken. Responses to the 1988
survey indicate that this is still a concern of the institutions.
Examples from respondents to this survey about limitations
on the rescarch program resulting from inadequate facilities
include:

» ..limitations in research facilities..restrict the
research opportunities and reduce the competitive-
ness of well qualified researchers. (Public, non-
doctorate-granting university)

Table 20. Comparison of needed vs. planned repair/renovation, by institution type and control: 1988-89

Repair, "enovation (R&R) needs and pians
| Existing RAD space Total cost of;**

Institution type Ratio of

and conirol Needing Planning AN Al Difference deferred:

R&R as of R&R for needed planned (deferred planned

1088 19068 and 80 RAR R&R R4&R) R&R
(NASF in thousands) (Dollars in mittions)

Tolal. 44,000 9,670 $3,584 s $2,807 $3.60:1.00
Doclorate-granting 43,000 9,480 3,455 762 2,603 3.50:1.00
Top 50. 23,400 5,050 1,880 406 1,474 3.00:1.00
Other 19,800 4,430 1,575 356 1,219 3.40:1.00
NON-dOCiorsle-granting...............ccccenne. oue.e. 1,000 190 129 15 114 7.60:1.00

'mmmummmmmmmmamwmm.
**Al setimates use $80.35 per square fool as the unit cost of repair and renovation. This rale was caiculated by dividing the tola! cost of al planned R&R in 1988 or

1980 by the fotal NASF of planned AR
Hote: Detalis may not sum 10 total due 10 roUNdINg.

Source: Netional Sclence Foundation, SRS,




s We are now faced with a situation where space and
facilities are the limiting factors for continued growth
of [research] activities. (Public, doctorate-granting
university)

» ..the university’s research program will begin to
plateau or decrease because of the lack of space.
(Public, doctorate-granting university)

Relationship Between Current Facilities Condition
and Planned Facilities Repair/Renovation

This section examines the relationship between the current
condition of research facilitics, discussed earlier in this
chapter, and institutions’ planned repair/renovation
activitics for 1988 and 1989, as described previously in
Chapter 3. The basic relationship is that, while 39 percent
of the research square footage nationally was reported as
neceding limited or major repair or renovation,
repair/renovation projects planned for 1988 or 1989 will
encompass only 9 percent of existing research space. This
means, apparently, that 30 percent of ali current research
space needs repair or renovation but will not reccive it
during the next 2 years.

Specifically, a total of 44.6 million net assignable square feet
(NASF) of research space were reported to be in need of

repair/renovation in 1988, of which 9.7 million NASF
(22 percent) were actually scheduled for repair/renovation
work in 1988 or 1989 (table 20). Assuming the cost per
square foot for repair/renovation would be the same for
other needed projects as for projects already planned, the
estimated cost of performing all needed repair/renovation
in 1988-89 would be $3.6 billion. Comparing this figure to
the total of all planned repair/renovation indicates that, for
every dollar institutions plan to spend for repair/renovation
of research facilities in 1988-89, an additional $3.60 in
needed repair/renovation is being deferred. The level of
deferred repair/renovation is about the same for the top 50
R&D performers ($3.60 to $1.00) as for other doctorate-
granting institutions ($3.40 to $1.00), and it is about twice
those levels among non-doctorate-granting institutions
(87.60 to $1.00).

The disciplines with the lowest rates of deferred
repair/renovation (i.c., the ones whose planned repair/
renovation projects come closest to meeting the estimated
need in the discipline) are the medical sciences ($2.10 to
$1.00) and the biological sciences ($2.40 to $1.00), (table
2i). At the other extreme, disciplines with comparatively
high rates of deferred repair/renovation include the
agricultural sciences ($15.20 to $1.00), the environmental
sciences ($5.10 to $1.00), and what might be called the

Table 21. Comparison of needed vs. planned repair/renovation, by discipline: 1968-89

Repair and renovation (R&R) needs and plans
Existing RS D space Tolal cost of:+¢
Disciplines Ratio of
Needing Planning Al Al Difference defetred:
R&R as of R&R for needed planned (deterred planned
1968* 1968 and 89 R&R R&R R&R) R&R

(NASF In thousands) (Dollars in mHtions)
Total, 44,600 9,670 $3,588 $i77 $2,781 $3.00:1.00
Engineering 6,000 1,360 522 121 401 3.30:1.00
Physical sciences 5,000 1,520 548 126 422 3.30:1.00
2,600 440 148 24 122 5.10:1.00
200 30 20 4 16 4.00:1.00
500 90 36 7 29 4.10:1.00
8,300 510 357 2 335 15.20:1.00
9,000 2,640 576 168 408 2.40:1.00
7,700 2,480 785 254 531 2.10:1.00
1,000 100 103 " 92 8.40:1.00
1,300 100 12 8 104 13.00:1.00
1,000 300 139 3 108 3.50:1.00

*From respondent reports of the percentage of 1968 R&D space needing limited or Major repair and renovation.
+Estimaiad costs of planned RAR were reported by the survey respondents. Estimates for needed RAR were oblained by multiplying the square foolage neerting

RAR Dy the cost per square fool of planned R&R.
Note: Detalis may not sum fo tolals due to rounding.
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officc-based sciences, mathematics ($4.00 to $1.00),
computer science ($4.10 to $1.00), psychology ($8.40 to
$1.00), and the social sciences ($13.00 to $1.00).

Relationship Between the Adequacy of the Current
Amount of Research Space and Institution Plans for
Construction of Additional Space

This section examines the relationship between institutions’
perceptions of the adequacy of their current amount of
research space and their plans for conmstruction of new
rescarch space in 1988 or 1989. The basic relationship, as
one might expect, is that the number of institutions actually
planning new construction in 1988-89 in a given discipline is
usually considerably smaller than the number that describe
their existing space in the discipline as insufficient (i.c., as
cither inadequate in amount or as nonexistent, but needed).
Thus, the number of institutions planning new construction
in 1988-89 ranges from 9 in mathematics (and also in
psychology) to 108 in the biological sciences, and averages
41 across all 11 S/E disciplines (see Appendix table 3-3),
while the number reporting insufficicat space ranges from
37 in the agricultural sciences to 228 in the biological
sciences, and averages 126 across all disciplines (see
table 23).

The purpose of this analysis is to examine the extent to
which institutions that have a perceived need for additional
space in a discipline alsc have actual plans tc address the
need through new construction in the near future. First,

however, it must be noted that need for additional space is
not the only reason an institution might have for new
construction. As noted earlier in Chapter 3, some new
construction is intended to replace or upgrade existing
rescarch space, without necessarily increasing the total
amount of research space available in the affected
discipline(s). Thus, of the total of $3.4 billion of planned
construction in 1988-89, $1.1 billion (32 percent) was
reported in disciplines (within institutions) where the
current amount of space 1 as pot reported to be insufficient.

The extreme case was psychology, where only 11 percent of
the institutions that reported plans to construct new
research space in that discipline also reported that the
current amount of space is insufficient (table 22, first data
column). This suggests that most of the planned
construction in psychology is designed to upgrade animal
quarters, replace obsolete buildings, upgrade labs, etc. --
purposes other than increasing the total amount of research
space. Computer science is at the other end of the
spectrum, where the need for additional space js the major
factor driving new construction. In that discipline, fully
ihres-fouribs of the institutions that pian new construction
in 1988-89 also report insufficient current space.

Among institutions that report a need for more space in a
discipline, the percent also reporting plans to initiate
construction of additional space in 1988 or 1989 range from
less than 1 percent in psychology to 46 percent in
agricultural sciences (table 22). In most disciplines,
doctorate-granting institutions that need more space are

Table 22. Relationship between adequacy of the amount of current research space and planned construction of new R&D space in 1988 or

1989, by discipline and institution type

Instituti Of institutions reporting current space as inadequate,*
o'eonwudlon ln‘ anning percent planning construction in 1988 or 1989
Discipiines 1088
or 1989, percent Doctorate-granting Non-
reporting current Total doctorste-
space as inadequate* Top 50 in R&D Other granting
Engineering 87% 26% 45% 21% 18%
Physical sciences 56 20 32 26 8
Environmental sciences....................o.cn.... 55 14 14 17 9
Mathematics 56 8 9 8 0
Computer science 75 1 8 18 ]
AQrICURUCSE SCIONCES...........c.orurtencaenttunn.nne 46 48 58 a3 57
Biological SCIONCES .................cuutcismsncuesione 56 27 32 38 13
Medical sciences. 53 36 62 a3 0
Paychology 11 <1 0 2 0
Social sciences 59 7 0 18 2
Othar SCIONCEB, N.C. ....ccovercrineeerrusssnsanenne 67 26 10 28 B

*inciudes institutions that rated their current amount of R&D space In the discipline as efther "inadequate® or as “nonexisient, but needed.*
“*Not applicable: no institutions in this category reporied inadequate space in this discipiine.

Source: National Science Foundation, SRS.
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Table 23. Comparison of needed 3. planned construction of research facilities among institutions: 1988-89

lmmm o Witi: b:?a Al insthutions with
" ® ':; " insufficient research space Cost Ratio of
Disciplines ‘ difference deferred:
Number Cost of Number Cost of (dsterved planned
of planned of needed 2 construction) construction
Institutions construction Institutions construction
(Collars in mililons)
Total® - $2,3%6 - $8.131 $5.705 $2.48:1.00
Engineering 39 353 151 1,088 733 2.01:1.00
Physical sclences 38 388 192 1,583 1,195 3.08:1.00
Enviconmental sciences....................ceenneee 18 124 127 817 693 5.58:1.00
Mathen alics 5 3 82 51 48 16.00:1.00
Computer science 14 87 158 628 s21 8.37:1.00
AGICURUIE! SCHONCON................cooe e 17 150 37 265 115 0.77:1.00
Blological 8CINNCEL ...............coccecvnineincenninnns 61 400 228 1,203 803 2.01:1.00
Medical cclences 4 785 13 1,937 1,142 1.44:1.00
Psychology 1 1 129 181 180 180.00:1.00
Soclal sciences 10 17 135 176 150 9.35:1.00
CINar 2CIONCE8, NOC. ...........ocoerueennncnnnnene 10 39 39 204 165 4.23:1.00

'mmmmmmmmmmwmmmmuwommorunomxm«n.mnnnoon. Plans for new
construction refers to plans to begin construction of new research space in the discipline in 1988 or 1989.

2Mmmwmmmgwmmwmm(umwwmmmmmn.uonmnnauapum In 1988 or 1989) by the
number of Institutions reporting ins'Aficient current space. To account for inutitution size differences, estimates weie computed separately by institution type within

diecipine.

amlnoadnnmoquncydtmmdwmeabmdlonndwws/Edlsdpunuoniy.wnouortotal S/E space.

Nols: Detall may not sum fo totals because of rounding.
Source: National Science Foundation, SRS.

more likely to have plans for new construction than is the
case for non-doctorate-granting institutions.

The number of institutions reporting inadequate amounts of
rescarch space and planned new construction in 1988 and
1989, and the cost of that construction ($2.3 billion) are
shown in table 23 (first two columns). If all institutions with
insufficient research space were able to begin projects to
build additional spacs, at the same cost per institution'® as
institutions that do plan new construction prcjects in 1988-
89, the estimated total construction cost would be $8.1
billion. This is about threc and one-half times the $2.3
billion of construction actually planned by these institutions
(table 23, third and fourth columns’ The shortfall, which
might be described as deferred construction, amounts to
$2.48 of needed-but-not-planned construction for every
$1.00 of planned construction.

The rate of deferred con:truction varies widely by discipline.
In the agricultural sciences, only $0.77 in needed

"m estimate of deferred construction is based on cost per ins :*ution
rather than cost per square foot, because reliable estimates of nceded
additioral square feet are very difficult to collect.

construction is deferred for every $1.00 planned, indicating
that spendiug actually planned for 1988-89 is more than
one-half the total that would be required for new
construction at 2l institutions that have insufficient rescarch
space in this discipline. Other disciplines with especially low
rates of deferred construction are the medical sciences
($1.44 to $1.00), the biological sciences ($2.01 to $1.00), and
engincering ($2.08 to $1.00). The “office-based” sciences
(mathematics, computer science, psychology, and the social
sciences) have the highest rates of deferred construction, all
above $8.00 to $1.00. Psychology has by far the highest
deferral rate, since the number of institutions that report
insufficient current space in that discipline is fairly large
(129), but only one of those reporting inadequate space is
planning any new construction in that discipline in 1988 or
1989,




6. RESEARCH FACILITIFS AT HISTORICALLY BLACK
COLLEGES AND UNIVERSITIES

HIGHLIGHTS

»  Historically black colleges and universities (HBCU?s)
have 1 million net assignable square feet (NAS. * of

space for organized research, or 1 percent of the
NASF at all institutions,

s HBCUs' projected spending on research facilities
construction and repair/renovation during 1988 and
1989 ($42 million) is down substantially from the level
reported for the 1986-87 period ($85 million).

s HBCU’s reccive more than 80 percent of their funds
for facilities from government sources, reported less
use of institutional funding, and no use of tax-exempt
bonds.

= The modal responsc for the amount of research space
in science and engineering disciplines at HBCU’s was
"generally adequate.” An estimated 76 percent of the
rescarch space was rated as either suitable for use in
the most scientifically sophisticated research or as
cffective for most purposes.

Historically black colleges and universities (HBCU’s) are
institutions that were founded primarily for black
Americans, although their charters were generally not
cmclusionary.19 They have been ident'fied with service to
black Americans for at least two decades, with most being
50 to 100 years old. Of the 107 HBCU’s, 29 in the
continental United States have been identified as having
scparately budgeted science ana engineering research;
together, they accounted for $663 million in R&D
expenditures in 1986.° Of these 29 HBCU', 22 are public
institutions and 25 are non-doctorate-granting institutions.
All 29 have been included in this survey in order to provide
reliable estimates for this group.

Two cautions should be observed in analyzing data from this
survey. First, because HBCU's have relatively low amounts
of space and construction, percentages Lased on these small
numbers can show large fluctvations. Second, with only 29
institutions in the population, it is relatively easy for data
from onec institution to dominate the results. This is
especially true in areas such as new construct.on, where
institutions typically report zero construction for most

YAs defined by the National Advisory Committee on Black Higher
Education and Black Colleges and Universities.

2oSelected Data on Historically Black Colleges: Academic Year 1986,

Prepared by Universities and Colleges Studies Group, Statistical
Analysis Section, Division of Science Kesources Studies, National
Science Foundation. December 1987,

disciplines. In response to these problems, the analysis of
capital project activity in this chapter will generally focus on
overall features of historically black institutions, and will de-
emphasize results for specific disciplines.

Amount Of Research Space Available

HBCU’s have an estimated 1 million net assignable square
feet (NASF) of space?! used for organized research in the
sciences and engineering (table 24). This represents about
1 percent of the 114 million NASF at all research
institutions. For HBCU?’s, the proportion of S/E space used
for rescarch represents 19 percent of the total science/
engineering space. On a per-institution basis, historically
black institutions have a mean of 37,000 NASF of S/E
research space.

Table 24. Space for organized research in science/engineering

disciplines at historically black colleges and universities:

1988
Percent of
Total research total S/E
Disciplines square feet space used for
(n thousands) organized research

TotAl.....ccocoeincnricnnneeerenanenes 1,071 19%
Engineering...................... 152 20
Physical sclences 164 24

Environmental
sclences................ceeeeernnens 7 19
Mathematics....................... 12 7
Computer science.............. 49 3
259 43
223 21
140 28
a3 15
159 8
30

in medical schools.......... 129 1
PEYChOIOY ....coevvverecernnns 14 2
Social sciences................ .. 28 9
Other scie.ces, ne.c.......... 4 3

Source: National Science Foundation, SRS.

The distribution of space in historically black institutions
among the various disciplines is roughly similar to that of
the institutions overall, with the exception that agriculturc
has a larger proportion of the NASF (24 percent) among
HBCU's than all institutions (16 percent).

21HBCU’: represent smali proportions of total research NASF and
facilities costs; their somewhat different results have little effect on
national findings for all institutions.
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Construction and Repair/Renovation

While bistorically black institutions have 1 percent of the
NASF, they account for 3 percent of the costs of new
construction projects started in 1986 and 1987 (i.c.,
$71 million out of a total $2.1 billion for all institutions)
(table 25). This amounts to a mean of $2.4 million in new
construction per institution. HBCU’s project $37 million in
project completion costs for 1988 and 1989, 48 percent less
than 1986 and 1987. Such large fluctuations are relatively
common when only a small number of institutions are being
measured; since cnly 29 historically black institutions were
studied, a single large project started in 1986 or 1987 at one
institution has the capacity to make those years 2 pear
unusually high.

Table 25. Construction and repair/renovation in 1386 and 1587 and
planned for 1988 and 1989 at historically black colleges

and universities
Conatruction
and repair/ 1986 1988
renovation and 1987 and 1989*
Construction projects
Total project completion
costs (In millions) ................... $7N $ 37
Total square feet (in
thousands).............c.cecreeenceens 475 90
Square feet as percent of
avallable Space....................... 4% 8%
Repair/renovation
Total project completion
costs (in miilons) ................... $14 $5
Tolal square feet (in
thousands)..............ccceveeeuenceee 135 85
Square feet as percent of
avalisble space....................... 13% 8%

Source: National Science Foundation, SRS.

A similar finding concerns the total square feet involved in
the new construction projects. Their 475,000 square feet in
new projects was 5 percent of the 10 million square feet of
construction among all institutions, while they represent
only 3 percent of project costs.? Using a different measure,
the square feet of new conmstruction as a percentage of

zznn disproportionate growth in space as compared to dollar costs is
apparently due to strong growth in the agricultural scicnces, where large
amounts of space may sometimes be added at relatively small cost.
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currently available space, the growth in HBCU’s was about
44 percent.

The projected growth in square footage in 1988 and 1989
shows a similar pattern to that of costs of new construction.
Historically black institutions project a large drop in new
construction projects in 1988 and 1989 to bring them to the
1 percent level of all institutions (at 90,000 square feet,
compared with 11.8 million). Measuring the square fect of
new construction as a percentage of currently available
space, their high growth rate in 1986 and 1987 will be offset
by a lower (8 percent) growth rate in 1988 and 1989 that is
closer to the rates for other institutions.

For repair/renovation projects in 1986 and 1987, the total
project completion costs at HBCU’s were $14 million, or
2 percent of the repair and renovation costs among all
institutions. But, as with new construction projects, repair/
renovation costs are expected to change in 1988 and 1989
(to $5 million) to a level of 1 percent of the projected costs
among all institutions. This represents a decline of
64 percent for historically black institutions. (One caution is
that projections for repair/renovation may be less accurate
than projections for nmew construction. If repair and
renovation projects require less preparation time than new
construction, there is an increased possibility that new
projects can be adopted that have not yet been planned.
This may help to explain why a decline is expected even
among all institutions, when inflation would be expected to
have the opposite effect.) If the projections for repair/
renovation are accurate, the changes reflect a relative shift
in priorities between new construction and repair/
renovation.

The repair/renovation projects in 1986 and 1987 involved
135,000 square fect, or 13 percent of all research space at
historically black institutions. Less space (85,000 square
feet, or 8 percent of all research space) is projected to be
involved in repair/renovation in 1988 and 1989. This
projection could reflect either a general shift in priorities
between new construction and repair and renovation, or a
difficulty in projecting future repair and renovation efforts.




Sources of Funds

The Federal Government is the predominant source of
facilities funds for historically black institutions, providing
45 percent of the funds for new construction in 1986 and
1987, and 61 percent of the funds for repair/renovation
projects (table 26).2 HBCU's project, however, that they
will receive considerably less of their funds from the Federal
Government in 1988 and 1989. Federal funds for new
construction are projected to decline to 16 percent, and
Federal funds for repair/renovation are projected to decline
to 37 percent.  Given that large decreases in total funding
are projected for both new construction and repair/
renovation, this represents a substantial change in the
projected dollar amount of Federal funds (ic., from
$32 million to $6 million for new construction, and from
$8 million to $2 million for repair and renovation).

Table 26. Sources of funds for science/engineering research
faciiities projects at historically black colleges and
universities: 1986-1989

_ Construction |  Repair/renovation
1966 1088 1906 1988
and 1967 [and 1989* |and 1967 | and 1960+
N $37 $14 $5
45% 16% 81% I7%

T 3 84 35 “
15 ()} 4 19
3 ()} <1 ()}

()} ()} ()} ()}

()} ()} ()} ()}

()} ()} ()} ()}

Source: National Sclence Foundaticn, SRS,

State and local governments are the second largest source
of funding for the historically black institutions, and their
proportion is projected to increase. They provided
36 percent of the funds for new construction in 1986 and
1987, and 35 percent of the funds for repair/ renovation;
this is roughly similar to their proportion of funding among

B0ne historically black institution received an unusually large proportion
of fun”s fror the Federal Government for repair and renovation, and if
this institutio. .8 excluded, the Federal share among HBCU's is reduced
to 44 percent. The Federal share for new construction was not affected
by excluding this institution.

all institutions (38 percent for new construction, and 27
percent for repair/renovation).

The dollar amount of funding from State and local
governments is not expected to change considerably in 1988
and 1989. With the projected diminished Federal share,
however, the proportion of State/local funding as compared
with all funding is projected to show a large increase. For
new construction, there is a projected increase from 36
percent tc 84 percent (in dollars, from $26 million to $31
million), and for repair/renovation, an increase from 35
percent to 44 percent (in dollars, a decline from $5 million
to $2 million).

Government sources (Federal and State/local) accounted
for 81 percent of new construction and 96 percent of repair/
renovation in 1986 and 1987, and are projected at 100
percent of new construction and 81 percent of repair/
renovation in 1988 and 1989.

Private facilities funding amounts to 15 percent of new
construction and 4 percent of repair and renovation.
Historically black institutions project a decline in private
funding for new construction (to zero percent) and an
increase for repair and renovation (to 19 percent, although
the dollar amount « { the increace is only from $.5 million to
$.9 million).

Institutional funds account for 3 percent of the funds for
new coastruction and less than 1 percent of funds for repair
and renovation, while other sources provide no funds. No
funding from other sources is anticipated for 1988 and 1989.

The Condition and Adequacy of Research Facilities

When asked to rate the adequacy of the amount of R&D
space, the modal response by historically black institutions
is "gencrally adequate” (table 27).24 In fact, there is only 1
discipline (environmental sciences) for which this was not
the most common response,” and there are onmly two

2“Readels should note that the percentages in table 27 are often based on
extremely small nuinbers, since some disciplines are offcred by few
historically black institutions. For that reason, this analysis focuses
more on general patterns than on specific disciplines.

In the case of computer science, there were equal numbers of
institutions indicating “generally inadequate™ and ‘“inadequate or
nonexistent, but needed.”

re /™
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Table 27. Adequaav of research space at historically black colieges

and universities: 1968

g
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additional disciplines (computer science and agricultural
sciences) for which less than 50 percent of the institutions
rate their space as “generally adequate.”

Historically black institutions rated 37 percent of their
facilities as suitable for use in the most scientifically
sophisticated research, and rated an additional 39 percent as
effective for most uses, bringing the total for these two
categorics to 76 percent. Twenty-five percent of the space
was rated as needing ¢'ther limited (18 percent) or major
(7 perceat) repair or renovation to be used effectively.

b
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HIGHLIGHTS

» The average amount of rescarch space at top 50
R&D institutions increased by about 9 percent
from 1986 to 1988.

= Expenditures for construction of rescarch facilities
at top 50 institutions for the period 1987 through
1989 were estimated to be higher in 1988 than had
beer projected in 1986. Expenditures for repair/
renovation of rescarch facilitics for this period
were estimated to be lower than projected in 1986.

= The share of Federal funds and tax-exempt bonds
in the financing of research facilities is similar to
the levels projected in 1986. The exception is a
slightly lower proportional use of bonds for
construction (24 percent compared to the projected
29 percent).

»= A majority of respondents in 1986 rated the
amount of rescarch space at their institutions as
“less than needed.” In the current survey, 25
percent to 51 percent of rezpondents, depending on
discipline, rated the amount of spacc as
“inadequate;” additional respondents rated the
amount as "adequate” or "generally adequate, with
some limitations.”

While there are a number of methodological differences
between NSF’s 1986 and 1988 surveys on academic research
facilities, the findings can be compared in a few ways. This
chapter relates the findings of the two studies; the
comparisons are limited to those which can validly be made,
given the sample and questionnaire differences between the
two surveys. The Technical Notes section (Appendix A)
describes the methodology of the current survey in-depth,
and provides a summary of the 1986 approach. A
comparison of the 1986 and 1988 surveys is shown in Exhibit
A-1(Appendix A).

7. COMPARISON OF 1986 AND 1988 RESEARCH FACILITIES SURVEYS

Only onc group of institutions is directly comparable
between the two surveys -- the top 50 in R&D expenditures.
Nearly all of them (47) were included in the 1986 survey,
and all were included in 1988. The comparisons in this
chapter focus on these institutions.

Science and Engineering Research Space

The top 50 R&D institutions are the only subgroup which
could be compared in order to assess whether any change in
the amcunt of research space has taken place since 1986
(table 28). Forty-seven of them were included in the 1986
survey, and all were included in 1988. The data show an
increase of 9 percent in the average science and engineering
rescarch square footage at top S0 universities, from just
over 1 million square feet in 1986 to just over 1.1 million in
1988.

Table 28. Comparison of science/engineering research square
footage at top 50 R&D institutions: 1986 and 1988 surveys

Yoar of No. of
_ suvey institutions Total Average
(square feet in thousands)
1908 SUIVRY ........co.ccorrremecrrses 47 48,504 1,032
1988 BUIVEY .....oocrrceenreerrscrn 50 56,501 1.1%0

Construction and Repair/Renovation Projects

Among top 50 institutions, the construction costs reported
in the 1988 survey were greater than would be expected,
based on the 1986 survey (table 29). Forty-seven of the top
50 schools in the 1986 survey reported plans for projects
costing $2.5 billion, or an average of $54.4 million per
institution for 5 years. Prorated to 3 years, to provide a
basis for comparison with the 1988 survey, the expected cost

Table 29. Comparison of 1987 through 1991 new construction and repair/rencvation costs for research facilities at top 50 R&D institutions: 1986

and 1988 surveys
1988 Survey 1968 Survey
Type of
project No. of Tolal cost Average cost Average No. of Total cost Average cost
institutions 1987-91 1967-91 1887-89 nstitutions 198789 1967-89
(doliars in millions) (doliars in miliions)

Now CONSITUCHON ..............concveermneerssnsanes L1 $2,542 $54.4 $326 50 $2,583 $51.7
Ropair/renovation.................ccossmmsmersnees 47 1.240 255 15.3 50 682 136

60




would be $32.6 million per institution. In the 1988 survey,
however, the top 50 institutions reported an average amount
of $51.7 million for the 3-year period including 1987
through 1989. This represents 95 perceat of the 5-year
projections made in 1986.

In the 1986 survey, the top 50 institutions projected an
average repair /renovation cost of $25.5 million for 5 years,
or $153 million for 3 years. The top 50 schools’ 3-year
estimate based on 1988 responses is an average of $13.6
million per institution, 11 percent less than the 1986
estimate. This finding is consistent with the anticipated
decline in repair/renovation noted in Chapter 3.

Sources of Funds for Construction and Repair/
Renovation

The 1986 survey did not ask institutions to report the
proportion of repair, renovation, and new construction costs
that would be paid for with institutional funds. 'The schools
reported institutional funds in the 1986 survey according to
their source (c.g., State, private) rather than identifying
them as institutional. In addition, the 1986 survey d'd not
include categories for "other debt" and "other" sources. For
this reason, several categories are not directly comparable.
The current survey results do confirm the 1986 finding that
public and private institutions differ in their funding
sources: public institutions receive more State funding, and
private institutions tend to rely more on private sources and
tax-exempt bonds.

The proportions of costs that were projected for Federal
sources and from tax-exempt bonds, however, are more
comparable (table 30). The top 50 R&D universities
reported similar proportions of Federal support for future
projects in both surveys -- 2 percent in the 1986 survey and 3
percent in the 1988 survey. The proportion of tax-exempt
bond financing projected in 1986 was 29 percent, compared
to 24 percent in 1988. In both surveys, top 50 institutions

Table 30. Comparison of funding sources for research facilities at
top 50 R&D institutions: 1986 and 1988 surveys

Type of Tax-exempt
project Federal bonds .
New construction
1908 survey 2% 20%
1988 survey 3 24
Repair/renovation
1988 survey . [} 12
1968 survey [} 14

anticipated a somewhat higher portion of costs to be
financed with bonds compared to those below the top 50.

Among top 50 universities, in 1986, the anticipated Federal
portion of repair/renovation costs was 9 percent, compared
to 6 percent in the 1988 survey, a slight decline. The 1986
and 1988 projections for tax-exempt bond financing were
also similar, 12 percent and 14 percent, respectively.

Condition of Research Facilities

The condition of facilities was reperted differently in the
1986 and 1988 surveys. In 1986, deans selected a single
category that best represented all space in each field at their
institutions. In 1988, responses were based on ihe
distribution of research space across four categories for
cach field. As a result, in 1986, each institution selected one
response, and the responses were not weighted tur the
amount of research space at the institution. In the current
survey, however, the square footage represented by various
categories has been added to represent the proportion of
research space in each conditiun category, rather than the
proportion of institutions selecting each response. This
provides a more accurate picture of the condition of
rescarch space. Finally, very specific definitions of each
response category were provided in the 1988 survey, but not
in the earlier survey.

The methodological differences between the surveys

- resulted in quite different sets of responses; having to select
only one category in one year, and allocating space across
the various categories in the other, clearly resulted in non-
comparable information. For this reason, the reader is
cautioned against using the two surveys to assess change in
the condition of facilities.

Adequacy of the Amount of Research Space

In the 1986 telephone survey of science and enginecring
deans, the amount of space was rated as "about right" by
11 percent to 33 percent of respondents in most fields.
Engineering and social science deans were less likely to
stat: that the amount of space was about right (7 percent
and 8 percent, respectively). The majority of deans in all
fields (64 percent to 93 percent) indicated that they had
"less space than needed." In 1988, from 25 percent to 51
percent of academic officials indicated that the amount of
rescarch space was “inadequate”; the modal response for
nearly all fields was "generally adequate.” Enginecring was
one of the fields in which academic officials most often
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rated the amount of rescarch space as inadequate (51
percent) in 1988, consistent with 1986 responses. Similarly,
in both years, mathematics was the discipline in which the
amount of research spacc was most likely to be rated as

adequate.
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TECHNICAL NOTES

This section describes the methodology used in this study,
including the universe and sample, survey questionnaire,
and data collection and response rates. In addition, there is
a discussicn of some considerations which the reader should
bear in mind when interpreting the data presented in this
report. A summary of the approach used in NSF’s 1986
survey of research facilities at doctorate-granting
universities is also included, to facilitate comparisons
between the two eniveys.

Universe and Sample

The 1988 survey was designed to provide estimates for all
research-performing institutions. For this reason, the
universe includes a broader range of doctorate-granting
institutions than the 1986 survey, as well as adding non-
doctorate-granting schools and HBCU’s. A sample of
approximately 250 institutions was selected in order to
provide data on the current status of academic research
facilities in the sciences and engineering. The sampling
frame for the survey was the FY 1983 Survey of Scientific
and Engineering Expenditures at Universities and Colleges
file that contains all institutions that offer a master’s or
doctoral degree in the sciences and engineering, any
institution that had scparately budgeted research and
development (R&D) expenditures of $50,000 or more, and
all historically black colleges and universities (KBCU’s)
with any R&D expenditures. This file represents the most
recent available universe survey of R&D expenditures.
There are 566 institutions in this frame, and 137 of the
universities have medical schools.

All of the historically black colleges and universities were
included in the sample with certainty. The remaining 223
sample schools were sampled with varying probabilities to
improve the pr=cision of the estimates. The schools were
stratified by control of the institution (public vs. private) and
by the highest degree awarded. Four strata were formed:
public doctorate-granting, public non-doctorate-granting,
private doctorate-granting, and private non-doctorate-
granting institutions. Academically administered Federally
Funded Research and Development Centers were excluded.

Institutions with large amounts of research spending were
sampled with ceriainty. The square root of the total amount
of R&D expenditures was the measure of size used to
sample the institutions. The impact of the use of total R&D
expenditures was examined in each of the disciplines to
verify that no institutions with large expenditures in a
particular discipline were assigned a measure of size so
small as to adversely impact the variance of the estimates in
that discipline. The same procedure was used to make sure
that the sample size for medical schools is sufficient to
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generate national estimates in that subgroup. Since
institutions that have medical schools very frequently have
large total R&D expenditures, this requirement was easily
satisfied. Of the 137 schools that have cither a separate
medical center or a medical program in addition to other
programs, 99 were sampled.

The initial allocation of the sampled institutions is shown in
table A-1. The allocation was determined by first setting a
minimum sample size for each stratum to 25, and then
allocating the remaining sample size roughly in proportion
to the size of each stratum, in which size is the square root
of total R&D expenditures.

Table A-1.  intial sampie aliocation for 1968 academic research faciities

survey
Number of Sample Stze
Stratum instiutions |+ tal Centainty | Probability

Public doctorals............. 192 1 59 52
Public non-doclorate...... 148 2 2 24
Privale doclorate............ 131 61 27 34
Public non-doctorate. ... . o7 25 3 2
Historically biack

colieges and

universities.......... ....... 20 .0 0 0
TOMAL.. ...oooerrvrcereeeer o, 566 253 121 132

Note: Adjustments were made to the sampie foltowing £ix selection; e final
sampie distribution is shown in table A-2.

Following the selection of the sample, NSF determined that
several of the sampled institutions were out of the scope of
the survey. Out-of-scope institutions included those in U.S.
tzrritories, military academies, a special rescarch institute
operated by an institution but not assigned to any of its
campuses, and two highly specialized institutions considered
inappropriate, given the nature of tLeir programs. With the
climination of these out-of-scope cases, the final sample size
was 244 institutions, of which 29 are HBCU’s, and 99 have
medical schools. The resulting weighted national total is
524 institutions.

The sampled universities and colleges include all of the 50
institutions with the largest amount of R&D expenditures
and 98 of the top 100. They account for more than 75
percent of the total academic R&D expenditures and at
least 70 percent of spending in each disapline.
Furthermore, all of the 10 largest institutions for any given
science or enginecring discipline are included in the sample.
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The Survey Questionnaire

The National Science Foundation developed a draft
research facilities questionnaire, in consultation with several
universitics and associations. During a workshop with
several higher education associations and university
representatives in the spring of 1987, the definitions and
questionnaire items were revised. The questionnaire was
then pretested during site visits to a group of 22 institutions.
Agency and contractor personnel met with institutional
administrators and staff to discuss the definitions, questions,
and survey procedures. Institutional administrators and
staff included vice presidents for research, directors of
sponsored research, facilities and budget admmlstrators,
institutional rescarch directors, science and engincering
deans, department chairs, and principal investigators.
Advisory panel members participated in several of the
pretest site visits. After completion of the pretest phase, the
findings of the pretest were presented to the associations,
university representatives, and the project’s advisory panel,
prior to data collection.

The survey questionnaire requested the following
information:

s The total net assignable square feet (NASF) of
space available in science and engineering
disciplines, and the NASF used for organized
research;

s The amount of research space that is leased by the
institution and the amount housed in temporary
facilities;

s The condition of research facilities in each science/
engineering (S/E) discipline;

s The adequacy of selected aspects of research
facilities, by discipline;

s The project costs, NASF, and sources of funds for
repair /renovation and new construction activitics
inidated in 1986 and 1987, and planned for 1988
and 1989;

s The status of the institutions relative to the cap on
tax-exempt bonds (this item is applicable to private
universities and colleges only); and

s A narrative description of the institution’s facilities
nceds and the problems they may be having in
addressing those needs.

Data Collection and Response Rates

In October, 1987 a letter from Mr. Erich Bloch, Director,
NSF, and Dr. James Wyngaarden, Director, NIH, was sent
to the president or chancellor of cach sampled institution,
asking them to participate in the study and to name a
coordinator for the survey. Survey materials were mailed to
the coordinators November 20 through 24, 1987, with a
requested return date of February 1, 1988. The same data
were collected scparately for medical schools. Each
institution identified as having a medical school was sent
two forms: a main institution form for reporting all
programs other than medicine, and a medical school form.
Receipt of the survey materials was confirmed by telephone
during the first week of December. A letter reminding
coordinators of the requested return date of February 1 was
sent 3 weeks prior to the due date. Nonresponse follow-up
was conducted from February 8 through March 15, 1988.

After the questionnaires were edited, additional follow-up
was conducted to resolve questions or problems with the
survey responses. This extensive follow-up was required
because of the complexity of the instrument. In addition,
many unfinished items were completed during this data
retrieval process.

After data collection, additional site visits were conducted,
during which NSF and contractor staff members met with
survey respondents to discuss the questionnaire,
interpretation and reliability of the data provided, and the
survey procedures. The purposes of these visits were to (1)
obtain information about the data provided to assist in the
analysis of the findings, and (2) to obtain information that
could be used in planning for the 1990 survey.

The overall response rate for the survey was 90 percent for
the main institution form, and 89 percent for the medical
school form. As table A-2 indicates, response rates were
quite high for all categories. None of the institutional
categories achieved response rates of less than 86 percent.
Response rates for public and private institutions were
similar for this survey. Finally, while the non-doctorate-
granting institutions have much less research space than
doctorate-granting institutions, both types of institutions
showed an equal willingness to participate, and their
response rates were the same.
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Table A-2.  Academic research faciities survey response rates, by type of

institution: 1968
institution typs Sampie Responses
Number I Percent

Main Questionnaire

Al 244 220 90

Doclorate-granting ................. 172 155 90

Non-doctorate-granting.......... 72 [ 90

PUDBC.........ccccovennennnnnnaesaesenanns 155 140 91

PIIVERS..........cooeeeecnrenennannnenees 89 80 89
Medical School Questionnaire

Al 29 (1) 89

Public 60 53 88

Privede...............ccnenerrerernennees 39 35 90
Historicalty Black Colieges

and Universities ...................... 20 25 86

Item Nonresponse

The level of item nonresponse on the survey was low for all
variables and for most cases. Only 12 of the 308 academic
questionnaires (220 main questionnaires and 88 medical
school forms) were missing responses to more than 10
percent of the 340 items on the questionnaire; 73 had
missing values on 10 percent (34) or less of the items, and
56 had missing values on 10 variables or less.

For any given item, the number of missing values was very
low. Those with the highest number of missing values were
the totals for repair /renovation or new construction costs or
square footage. This is because the total must be a missing
value if any of the eleven disciplines which comprise the
total is a missing value. The square footage variables for
renovation were somewhat more likely to be missing than
the dollar amounts, and as a result, the totals for renovated
square feet had the highest level of item nonresponse. The
variable with the highest percentage missing was total
square footage for renovation for 1988 and 1989, with a 9
percent nonresponse rate. Nearly all other variables had
missing values of 4 percent or less.

Missing values were imputed using a "hot-deck” imputation
method, in which data are sorted on relevant variables (e.g.,
sample stratum and R&D square feet) to select donors for
the missing values. Following the imputation of missing
values, cases for which any item had been imputed were re-

cdited for range or logic errors. Because the selected donor
cases were those closest to the recipients (missing value
cases) in the discipline being imputed, a recipient might
have more than one donor (e.g., one for engineering and
another for psychology). Correlation matrices were
produced for imputed and unimputed data to ensure that
the usc of multiple donors did not have any significant effect
on the interrelationships between disciplines. No significant
differences in these relationships resulted from the
imputation process.

Weighting

Following the completion of data collection, the data were
weighted to generate national estimates. The weighting was
accomplished by multiplying the base weight, which is the
inverse of the probability of selection, by the nonresponse
adjustment. The nonresponse adjustments were computed
scparately by sample stratum, and for main and medical
school questionnaires to provide accurate estimates.

Reliability of Survey Estimates

The findings presented in this report are estimates based on
the described sample, and, conscquently, are subject to
sampling variability. If the questionnaire had been sent to a
different sample, the responses would not have been
identical; some figures might have been higher, while others
might have been lower. The standard error of a statistic (an
estimate of the sampling variation) is used to estimate the
precision of that statistic obtained in a particular sample. If
all possible samples were surveyed under similar conditions,
intervals of 1.96 standard errors below to 1.96 errors above
a particular statistic would include the average results of
these samples in 95 percent of the cases. An interval
computed in this way is called a 95 percent confidence
interval. Coefficients of variation for selected questionnaire
items are presented in table A-3. The coefficient of
variation, a measure of relative error, is obtained by dividing
the standard error of the estimate by the estimate itself.

Data Considerations

An additional factor in the possible errors involved in survey
responses relates to nonsampling error. This type of error
includes those resulting from reporting and processing of
data. In this survey, extensive follow-up with respondents
was used to ensure that the data were as accurate as

possible.
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Table A-3.  Coefficients of variation for selected estimates* from the NSF survey of academic research facllities: 1988

Variable Estimate Coefficient
of Variation
Total research square footage (in thousands)
ALt ntnn st b e ettt 8 st R RS R ER S R e ettt bttt bt baens 113,588 2713
DOCIOTSO-GPANUNG .......covrrvsrsesns srsmisisssssstssessestssssmramnemssmossssssssmenssestsssesssesmess 109,018 2927
NON-AOCIOMIS-GIANHNG ......cvvvvniuiiiiintinrissis sttt ans e mssbessessns st besmstres benssas 4,570 9.743
PUDHIC. .ccc0 et anrinsinusmnssiunssminsnssssnsissinassesssetssssssssssmanses s st s stasssssts sessat s sasneseses stssesessns 83,175 2332
Private 30,413 5.383
Bolow 10D 501N RED............ooviimnininmni i s arssmssssasss st sssassms sssssecsmsscsssons 57,086 3.754
Total repair/renovation costs: FY 1986-87 (in millions)
AL s ettt Rt bt e sE s s se st E R s enae b et b bR epates $863 8.443
Doctorate-granting 818 8.502
NON-COCLOTMUO-GIRIING ....vecoevueserrenecrrussseneisssssnstesnssssssons ssssssssssemssssesesenes 45 17.551
PUDIIC ..ot vermsimsinntcssinssnnsississsatsnns st it st es st s sss s assasss st e s stssstaes sttssnmsesseoenssenstssnsens 439 9.021
PHVAE....... .ot s s s sans s ans s b ebens ssestee 424 9.226
Below t0p 50 In RED.......ccinmmincmnimmimissnasissisn st ssssmasssesssetesss 423 14,782
Total new construction costs: 1986-87 (in millions)
Al i, st e bssaeessssnans $2,063 5.180
Doctorate-granting...............cvvue 1,900 5.640
NON-OCLOrBIO-GrANTING .....cc.ocuvnurererctsismissttsatstssnsnsa st s o b seasesosstntesstesstessenstresmans 163 11.473
Public..... e r LR e et b st Shre b set saresbesb et atren 1,364 2915
Private.........ccococcnnvcrnnennennnnns L oA et RE et e bR bR et et e eR st ae S80S st r et enes 699 13.504
BOIOW 0P 50.....uuiuuiieriniircsereccstessnectecstnatssattestate sessasssessassssasstesssssas sesssssns ssbssssets ssebecesssstenees 875 9.323
Total repair/renovation costs: 1968-89 (in millions)
ALttt ettt bt st sne R st s b et eS8 se s seer et seeeersenn b apms s$777 8.007
DOCIOMM®-GraNtiNg...........c..oounsmeiiteeenceeriestteceateassensstens st tesssss serssssssssstssenstesenes 741 6.208
Non-doctorate-granting 36 67.751
Public ...... 445 10.740
PUVAE .cooooret ettt sttt bbbt et et beseretene st st 332 7.320
BOIOW tOP 5D.......ccictueetsiiassteceenreneettannnestttsssssssseste casessssstesssssstsssenss setbseestosorsstoss 332 14.553
Total new construction costs: FY 1988-89 (in millions)
ALttt sttt e sttt st bttt atssstsss sssess sasssssmssssssresen seerenns $3,399 3.753
Doctorate-granting.... et s e S Sttt st sasea b esesae 3,291 4.046
NON-COCIOTAIO-QIANTING .....covvieirieecctienseitenines crreseetaictereecmsaseeseesneeseeesssasersssstessssssssssressonm soessess 108 27.156
PUDIIC........cutitiniisststnesctecn et tinst st ssssssstassesssss e tsasesstbasstasesssencesassest eceensenssntosensenesseomas 2,118 4.647
PHIVEEB...c.uvurutinntnsensiniect ettt st s srs st ab st s st e eseceresesseerssssetisaestensossmmossssems oo sem s 1,282 7.402
BIOW 10D 50 I RBD .......onortrieetean s s sesensteeeenesos tass st sssss s s oot s er s taees e eeeoese 1,542 7.548
Condition of Research Facliities (pct. of space)
Suitable for the most highly
developed and scientifically
SOPNISHCALOA TOBBAICH .........oucovecrtrtreeeesteneescee et testses eeesestesssetssstassens sovosssses 24% 3.170
EHOCHIVE fOF MOBE PUIPOBBS........oocutrerctiererac s itns rbsetenne bt ceesseesessesesse st et esstessssesst s 3% 1.405
Requiring limited repair or
FONOVRLION ......ooocvntiinctctstinc s sescttis e tens s et st ssss s ssass sesss st sssssentenseertataet veetesstosasens 24% 1.982
Requiring major repair or
TONOVEHON ....ovctriinunitisnsctste i st tb st osttas sttt s sbat st ses s s b s et eabeses s eeeen 16% 1.705

*Coefficients of variation are not presented for top 50 R&D institutions or for historically black  “sges and universities. Because all of these
cases were seiected with certainty, there is no sampling error associated with the estimates.
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Research Square Footage. The definition of organized
research, as specified in OMB Circular A-21 (the form used
for calculation of indirect costs) was used in this survey.
That definition is as follows: "Organized research means all
research and development activities of an institution that are
separately budgeted and accounted for. It includes: (1)
Sponsored research means all research and development
activities that are sponsored by Federal and non-Federal
agencies and organizations... (2) University research means
all research and development activities that are separately
budgeted by the institution under an intemal application of
institutional funds.”

The definition used does not include department research
which is not separately budgeted and accounted for; as a
result, it underestimates the total amount of research space.
Discussions with institutions during the 1986 survey and the
pretest phase of the current survey indicate that most
institutions count s;\~ce used for departmental research as
instructional space, and that reporting such data would be
difficult and time-consuming for the institutions. Follow-up
calls during the 1986 survey indicated that the A-21
definition includes from 70 percent to 100 percent of the
research space at most doctorate-granting institutions.

Institutions’ facilities recordkeeping systems vary
considerably. In general, public institutions are more likely
than private ones to have central computerized facilities
inventories that allow more accurate reporting of square
footage data. Larger private institutions, however, generally
do have such systems, often based on space surveys
conducted specifically for OMB Circular A-21. Those
institutions with smaller research programs do not calculate
square footage for OMB Circular A-21, and are less likely
to include estimates of the square footage used for
organized research in their records. In such cases, the
institutions estimated the data for this survey. Table A-4
shows the distribution of sources uscd by the institutions to
report square footage. The percentages sum to more than
100, since some institutions used more than one source in
compiling the information.

Capital Projects Involving Research Facilities. Relatively
few institutions maintain information on repair, renovation,
and construction projects that relate specifically to research
facilities. Many capital projects involve both research and
nonresearch space. As a result, institutions had to estimate
the proportion of a given project that was related to
research facilities when the project was not exclusively for
research. A guideline for this purpose was included in the

Table A-4. Sources of square foolage data: 1988

Source Percent
A7 Space survey...... 32
A-21 propoitional calculation

based on R&D salaries and wages 3
Faclities inventory based on Faciiities

7

Faciiities inventory not based on FICM 28

Other source. 27

Note: "Other sources® inciuded departmental surveys conducied specifically
for this study, reviews of university or college architectural drawings
or plans, and other methods.

questionnaire instructions as follows: For multi-purpose
facilities, prorate the costs to reflect the proportion of R&D
space involved in the projects (e.g., if 20 percent of the space
involved is used for organized research, report 20 percent of
the total project completion costs).

Some projects, such as whole-building renovations or new
construction, may take more than one year to complete, and
cther projects may overlap fiscal years. The projects were
allocated to the year in which construction activity began or
will begin (¢.g., groundbreaking).

Because institutions use different dollar values to identify
"major projects,” this survey established a guideline to
ensure consistency of reporting. Projects with costs of
$100,000 or more associated with R&D facilities were
included.

Condition and Adequacy of Research Facilities. A number
of respondents stated that reports of the condition of
facilities and the adequacy of sclected aspects of facilities
are, by their very nature, subjective. Two persons may have
different asscssments of the same facility, or different
opinions of what is required in order for a facility to be
suitable for a particular type of rescarch. Despite the
subjectivity involved, these items do capture an overall
picture of the current status of facilitics. In addition, a small
number of institutions indicated that it is conceptually
difficult to assess the condition of a research facility without
including instrumentation in that assessment.  Most
respondents, however, indicated that they had no such
problem, and were able to report on the condition of the
"bricks and mortar.”
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1986 Research Facilities Survey

This report contains a number of comparisons between the
findings of this su:vey and the 1986 study of academic
research faclities. The two studies do vary in methodclogy,
however, and those variations should be considered when
making such comparisons. This section provides an
overview of the methodology employed in the 1986 study,
and exhibit A-1 provides a summary comparison of the two
survevs.

The 1986 study of academic researc* facilities included two
surveys conducted under the Higher Education Surveys
(EES) system. This smvey system, which was in place at
the time the Congressional mandate for the study was
issued, was used because it presented a viable approach to
obtaining inform:ation by the first reporting deadline.

A mail survey was conducted with the 165 institutions
classified as doctorate-grant'ng in the Higher Education
General Information Survey (HEGIS), the frame from
which the HES panel was sclected. These institutions,
according to HEGIS definitions, include those with a
significant level and breadth of activity in, and commitment
to doctoral-level caucation as measured by the number of
doctorate rec.picats and the diversity in doctoral-level
program offerings. Therefore, it does not include all
institutions that award any doctoral degrees. In addition,
some institutions, such as health sciences campuses and
engincering schools, are classified as specialized, ra.her than
doctorate-granting, by HEGIS.

The mail survey collected quantitative information on:

s the total amount of space available for science and
engineering rescarch;

s the tutal costs of repair, renovation and new
construction of research facilities in academic year
1685-86;

s the combinr.d costs of p10jects planned for the next
5 years (th-ough 1971);

s sources f funds for repair, renovation, and new
construc’ion; and

s the age i ~esearc facilities since construction or
the mest rece at major renovation.

In the maj! survey, data were collected for science and
engineceriug research facilities as a whole, and not for

specific disciplines. A response rate of 83 percent was
obtained for the nail survey.

A telephone survey was conducted with 80 :esearch
administrators and 173 deans representing 318 S/E
programs at a subset of the same institutions included in the
mail survey. The survey collected reports from the
respondents concerning the condition of research facilities,
the need for additional rescarch space, probiems they may
have had in addressing facilities needs, and the effect of
facilities needs on their research programs. The telephone
survey achieved a response rate of 98 percent for both
rescarch administrators and deans.

This report contains no comparisons of the responses of
academic officials on the condition of research facilities for
the 1986 and 1988 surveys due to differences in the items.
The 1986 respondents were asked to sclect one of four
condition categories (excellent, good, fair, or poor) that best
described the facilities in cach science or engineering field
at their institutions. By comparison, the 1988 survey asked
that the spacc available for each discipline be allocated
across four categories: (A) suitable for the most highly
developed and scientifically sophisticated rescarch in the
field; (B) effective for most purposes, but not applicable to
category A; (C) effective for some purposes, but requiring
limited repair or renovation to be used effectively; and (D)
requiring major repair or renovation to be used effectively.

The adecuacy of rescarch space variable differs somewhat
petween the surveys. In 1986, respondents were asked
whether the amount of available research space was "more
than '..eded,” "about the right amount" or "less than
needed.” In the 1988 survey, respondents were asked
whether the amount was "adcquate,” "generally adequate,”
or "inadequate.”

The questions dealing with capital projects also differ
somewhat. In 1986, repair and renovation were reported
scparately, while in 1988, these categories were combined.
Also, in 1986, institutions were asked to report "major”
projects. In 1988, a dollar cut-off was included -- projects
with costs associated with R&D facilities of $100,00 or more
were included.

In the 1986 survey, four categories of funding sources were
used: Federal, State, private, and tax-exempt boaus.
Institutional funds, "other debt" and "other" sources were
not separate categories in that survey. For this reason, the
percentages of funding from cach source are not dJirectly
comparable for categories other than Foderal and tax-
exenpt bonds.
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Exhibit A-1

Comparison of Mctnodological Aspects
of the 1986 and 1988 Research

Facilities Surveys
ASPECT 1986 APPROACH 1988 APPROACH COMPARABILITY
Sample 165 doctorate-granting, 244 doctorate- and non- Top 50 only comparable
(HEGIS classification) doctorate-granting group
D~ta collection Mail survey and Mail survey
approach telephone survey
Questionnaire
items:
S/E NASF N/A Total & discipline Not comparable
S/E R&D NASF Total Total & discipline Total comparable
Leased R&D NASF N/A Total Not comparable
Temporary R&D N/A Total Not comparablie
NASF
Source of R&D N/A Source asked Not comparable
NASF data
Condition of Four condition categories, | Four condition categories, Not comparable
R&D facilities one ck ice per discipline percent of NASF in each
category, by discipline
Adequacy of sclected Amount of space Amourt of space Comparability limited
aspects of facilities Data communications Not comparable
Power systems Not comparable
HVAC Not comparable

Air decontamination
Toxic waste disposal

Not comparable
Not comparable




Exhibit A-1 (continued)

ASPECT 1986 APPROACH 1988 APPROACH COMPARABILITY
Cost of R&D Used term "major” without | Included projects with
capital projects further definition costs of $100,000 or more
Repair, 1986 Repair/renovation, 1986
Renovation, 1986
Comparable for top
New construction, 1986 New construction, 1986 50 in average cost;
> not comparable
Repair, 1987-91 Repair/renovation, 1987 for percent of institu-
tions with repair/
Renovation, 1987-91 renovation,
construction
New construction, 1987-91 | New construction, 1987
Repair /renovation, 1988-89
New construction, 1988-89
NASF of R&D Not asked All projects Not comparable
capital projects
Sources of funds for Federal, State, private, Federal, State, private, Comparable for percent
capital projects tax-cxempt bonds institutional, tax-exempt Federal and percent
bonds, other debt, other financed with tax-
exempt bonds
Status on tax-exempt Not asked Asked Not comparable
bond limit
Py <
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APPENDIX B
LIST OF SAMPLED INSTITUTIONS




Public, Doctorate-granting Institutions

University of Alaska at . airbanks AK
University of Alabama at Birmingham AL
University of South Alabama AL
Auburn University AL
University of Arkansas at Fayetteviiie AR
University of Arkansas Medical Sciences Campus AR
University of Arizona AZ
San Diego State University CA
University of California at Berkeley CA
University of California at Davis CA
University of California at Irvine CA
University of California at Los Angeles CA
University of California at Riverside CA
University of California at San Diego CA
University of California at San Francisco CA
University of California at Santa Barbara CA
University of California at Santa Cruz CA
Colorado State University co
University of Colorado Cco
University of Connecticut CT
University of Delaware DE
Florida State University FL
University of Florida FL
Medical College of Georgia GA
University of Georgia GA
Georgia Institute of Technology GA
University of Hawaii at Manoa HI
Iowa State University of Science and Technology IA
University of Iowa IA
University of Idaho ID
Southern Illinois University at Carbondale IL
University of Illinois at Urbana IL
University of Illinois at Chicago IL
Indiana Uaiversity IN
Purdue University IN
Kansas State University KS
University of Kansas KS
University of Kentucky KY
Louisiana State University LA
University of Southwestern Louisiana LA
University of Massachusetts at Amherst MA
University of Maryland Baltimore Professional Schools MD
University of Maryland Baltimore County MD
University of Maryland at College Park MD
University of Maine at Orono ME
Michigan State University

Wayne State University

University of Michigan




University of Minnesota
University of Missouri System Office
University of Missouri at Columbia

Mississippi State University

University of Southern Mississippi

University of Mississippi

Montana State University

East Carolina University

North Carolina State University at Raleigh
University of North Carolina at Chapel Hill
University of North Dakota

University of Nebraska at Lincoln

University of Nebraska Medical Center at Omaha
University of New Hampshire

Rutgers, the State University of New Jersey
New Mexico Institute of Mining and Technology
New Mexico State University

University of New Mexico

SUNY Health Sciences Center at Brooklyn
SUNY at Binghamton

SUNY Health Sciences Center at Syracuse
SUNY at Buffalo

SUNY at Stony Brook

University of Nevada at Reno

Cleveland State University

Northeast Ohio University College of Medicine
Ohio State University

Ohio University

University of Cincinnati

Wright State University

University of Akron

University of Oklahoma

Oregon State University

Pennsylvania State University

University of Pittsburgh

University of Rhode Island

Clemson University

Medical University of South Carolina

University of Tennessee Center for Health Sciences

Lamar University

Texas A & M University

Texas Tech University

University of Texas System Cancer Center
University of Texas at Austin

University of Texas Health Sciences Center at San Antonio
University of Texas Health Sciences Center at Dallas

University of Texas at El Paso

University of Texas Medical Branch at Galveston
University of Utah

Utah State University

Virginia Commonwealth University
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University of Virginia VA

Virginia Polytechnic Institute & State University VA
University of Vermont and State Agricultural College vT
University of Washington WA
Washington State University WA
University of Wisconsin at Madison w1
University of Wisconsin at Miiwaukee w1
West Virginia University wv
University of Wyoming wY
Private, Doctorate-granting Institutions

California Institute of Technology CA
Loma Linda University CA
Stanford University CA
University of Southern California CA
Claremont Graduate School CA
Yale University CT
George Washington University DC
Georgetown University DC
Howard University DC
Nova University FL
University of Miami FL
Atlinta University GA
Emory University GA
Mercer University GA
Morehouse School of Medicine GA
Illinois Institute of Technology IL
Northwestern University IL
University of Chicago IL
University of Notre Dame IN
Tulane University LA
Boston College MA
Boston University MA
Brandeis University MA
Harvard University MA
Massachusetts Institute of Technology MA
Tufts University Me.
Woods Hole Oceanographic Institute MA
Worcester Polytechnic Institute MA
Johns Hopkins University MD
Washington University MO
St. Louis University MO
Albany Medical College NY
Duke University NC
Dartmouth College NH
Princeton University NJ
Columbia University Main Division NY
New York Medical College NY




New York University NY
Polytechnic University NY
Rensselaer Polytechnic Institute NY
Rockefeller University NY
St. John’s University NY
University of Rochester NY
Yeshiva University NY
CUNY Mt. Sinai School of Medicine NY
Cornell University NY
Syracuse University NY
Case Western Reserve University OH
University of Dayton OH
Carnegie-Mellon University PA
Hannemann University PA
Thomas Jefferson University PA
University of Pennsylvania PA
Brown University RI
Meharry Medical College N
Vanderbilt University TN
Southern Methodist University TX
Texas Christian University TX
Baylor College of Medicine TX
Marquette University wI
Medical College of Wisconsin wI
Public, Non-doctorate-granting Institutions

Alabama A & M University AL
University of Arkansas at Pine Bluff AR
Arkansas State University AR
California State University at Chico CA
San Francisco State University CA
California State University at Fullerton CA
San Jose State University CA
University of the District of Columbia DC
Florida A & M University FL
University of West Florida FL
Albany State College GA
Western Illinois University IL
Kentucky State University KY
Murray State University KY
Grambling State University LA
McNeese State University LA
Southern University and A & M College LA
Southeastern Massachusetts University MA
University of Massachusetts at Boston MA
Morgan State University MD
University of Maryland Eastern Shore MD
Eastern Michigan University MI




|
|
Moorhead State University MN
Jackson State University MS
Mississippi Valley State University MS
Alcorn State University MS
North Carolina Agricultural and Technical State University NC
North Carolina Central University NC
University of North Carolina at Charlotte NC
CUNY Brooklyn College NY
SUNY College at Buffalo NY
SUNY College at New Paltz NY
University of Nevada at Las Vegas NV
Youngstown State University OH
Lincoln University PA
Edinboro University PA
South Carolina State College SC
Tennessee State University TN
Southwest Texas State University TX
Prairie View A & M University X
University of Houston at Clear Lake TX
Texas Southern University TX
James Madison University VA
Virginia State University VA
Norfolk State University VA

Private, Non-doctorate-granting Institutions

Tuskegee University
Harvey Mudd College
Pomona College
Occidental College
Colorado College
Gallaudet University
Rollins College

Lake Forest College
Drake University
Grinnell College
Dillard University
Wellesley College
Williams College
Wentworth Institute of Technology
Augsburg College
Canisius College
Barnard College
Vassar College
Xavier Un.versity
Pacific University
Haverford College
Saint Joseph’s University
Swarthmore College




Fisk University

Middlebury College

Walla Walla College

Lawrence University

Milwaukee School of Engineering

Alabama A&M University

Tuskegee University

University of Arkansas at Pine Bluff
Howard University

University of the District of Columbia
Florida A&M University

Albany State University

Atlanta University

Morehouse School of Medicine
Kentucky State University

Dillard University

Grambling State University

Southern University and A&M College
Morgan State University

University of Maryland-Eastern Shore
Alcorn State University

Jackson State University

Mississippi Valley State Univ-rsity
North Carolina Ag and Tech University
North Carolina Central University
Lincoln University

South Carolina State College
Tennessee State University

Fisk University

Meharry Medical College

Prairie View A&M University

Tenas Southern University

Virginia State University

Norfolk State University

EEE57

Historically Black Colleges and Universities

AL
AL
AR
DC
DC
FL

GA
GA
GA
KY
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FACILITIES REQUEST AND APPROVAL PROCESS

Many colleges and universities are removating existing
rescarch facilities or constructing new space in an attempt
to address their problems with the condition and adequacy
of research facilities described in Chapter 5. During the site
visite for this survey, a great dez! was learned about the
request and approval process by which this is accomplished.
In addition, many institutions responded to the survey
request for descriptions of their facilities approval process.
This chapter reviews the general process by which capital
projecis are requested and approved.

While some institutions’ facilitics project approval process
can best be described as “catch as catch can,” in the words of
one respondent, most universities and colleges do have a
system in place for processing these requests and some
others are starting to adopt a more formal system.

In general, facilities requests originate at the department
level and are referred to the appropriate dean who reviews
these requests and determines the relative need or priority
for each, and may climinate some requests. The dean then
refers the approved requests to the next level, which may be
a facilities planning committee, an administrative officer for
facilitics or capital planning, or a provost. Larger
institutions were more likely to indicate that they had an
internal planning committee, in addition to an
administrative officer, whereas smaller institutions tended
to refer the requests solely to an administrative officer.
Projects approved at this level are then referred to the
president/chancellor level for approval, prior to submission
to a Board of Regents or Trustees.

An additional step of system-level approval may be required
for institutions which are part of a multi-campus system.
For public institutions, this institutional approval process is
followed by State legislature review for larger projects; the
dollar amount of projects which need legislative approval
varies from State to State. In some cases, there are two
"final" stages of approval for large projects: the first is
“"concept approval,” whch results in the allocation of
planning funds; when plans are completed, "project
approval" is given and the project can be initiated.

Institutional policies vary in the total cost of projects that
must go through this entirc approval. Many smaller
projects (e.g., those costing less than $100,000) may not
require approval if they can be accommodated within
guidelines established for the use of institutional operating
funds. However, if the projects exceed this level, or if the
project will be funded with outside monies, the approval
process is required at most institutions.

Although this general process is in effect at most of the
institutions visited, and is consistent with many of the
descriptions provided in survey responses, it may be very
formal at .ome institutions, and very informal at others.
Also, the specific levels of appioval vary among insiituiions,
as does the meaning of cach level of review. For example,
the dean’s approval at some institutions indicates that the
dean has reviewed requests from principal investigators and
department chairs and has eliminated some projects that
were not considered necessary, or not of the high priority
that is given other needs, or could not be approved because
of fiscal constraints. This means something very different
from the same approval level in an institution where a dean
reported that he would "never fail to pass on a request from
« department chair." Another example of the variation in
what cach approval level means: at one site-visit institution,
it was stated that the president would not recommend a
project to the Regents unless he knew in advance that it
would be approved.

The approval of the Board of Regents has different
meanings at different institutions, as well. At public
institutions, projects approved by the Board of Regents
usually go on to the State legislature for further approval
and appropriation of funds. At some private institutions,
the Board of Regents will not usually approve a project
unless the funding (or a majority of it) has been secured or
identified.

Information obtaincd during this survey’s site visits indicate
that many requests for facilitics are not approved, or are
delayed, as a result of lack of funds; the large number of
comments concerning deferred maintenance backiogs was
noted in Chapter 5. Other needed renovations or
construction projects are not requested because it is known
(or believed) that funds are not available. Inability to
service additional debt can also be a factor in funding
constraints for capital projects. The following are
comments from institutions that bear on the approval and
funding problem:

»  One can generalize that for 10 such major [facilities]
requests, one or two may be funded. Funding is
always the difficulty and there are never sufficient
resources to satisfy the needs of every faculty
niember. These same academic areas are capable of
flourishing while others may wither and die. (Private,
doctorate-granting university)

s Despite the school’s extensive building and
renovation program underway, there are still millions

(&)




of dollars worth. of renovation projects unfunded.
(Private, doctorate-granting university)
Some projects may be approved for inclusion in an
institution’s budget request or 5-year pian, but the necessary
funding may not be available. As a result, a pumber of
projects may remain in the budget request for a long time
before receiving funding, or may never be funded. When an
institution is successful in obtaining approval and funding
for a rescarch facilities construction project, there can be a
considerable time lag before completion of the facility;
public institutions mentioned this more often than private
universities and colleges.

s Due to State and iocal standard operating
procedures, there is a long period of time between the
contemplation of a building and its occupancy.
(Public, doctorate-granting institution)

s The process of acquiring funds from the State for
facilities is extremely time-consuming (years).
(Public, doctorate-granting institution)

s Over time, projects "float” to the top of the list (or
die). (Public, doctorate-granting institution)

»  The difficulty in meeting these space needs is that the
time to develop new space is considerably longer
than the time available to meet the space needs of
Jfaculty, either newly appointed or currently appointed
faculty. (Private, doctorate-granting university)

Several public institutions mentioned the fact that States
regard some institutions as “flagship" schools with an
emphasis on graduate instruction and research, and others
as serving a primarily instructional function. As a result, the
*non-flagship” schools may have difficuity in obtaining
legislative approval for researchrelated projects. In
addition, when State funds are distributed using a formula
based on enroliment, the system works to the detriment of
smaller institutions with significant research programs,
according to some surv y respondents.

When a facility is built, it does not always meet the space
needs of the institution, perhaps because of budget
constraints that limit the size of the facility which can be
constructed, or because of cost overruns or other factors
that limit the project. Examples of institutional comments
include:

s Having moved into a new building two years ago, it
may seem strange that we have a need for more
research space. However, it must be kept in mind
that our final square footage request was significantly
decreased when the architects incorrectly estimated
the cost of the building. (Public, non-doctorate-
granting institution)

» If additional funding is not obtained [we] will be
able to complete only 80 percent of the project. The
college will essentially have to scale back the project
and thus not be able to complete the major
construction designed to complete the campus
master plan for research. (Public medical college)
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~MB # 3145-0101
kxpires 2/29/90

1987-88 SURVEY OF SCIENTIFIC AND ENGINEERING R&D FACILITIES
AT COLLEGES AND UNIVERSITILS

National Science Foundation
National Institutes of Health

Acting out of concerns raiced by the academic community, Congress directed the National Science Foundation
to collect and analyze data on the availability, condition, need, cost, and funding sources of science and
engineering research and development facilitics at colleges and uriversities. This survey is being conducted in
response to that requirement. Institutions are requested to return the completed survey to:

WESTAT, INC.
1650 Research Blvd
Rockville, MC 20850

This information is solicited under the authority of the National Science Foundation Act of 1950, as amended.
All information you provide will be used for statistical purposes only. Your response is entirely voluntary and
your failure to provide some or all of the information will in no way adversely affect your institution. Where
exact data are not available, estimates are acceptable. Your estimates will be better than ours.

We requested that the president r chancellor of your institution designate an individual to coordinate data
collection for this survey. The name, utle, and address of that person appear below; please correct the iabel if
any of the information is incorrect.

LABEL

If someone other than the person listed above completes this questionnaire, please provide the following
information:

Name Title Telephone No. and ext,

This form should be returned hy February 1, 1988. Your cooperation in returning the sarvey questionnaire
promptly is - “1y impertant,

If you have any questions regarding this survey, please contact Ms. Mary Collins at Westat’s toll-free number
300-937-8281 (800-WESTAT]I), or contact Mr. James Hoehn of NSF at 202-634-4673.

Xaw many person hours were required to vomplete this form?
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DEFINITIONS AND GUIDELINES

RESEARCH AND DEVELOPMENT (R&D)

R&D for purposes of this survey refers to "organized research" as defined in Section B.1.b of OMB Circular A-
21 (revised). "Organized research mweans all research and development activities of an institution that are
separately budgeted and accounted for. It includes: (1) Sponsored research means all research and
development activities that are sponsored by Federal and non-Federal agencies and organizations... (2)
University research means all research and development activities that are separately budgeted by the institution
under an internal application of institutional funds."

R&D FACILITIES

|
|
|
\
|
Us.ng the definition of R&D above, "R&D facilities” refers to the physical plant (¢.g., "bricks and mo.tar,"
research vessels) in which organized R&D activities take place, including building infrastructure (power,
HVAC, etc.), fixed equipment (benches, fume hoods, etc.), and non-fixed equipment costing over $1 million.
Non-fixed equipment costing less than $1 million is not included; these data are gathered in a separate
NSF/NIH survey.

Be sure to report all R&D facilities that are administered by the institution, including facilities thai are leased
or rented by the institution, facilities at branch campuses, agricultural experiment stations, field and mobile
laboratories, etc. Do not include facilities that have been dcsignated as Federally-funded R&D Centers (e.g.,
Brookhaven, Kitt Peak, Fermi, etc.), and do not include facilities that are used by faculty but are not actually
administered by the institution (e.g., research space at VA or other non-university hospitals).

R&D SPACE

R&D space refers to the net assignable square footage (NASF) or space in R&D facilities, within which
organize . R&D activities take place. Specific examples of R&D facilities are;

research laboratories,

controlied environment space such as clean or white rczins,

technical support space such as carpenter and machine shops,

animal quarters including animal production colonies, holding rooms, isolation and germ-free
rooms,

n fixed (built-in) equipment such as fume hoods and benches.

For multi-purpose space such as faculty offices, prorate the space (NASF) to reflect the proportion of use
devoted to organized R&D activity. For example, if a room or building is devoted to R&D activity
approximately 40% of the time, count 40% of the NASF as R&D space.

Net assignable square feet (NASF). The sum of all _ceas on all floors of a building assigned to, or available
for assignment to, an occupant, including every type of space functionally usab.e by an occupant, but not
including custodial, circulation, mechanical, and structural areas, hallways or bathrooms.

P

MAJOP. REPAIRS/RENOVATIONS AND NEW CONSTRUCTION

Rercet all R&D repair/rencvation projects (repair of deteiiorated condition, capital improvement, conversion,
etc.) and new construction projects (addition to an existing bulding, new building) that involve total project
co: ts associated with R&D facilities of $101,000 or more. In. de both structural cos:s and the cost of
as: ociated Infrastructure such as utilities, data communications, etc.. For multi-purpose facu:.ies, prorate the
co t to ref*act the proportion of R&D space involved " . the project (e.g., if 20% of the space involved is used
fo. organized research, report 20% of the total proj2ct completion costs). For multi-year projects, allocate the
ent're project coi‘pletion cost (planning, constriction, fixed equipment) (o the fiscal year in which the
cons‘ruction activity actually began or is expected to begin (e.g., groundbreaking).

e Sa




SCIENCE AND ENGINEERING DISCIPLINES

In order to facilitate comparison of data collected in this survey with that of other NSF and NIH survey data,
w> request that you provide the information in the academic disciplines listed below. The fields listed within
each disciplinz are ILLUSTRALIVE of the science and engineering disciplines. Include all fields within these
discipline areas at your institution, even if not listed as an example here. Use your best judgment in reporting
fields that cross over discipline categories used in this survey. If you are unable to report separately the data
for academic programs, please report the combined data as "Other scierices, n.e.c.”" and indicate in Item 1 what
programs they represent.

See the enclosed crosswalk of NSF-CES program areas for additional detail.

Engineering: Aeronautical and astronautical, agricultural, chemical and petroleum, civil and environmental,
computer, electrical and electronic, industrial and managemeat, marine and ocean, mechanical, metallurgical
and materials, mining, nuclear, and other engineering programs.

Physical Sciences: Astronomy and astrophysics, chemistry (excluding biochemistry), physics {excluding
geophysics), and other disciplinary and multidisciplinary programs within the physical sciences.

Environmenta! Sciences: Atmospheric and earth sciences, aeronomy, geology, geochemistry, geophysics,
. meteorology, oceanography, paleontology, seismology, and other disciplinary and multidisciplinary programs
within the environmentai sciences.

Mathematical Sciences: Algebra, analysis, applied mathematics, toundations and logic, geometry, numerical
analysis, statistics, topology.

Computer Sciences: Design, development, and application of computer capabilities to data storage and
manipulation, information science.

Agricultural Sciences: Agricultural chemistry, agronomy, animal science, dairy science, forestry, horticulture,
rang: science, wildlife.

Biological Sciences:  Anatomv, biochemitry, biophysics, biogeography, botany, ecology, embryology,
entomology, genetics, immunology, marine biology, microbiology, nutrition, parasitology, pathology,
pharmocoiogy, physiology, zoclogy, veterinary biology.

Medical Sciences: Aresthesiology, cardiology, dentistry, endocrinology, gastroenterology, hematology,
neurology, obstetrics, oph:halmology, pharmacy, preventive medicine and community health, psychiatry,
radiology, surgery, veterinary medicine', and other health sciences.

Psychology: Animal behavior, clinical, educational, experimental, human development and personality, social.

Social Sciences: Anthropolosy, economics, history of science, linguistics, political science, socioeconomic
geography, sociology.

Other Sciences, n.e.c. (not elsewhere classified): To be used when the multidisciplinary and interdisciplinary
aspects make the classification under one primary field impossible.

Institutions with schools of ~eterinary medicine should distribute R&D facilities data among the appropriate disciplines (agricultural,
biological, and medical sciences) rether than orly ir. medical sciences.

) e
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ITEM 1A. PRESENT AVAILABILITY OF R&D FACILITIES
IN THE SCIENCES AND ENGINEERING, BY DISC:PLINE

a In column 1 below, please report the total net assignable square feet (NASF) in science and engineering
(S/E) disciplines available at your institution. Include space leased by your institution.

a In column 2, report net assignable square feet devoted to R&D in S/E disciplines, using the definition of
organized research provided on page 2 as the basis for your numbers. Include space leased by your
institution.

NASF Used
Disciplines Total NASF For R&D

Total, S/F Facilities

Engineering

Physical Sciences

Environmental Sciences

Mathematics

Computer Science

Agricultural Sciences

Biological Sciences

Medical Sciences

Psychology

Social Sciences

Other Sciences, n.e.c.

Please specify below the disciplines included in "Other sciences. n.e.c.”




ITEM 1B: LEASED R&D SPACE

Please indicate the net assignable square feet of R&D space reported in Item | which is leased by your
institution.

NASF leased R&D space

ITEM 1C: TEMPORARY R&D FACILITIES

Please indicate the net assignable square feet of R&D space reported in Item | which is housed in facilities
such as trailers, quonset huts and other temporary buildings.

NASF temporary R&D facilities

ITEM 1D: SOURCE OF SQUARE FOOTAGE DATA

Pleass indicate the source and yesr of data on square feet of R&D space.

I A-21 SPace SUIVEY.......coeeeceeiereemesreeseenenenseneseesesse YEAR _
I__J A-21 proportional calculation based on
R&D salaries and wages...........ccocuererevenerererenns .. YEAR____
I__J Facilities inventory based on Facilities
Y ificati (FICM).......... YEAP.
i_J Facilities inventory not hased on FICM.................. YEAR

I__J Other (specify)




ITEM 2. PRESENT CONDITION OF RESEARCH AND DEVELGPMENT FACILITIES

Please indicate the percentage of research facilities reported in Item 1 that falls into each category defined
below. Rate the condition of facilities based on the type of research currently conducted in the facility. Do
not include non-fixed research instrumentation costing less than $1 million in your consideration of the status
of research facilities in S/E disciplines.

A -- suitable for use in the most highly developed and scientifically sophisticated research in its field
B -- effective for most purposes but not applicable to category A

C -- effective for some pur} ses but in need of limited renovation or repair

D -- requiring major repair or renovation to be used effectively

Engineering Physical Scierces Environmental Sciences

A A
B B
C C
D D
TOTAL TOTAL

Computer Science Agricultural Sciences

A
B
C
D
TOTAL

Medical Sciences

A
B
C
D
TOTAL

Other Sciences, n.e.c.




ITEM 3: ADEQUACY OF SELECTED ASPECTS OF R&D FACILITIES

Please rate the adequacy of your R&D facilities to support your current research program in terms of the
aspects of the facilities indicated in each column heading. Assign ratings as follows:

o

Adequate -- sufficient to support all the needs of your research in the discipline

2 Generally adequate - sufficient to support most research needs in the discipline, but may have
some lim:tations

Inadequate -- not sufficient to support the needs of your research in the discipline
Nonexistent, but needed

Inapplicable or not needed

w» b w

NOTE: The assessment of facilities for toxic waste disposal should be made by your institution’s
bio-safety officer, and should focus on buildings (facilities) and not movable equipment or process.

Data Air Toxic
Amount of Communication Power Building decontamination Waste
S/E Discipline R&D Space Systems Systems HVAC (e-g-» fume hoods) Disposal

Engineering

Physical Sciences

Environmental
Sciences

Mathematics

Computer Science

Agricultural
Sciences

Biological
Sciences

Medical Sciences

Psychology

Social Sciencas

Other Sciences
n.e.c.
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ITEM 4A. R&D FACILITIES PRUJECTS: FY 1986

Please provide the project completion costs (in thousands) for repair/renovation and new construction of R&D
facilities on which construction was started (e.g., groundbreaking) during your institution’s Fiscal Year 1986.
Include both structural costs and the cost of associated infrastructure such as utilities, data communications,
etc. Provide an estimate of the R&D space (net assignable square footage) involved.

Before completing this item, please review the definitions on page 2.

Repair/Renovation New Construction

Project Cost Project Ccst
Disciplines (in thousands) NASF (in thousands) NASF

S/E R&D FACILITIES

Total

Engineering

Physical Sciences

Environmentai Sciences

Mathemsitics

Computer Science

Agricultural Sciences

Biological Sciences

Medical Sciences

Psychology

Social Sciences

Other Sciences, n.e.c.

S0
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ITEM 4B. SOURCES OF FUNDING FOR R&D FACILITIES
PROJECTS: FY 1986

Please indicate the planned sources of funding for the

research facilities listed in the first row of Item 4A

each category.

permanent finaucing of the total project costs for S/E

(previous page) by reporting the percentage of funding in

Sources

Repair/Renovation

New
Construction

Federal government
State/local government
Private donation

Institutional funds

(operating funds, er.dowments,

etc.)

Debt Financing
Tax-exempt bonds

Other debt

Other*

Total = 100%

R

R R R

Total = 100%

R R R X

*Please specify the "other funding sources" below:




ITEM 5A. R&D FACILITIES PROJECTS: FY 1987
Please provide the project completion costs (in thousands) for repair/renovation and new construction of R&D
facilities on which construction was started (e.g., groundbreaking) during your institution’s Fiscal Year 1987
Include both structural costs and the cost of associated infrastructure such as utilities, data communications,
etc. Include an estimate of the R&D space (net assignable square footage) involved.
Before completing this item, please review the definitions on page 2.
Repair/Renovation New Construction
Project Cost Project Cost
Disciplines (in thousands) NASF (in thousands) NASF
S/E R&D FACILITIES

Total

Engineering

Physical Sciences

Environmental Sciences

Mathematics

Computer Science

Agricultural Sciences

Biological Sciences

Medical Sciences

Psychology

Social Sciences o

Other Sciences, n.e.c.

S
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ITEM 5B. SOURCES OF FUNDING FOR R&D FACILITIES
PROJECTS: FY 1987

Please indicate the planned sources of funding for the permanent financin
research facilities listed in the lirst row of Item 5A (previous page) by reporting the percentage of funding in

each category.

g of the total project costs for S/E

Sources

Repair/Renovation

New
Construction

Federal government
State/local government
Private donation

Institutional funds

(operating funds, endowments,

etc.)

Debt Financing
Tax-exempt Bonds

Other debt

Other*

Total = 100%

R £ R R

Total = 100%

R R R R

*Please speciry the "other funding sources” below:

D-13




ITEM 6A. PLANNED R&D FACILITIES PROJECTS: FY 1988 AND 1989

Please provide the project completion costs (in thousands) for repair/renovation and construction of R&D
facilities on which construction will be started (e.g., groundbreaking) during your institution’s Fiscal Years
1988 and 1989. Include both structural costs and the cost of associated infrastructure such as utilities, data
communications, etc. Provide an estimate of the R&D space (net assignable square footage) involved.

Before completing this item, please review the definitions on page 2.

Repair/Renovation New Construction
Project Cost Project Cost
Disciplines (in thousands) NASF (in thousands) NASF

S/E R&D FACILITIES

Total

Engineering

Physical Sciences

Environmental Sciences

Mathematics

Computer Science

Agricultural Sciences

Biological Sciences

Medical Sciences

Psychology

Social Sciences

Qther Sciences, n.e.c.

D
N .
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ITEM 6B. SOURCES OF FUNDING FOR PLANNED R&D
FACILITIES PROJECTS: FY 1988 AND 1989

|
|
Please indicate the planned sources of funding for the permanent financing of the total project costs for S/E

research facilities projects listed in the first row of Item 6A (previous page) by reporting the percentage of
funding to be obtained from each source.

Sources Repair/Renovation New Construction

Total = 100% Total = 100%

Federal government
State/local government

Private donation

R R R R
R R R R

Institutional funds
(operating funds, endowment,
etc.)

Debt Financing
Tax-exempt bonds

Other debt
Other*

*Please specify the "other funding sources" below:




ITEM 7: LIMIT ON TAX-EXEMPT BONDS

Recent tax reform legislation established a lir  on tax-exempt bonds of $150 million per private institution.
Has your institution reached the limit on tax-e. .mpt bonds?

I__] Yes

|_] No, but expect to within next two fiscal years
|__] No, and do not expect to within next two fiscal years
|_|] Not applicable

ITEM 8: RESEARCH FACILITIES NEEDS

Please use the remaining space to discuss the research facilities needs and objectives of your institution over
the next five years. include in your consideration both your current research program and your anticipated
research program. Specific areas of interest include (but are not limited to) the following areas:

1. research facilities needs and objectives, and their relative priority at your institution;

2. the process whereby research facilities needs are identified and met, and any difficulty you
face in meeting these needs;

3. whether your institution has made progress over the past three years in addressing research
facilities needs;

4, needs related to campus-wide facilities or systems which support research.

Please be specific as to whether the needs or problems are general ones or are specific to particular disciplines.

o
.




APPENDIX E
DETAILED STATISTICAL TABLES

L
'
By



LIST OF APPENDIX TABLES

g

Table

21 Number of institutions, total net assignatle square feet (NASF) of space in science/
engincering disciplines, and total NASF used for R&D, by institution
type ard control: 1988 . E-6

22 Number of institutions with any assigned space in science/engineering disciplines
and number with any assigned R&D space, b discipline and institution type: 1988........... E.7

23 Total net assignable square feet (NASF) of space in science/engineering
disciplines, and total NASF used for R&D, by discipline and institution
type: 1988..... E-8

24 Percent of total net assignable square feet in science/engincering used for
organized research, by highest degree granted, control, and R&D expenditures
rank: 1988 E-9

25 Amount of scicnce/engineering research space :hat is leased or housed
in temporary facilities, by institution type and control: 1988 E-10

31 Number of institutions starting any projects to construct new science/
engineering R&D space, by institution type and control and year
of project start: 1986-89 . E-11

31a Number of institutions with any R&D-related new construction starts in 1986
or 1987, and number with any actual or planned construction starts in the four-
year period 1986-89, by discipline and institution type E-12

32 For projects to construct new R&D space, estimated net assignable square
feet (NASF) of R&D space to be created and estimated total cost of the
construction of this R&D space, by institution type and control and year
of project start: 1986-89 E-13

33 Number of institutions starting any projects to construct new science/
engineering R&D space, by discipline and year of project start: 1986-89.........cccc. cvvssennsec E-14

34 For projects to construct new R&D space, estimated net assignable square feet
(NASF) of R&D space to be created, and estimated total cost of the construction
of this R&D space, by discipline and year of project start: 1986-89 .. E-15

35 Number of institutions performing major 2pair/renovation of science/
engineering R&D facilities, by institution type and control and year: 1986-89 .........cccceeeee. E-16

36 For projects to repair /renovate (R&R) R&D space, estimated net assignable
square feet (NASF) of R&D space affected, and estimated total cost of this
R&R, by institution type and control and year: 1986-89 E-17




4-1

4-2

43

4-4

4-5

4.7

4-8

49

4-10

LIST OF APPENDIX TABLES

(Continved)

Number of institutions performing major repair/renovation of science/

enginecring R&D facilities, by discipline and year: 1986-89

For projects to repair/renovate (R&R) R&D space, estimated net assignable
square feet (NASF) of R&D space affected and estimated total cost of this

R&R, by discipline and year: 1986-89

Sources of funds for new construction projects on science/engineering
research facilities started in 1986 and 1987, by highest degree granted,

control, and R&D expenditures rank

Amount of funding from each source for new construction projects on science/
enginecring rescarch facilitics started in 1986 and 1987, by highest degree

granted, control, and R&D expenditures rank

Sources of funds for repair/renovation projects on science/engineering
rescarch facilities started in 1986 and 1987, by highest degree granted,

control, and R&D expenditures rank

Amount of funding from each source for repair/renovation projects on science/
engineering rescarch facilities started in 1986 and 1987, by highest degree granted,

control, and R&D expenditures rank....

Sources of funds for new construction projects on science/engineering
research facilities planned for 1988 and 1989, by highest degree

granted, contral, and R&D expenditures rank

Amount of funding from each source for new construction projects on science/
enginecring rescarch facilities planned for 1988 and 1989, by highest degree

granted, control, and R&D expenditures rank

Sources of funds for repair/renovation projects on science/engineering
research facilities planned for 1988 and 1989, by highest degree granted,

control, and R&D expenditures rank

Amcunt of funding from each source for repair/renovation projects
on science/engineering research facilities planned for 1988 and 1989,
by highest degree granted, control, and R&D expenditures rank

Status of private institutions relative to the limit on institutional tax-exempt

bonds, by highest degree granted and R&D expenditures rank: 1988

Status of private medical schools relative to the limit on institutional tax-
exempt bonds, by R&D expenditures rank: 1988

5

E-4

Page

E-18

E-19

E-20

E-21

E-24

E-25




LIST OF APPENDIX TABLES

(Continued)
Table
51 Current condition of rescarch facilities in the sciences and engineering, by
discipline: 1988
5-2 Percent of research space suitable for use in the most highly developed
and scientifically sophisticated research in its field, by highest degree
granted, control, and R&D expenditures rank: 1988
53 Percent of research space which is effective for most purposes, but not for
the most highly sophisticated rescarch, by highest degrec grantcd, control,
and R&D expenditures rank: 1988
54 Percent of research space which is effective for some purposes, but in need of
limited repair/renovation, by highest degree granted, control, and R&D
expenr’itures rank: 1988
5-5 Percent of research space requiring major repair /renovation to be used
effectively, by highest degree granted, control, and R&D expenditures rank:
TOBB ooeoeeeeeveeeeesessmessesesessssssssssssssssssssssmisssss et s resaRRe SR SRS SRR R R0
56 Adequacy of the amount of research space, by science/engineering discipline: 1988
57 Percent of academic officials rating the amount of research space as inadequate, by
highest degree granted, control, and R&D expenditures rank: 1988.....cccceuceceeerrreeeruionnnnnns
58 Adequacy of data communication systems, by discipline: 1988.....
59 Adequacy of power systems, by discipline: 1988
5-10 Adequacy of heating, ventilation, and air conditioning (HVAC), by discipline:
1988
511 Adequacy of air decontamination (e.g., fume hoods), by discipline: 1988 ........cueccsssssscseec
5-12 Adequacy of toxic waste disposal, by discipline: 1988

160

E-5




R&D, by institution type and control: 1988

Table2-1.  Number of institutions, total net assignable

square feet (NASF) of space in science/engineering (S/E) disciplines, and total NASF used for

Number of
institutions

Total S/E
NASF

Total R&D
NASF

Total

..............................

..................................

Private
Doctorate-granting................coe.useeene

In top 50 in R&D.
Other
Non-doctorate-granting.............cocsouve.

103
19

103

(NASF in millions)

219
2444
106.1
138.3

295

206.4

710
205
674
584
29.1

294
9.0

31

304
289
175
114

15

Note: Details may not sum to totals because of rounding.

Source: National Science Foundation, SRS.
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Table2-2.  Number of institusions with any assigned space in science/engineering disciplines and number with any assigned R&D space, by discipline and

institution type: 1988

Institution type
Doctorate-granting Noa-
o Total doctor‘lte-
Disciplines Top 50 in R&D Other granting
Any S/E R&D AnyS/E R&D Any S/E R&D Any S/E R&D
space space X space space space space space space
Total 54 54 S0 242 242 232 232
Engineering 300 288 4 4 169 168 87 7
Physical sciences 4amn 445 49 48 14 186 229 21
Bavironmental sciences 321 298 43 43 162 158 116 96
Mathematics. 455 318 48 43 193 146 215 129
Computer sciences 427 333 4 40 176 134 207 159
Agricultural sciences 105 97 A A 49 49 32 A4
Biological sciences. 498 469 S0 50 219 202 229 217
Medical sciences 27 256 46 46 157 154 75 56
Psychology an 403 48 46 197 m 226 185
Social sciences. 466 360 49 46 198 m 218 144
Other sciences, n.c.c. 109 94 A 24 63 61 22 9
Note: Details may not sum to totals because of rounding.
Source: National Science Foundation, SRS.
100 <A
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Table 2-3.  Total net assignabie square feet (NASF) of space in science/engineering disciplines, and total NASF used for R&D, by diszipline and institution
type: 1988
Institution type
Doct . Non-
orate-granting
. Total doctorate-
Disciplines Top 50in R&D Other granting

Total R&D Tcial R&D Total R&D Total R&D

NASF NASF NASF NASF NASF NASF NASF NASF
Total 273,851 113588 106,073 56,502 138,298 52,515 29,482 4570
Engineering 40994 16,185 16,987 8,565 19,650 7,083 4,358 538
Physical sciences 35,920 16,374 12834 7,626 16,052 7404 7,034 1,344
Eavironmental sciences 12,468 6,367 5478 3,509 5824 2,686 1,167 m
Mathematics. 4935 753 1311 u5 2,507 442 1,116 65
Computer science 4950 1,454 1,504 618 2417 669 1,029 167
Agricultural sciences 30,901 17,964 13,645 9,895 15,486 7,701 1m 368
Biological sciences. 46,106 24,208 16914 11,303 23,369 11,903 5823 1,002
MEdICR SCHENCES. cevvenrrersre e o 65,783 19,347 25,168 9,327 39,547 9,925 1,068 95
Prychology 9,109 3,116 2,649 1,19 4,163 1,501 2297 418
Social sciences 16,606 3413 6414 1,71 6,782 1,320 3410 2
Other sciences, n.c.c. 697 4407 3,169 2,447 2,501 1,881 409 80

Note: Details may not sum to totals because of rounding.

Source: National Science Foundation, SRS,
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Table 24.

Percent of total net assignable square feet in stience/engineering used for organired research, by highest degree granted, control, and R&D expenditures

rank: 1988
Institutional characteristic
. Ranked by FY 1983
Highest degree granted Control R&D expenditures
Historically
Disiciplines Total black
Dorstorate- Non- Below institutions
gracting doctoz:ale- Public Private Top S0 top 50
granting

Total 41% 45% 16% 4% 45% 53% M% 19%
Engincering 39 43 2 ¥ 42 50 32 20
Physical sciences 46 52 19 4“4 48 59 38 24
Environmental SCIER0ES ........cvvvcumunresvisssssenens 51 55 15 52 47 64 41 19
Mathematics 15 18 6 15 17 19 14 7
Computer science 29 33 16 25 40 41 A4 33
Agricultural sciences..........cvncennncassnennns 58 60 3 58 51 n 47 43
Biological sciences 53 58 17 50 60 67 4 21

in colleges and universities ... 49 56 17 47 54 65 40 b,

in medical schOOls ....ou.evereenne e eennnnnennnee 62 62 - 57 70 0 57 15
Medical scieaces 29 0 9 25 41 37 25 9

in colleges and universitics .........coeeevrvuennns 25 2 9 23 32 32 21 6

in medical schools 32 2 - 26 45 40 27 11
Psychology K 40 18 35 32 45 30 12
Social sciences 21 23 9 23 13 28 16 9
Other sciences, n.e.c £ 76 20 67 86 n 67 3

Source: Nationa: Science Foundation, SRS.
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Table2-5.  Amount of science/cnginecting research space that is leased or housed in temporary facilities, by institution type aud control: 1988

Leased R&D space Temporary R&D space
Institution type
and control
Square feet Percent Square feet Percent
(in thousands) (in thousands) J
Total 370 % 2,089 2%
Doctorate-granting 3,760 3 2,033 2
Top 50 in R&D 2112 4 1,022 2
Other 1,648 3 1,011 2
Non-doctorate-granting, 11 <1 56 1
Public -351 3 1,788 2
Private 1420 5 n 1
tm
'
—
Qo
Note: Detuils may not sum to totals because of rounding.
Source: National Science Foundation, SRS.
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Table 3-1.  Number of institutions starting any projects to construct new science/engineering R&D space, by institution type and control and year of project

start: 1986-89*
’ Construction project start year
Institution
type and control 1986 or 1988 or 89 1986-89
1986 1987 1987 (planncd) : (4 yr. total)
i
Total 128 117 192 227 310
Doctorate-granting.............c.cmeveenssns 92 92 135 179 221
Top 50 in RED .......enecnnncirnnne 29 37 40 40 47
Other......oee v e 63 55 95 139 174
Non-doctorate-granting...........ccweeeuneee 36 25 57 48 89
Public 103 78 139 179 231
m Doctorate-granting.............cccoveenens 73 67 102 133 162
L Top 50 in R&D .....umcinmanesennns 20 ) 28 27 30
- Other. 53 43 74 107 132
Non-doctorate-granting...........cceuuue.ns 30 11 37 46 69
g £ 1T 25 39 52 48 80
Doctorate-granting.........c....oceemenscunnene 19 25 32 46 59
Top 50 in R&D ... 9 12 12 13 17
Other 10 13 21 32 2
Non-doctorate-granting............cooceeunnee 6 14 19 2 21
*Findings are limited to projects with estimated total cost at completion of $100,000 or more for R&D related space.
Note: Details may not sum to totals because of rounding.
Source: National Science Foundation, SRS.
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Table 3-1a. Number of institutions with any R&D-reiated new construction starts in 1986 or 1987, and number with any actual or planned construction starts in the
fous-year period 1986-89, by discipline and institution type

Doctorate-granting Non-
Total doctorate-
Disciplines Top 50in R&D Other granting
1986-87 1986-89 1986-87 1986-89 1986-87 1986-89 1986-87 1986-89
Total 192 310 40 47 95 174 57 89
Engineering ™ 115 2 32 30 48 26 35
Physical sciences 41 102 14 2 12 46 U k)
Eavironmental sciences 27 57 6 9 16 25 5 23
Mathematics 3 12 1 4 2 7 0 1
r'n Computer science 28 47 9 13 2 9 17
5 Agricultural sciences 36 58 17 23 32 5 9
Biological sciences 57 146 17 27 2 72 14 47
Medical sciences 54 109 18 32 k) 74 2 3
Psychology 20 28 3 6 3 8 13 14
Social sciences 18 35 1 2 2 17 15 16
Other sciences, n.e.c. 13 23 7 8 6 16 0 0
Note: Pareents may not sum to 100 because of rounding,
Source: National Science Foundation, SRS.
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Table 3-2.  For projects to construct new R&D space, estimated net assignable square feet (NASF) of R&D space to be creatd and estimated total cost of
the construction of this R&D space, by institution type and control and year of project start: 1986-89*

Construction project start year
Institution 1986 or 1967 1988 or 1989 (planned) 1986 to 1989 (4 yr. total)
type and control
NASF Cost NASF Cos. NASF Cost
(NASEF in thousands of square feet; cost in million. of dollars)
Totat 9,989 $2,063 11,829 $3,399 21818 $5,462
Doctorate-granting.............ccccecereeenncs 8,974 1,900 11,310 3,291 2024 5,191
i 4378 1,188 5,154 1,857 9,532 3,045
Other. 4,59 712 6,156 1,434 10752 2,146
Non-doCtorate-granting............ooeeveens 1,014 163 518 108 15% m
Public 7,393 1,364 8,736 2,116 16.129 3,480
Doctorate-granting.............cc.cevcueueenenne 6,565 1,230 8,230 2,011 14,795 3,241
In top S0 in R&D.......ouvivciriennnnns 3,165 760 3410 947 6,575 1,707
Other 3,400 470 4,821 1,063 8,221 1,533
Non-doctorate-granting...........cccuucnee 828 134 505 106 1,333 240
Private 2,59 699 3,093 1,282 5,689 1,981
Doctorate-granting.............oceeeecceseisene 2,410 670 3,080 1,280 5,490 1,950
In top S0 1n R&D......coinrcirinnn. 1,213 428 1,744 910 2,957 1,338
Other. 1,197 242 1,336 370 2533 612
Non-doctorate-granting..............c.ecenee. 186 29 13 2 199 31

*Findings are limited to projects with estimated total rost at completion of $100,000 or more for R&D related space. Pr jject cost and space estimates are prorated to reflect R& D component only.

Note: Details may not sum to totals because of rounding,

Source: National Science Foundation, SRS.
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Table 3-3.  Number of institutions starting any projects to construct new science/engineering R&D space, by discipline and year of project stact: 1986-89*

Construction project start year
Disciplines 1986 or 1988 or 89 1986-89
1986 1987 1987 (planned) (4 yr. total)
Total 128 117 192 227 310
Eangineering 58 29 0] 58 115
Physical sciences % 16 41 68 102
Environmental sciences............c..cuwecenncnes 19 10 27 33 57
Mathematics. 1 2 3 9 12
Computer science 18 10 28 A 47
Agricultural §Ciences..........oceurucurcensanseracans 27 17 36 7 58
Biological sciences 37 31 57 108 146
Medical sciences 28 k- 54 0 109
Psychology 1 19 20 9 28
Social sciences. 7 11 18 17 kil
Other,n.e.c 7 7 13 15 23

*Findings arc limited to projects with estimated total cost at completion of $100,000 or more for R&D related space.

Note: Details may not sum to totals because of rounding.

Source: National Science Foundation, SRS.
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" Table34.  For projects to construct new R&D space, estimated net assignable square feet (NASF) of R&D space to be created, and estimated total cost of
the construction of this R&D space, by discipline and year of project start: 1986-89*

Construction project start year
Disciplines 1986 or 1987 1988 or 1989 (planned) 1986 to 1989 (4 yr. total)
NASF Cost NASF Cost NASF Cost

(NASF in thousands of square feet; cost in millions of dollars)

Total 9,989 $2,063 11,829 $3,399 21,817 $5,460
Engineering 2,409 434 1,903 501 4312 935
Physical sciences 803 183 1,782 533 2,585 76
! Eanvironmental sciences................cenecveens 384 57 427 126 811 183
.'__ Mathematics. 9 2 k2 6 43 8
b Computer science 240 61 224 69 464 130
AGTiCUltural SCIENCES...........ovevermereerrersesenorerens 1,542 153 809 216 2,351 369
Biological sciences 1,730 468 2435 668 4,165 1,136
Medical sciences 1,927 502 3,263 1,083 5,190 1,585
Psychology. 134 24 78 29 212 52
Social sciences 203 38 233 62 436 100
Other SCIENCES, N.C.C. cccuvmrrnrernrcencerenrasesnens 607 140 641 105 1,248 245

*Findings are limited to projects with estimated total cost at completion of $100,000 or more for R&D related space. Project cost and space estimates are prorated to reflect R&D component only.
Note: Details may not sum to totals because of rounding.

Source: National Science Foundation, SRS.
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Table 3-5.

Number of institutions performing major repair/renovation of science/engineering R&D facilities, by institution type and control and year: 1986-

89*
Year of repair/renovation
Institution
type and 1986 or 1988 or 89 1986-89
control 1986 1987 1987 (planned) (4 yr. total)
Total 222 19 289 230 in
Doctorate-granting..............cocsmsuernsens 174 178 225 191 237
Top 50 in R&D .....cvemreensmmsssssssrismssnins 43 48 48 49 50
Other. 131 130 17 142 187
Non-doctorate-granting.............venmsen. 47 18 64 33 75
m Public 162 133 210 163 24
{; DOCtOTate-GrANLING.....cvrerserersrn 127 121 163 130 168
In top 50 in R&D 26 29 po7 30 k)|
Other. 101 7] 134 100 137
Non-doctorate-granting..............ccoeeusens 36 12 47 33 56
Private 59 63 ” 66 89
Doctorate-granting......... 48 58 62 61 0
In top 50 in R&D 18 19 19 19 19
Other. 30 39 43 42 51
Non-doctorate-granting.............oevereerene 11 6 17 5 19
*Findings are limited to projects with estimated total cost at completion of $100,000 or more for R&D related space.
Note: Details may not sum to totals because of rounding.
Source: National Science Foundation, SRS.
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Table 3-6.  For projects to repair/renovate (R&R) R&D space, estimated net assignable square feet (NASF) of R&D space affected and esumated total
cost of this R&R, by institution type and control and year: 1986-89*

Year of repair/renovation
Institution 1986 or 1967 1968 or 1989 (planned) 1986 to 1969 (4 yr. total)
type and control
NASF Cost NASF Cost NASF Cost
(NASF in thousands of square fect; cost in millions of doilars)
Total 13,713 $863 9,671 s 23384 $1,640
13,123 818 9,485 741 22,608 1,559
5,663 440 5,053 45 10,716 885
7,459 Ky, 4,432 296 11,891 674
590 45 186 36 776 81
Public 8,796 439 6,631 45 15,427 884
8,357 402 6,464 410 14,821 812
2,608 141 281M 194 5,487 335
Other 5,749 262 3,585 216 9,334 478
Non-doctorate-granting.............cccueeveusee 438 37 167 k" 605 )
Private 4917 42 3,040 332 7957 756
DOCtOrate-granting..........oeessstevvenresnesens 4,766 415 3,021 33t 7787 746
Intop 50 in R&D.......coooeeeerrrrvenrernnenns 3,056 29 2,174 251 5,230 550
Other. 1,710 116 847 80 2,557 196
Non-doctorate-granting............cvueuuvese 152 9 19 2 17 11

*Findings are limited to projects with estimated total cost at completion of $100,000 or more for R&D related space. Project cost and space estimates are prorated to reflect R&D component only.
Note: Details may not sum to totals because of rounding.

Source: National Science Foundation, SRS.
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Table 3-7. Number of institutions performing major repair/renovation of science/engineering R&D facilities, by discipline and year: 1986-89*

Year of repair/renovation
Disciplines 1986 or 1988 or 89 1986-89
1986 1987 .987 (planned) (4 yr. total)
Total 22 196 289 230 312
Engincering 86 » 119 % 154
Physical sciences ™ 54 9 9 14
Eavironmental sCiences........ovmmnssnsisninns 26 25 41 30 55
Mathematics. 14 10 A 12 2
Computer science 23 29 48 22 53
Agricultural SENCES. ... niiismssnsisimiisans A 16 33 26 46
Biological sciences. 109 91 139 113 174
m Mcdical sciences 58 Ly 87 ] 101
st Psychology. 26 13 36 20 50
Social sciences, 22 16 30 13 38
Othez, n.e.c 9 14 17 14 26
*Findings are iimited to projects with estimated total cost at completion of $100,000 or more for R&D related space.
Note: Details may not sum to totals because of rounding.
Source: National Science Foundation, SRS.
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Table 3-8.  For projects to repair/renovate (R&R) R&D space, estimated net assignable square feet (NASF) of R&D space affected and estimated total
cost of this R&R, by discipline and year: 1986-89*

Year of repair/renovation
Disciplines 1986 or 1987 1988 or 1989 (planned) 1986 to 1989 (4 yr. total)
NASF Cost NASF Cost NASF Cost
(NASF in thousands of square feet; cost in millions of dollars)

Total 13,12 $863 9,671 sTn 23,383 $1,640
Engineering 2,751 143 1,393 121 4144 264
Physical sciences 1,760 107 1519 126 3279 233
Bavironmental §CIENCes...........meermmrmrannenns 369 2 441 5 810 46
Mathematics 35 3 41 4 76 7
Computer science 185 16 92 7 2n 23
Agricultural sciences. 637 21 506 22 1,143 43
Biological sciences. 3,760 233 2,640 168 6,400 401
Medical sciences 3,300 238 2,480 254 5,780 492
Psychology. 258 “ 103 1 361 25
Social sciences. 184 35 97 8 281 4
Other sciences, N.e.c........wecinnisinicranss 473 31 359 31 832 62

*Findings are limited to projects with estimated total cost at completion of $100,000 or more for R&D related space. Project cost and space estimates are prorated to reflect R&D component only.
Note: Details may not sum to totals because of rounding.

Source: National Science Foundation, SRS.
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Table 4-1.  Sources of funds for new construction projects on science/engineering research facilities started in 1986 and 1987, by highest degree granted, control, and

R&D expenditures rank
Institutional characteristic
) Ranked by FY 1983
Highest degree granted Control R&D expenditures
Historically
Funding sources Total Non- ) b_l'c"‘
Doctorate- doctorate- Public Private Top 50 Below institutions
granting granting top 50
Total cost (in MIllions) .......ccemmerevrssssnrennss $2,063 $1,900 $163 $1,364 $699 $1,188 $875 A Y)1
Federal Government........... S 7% 7% 10% 3% 15% 6% 8% 45%
State/IOCal GOVETUMENL ........coovvererenramssrsssess a8 37 54 56 4 35 2 36
™
v Private 24 2 15 19 33 2 2 15
o
Institutional funds 14 15 <1 8 26 14 14 3
Debt financing
Tax-exempt bonds .........o.ccoonrreennenrereeees 15 15 20 14 17 16 15 0
Other debt <1 <1 0 <1 <1 <1 <1 0
Other sources 2 2 0 <1 5 3 <1 0
Note: Percents may not sum to 100 because of rounding.
Source: National Science Foundation, SRS.
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Table 4-2.  Amount of funding from each source for new construction projects on science/engineering research facilities started in 1986 and 1987, by highest degree
granted, control, and R&D expenditures rank

Institutional characteristic

. Ranked by FY 1983 |
Highest degree granted Control R&D expenditures ;
Historically |
Punding sources Total Non- biack
Doctorate- doctorate- Public Private Top $0 Below institutions
granting granting top 50
(dollars in thousands)
Federal Government............veeeresmemmnnensanen $147,695 $132,191 $15,505 $40,998 $106,697 $73,613 $74,082 $32,200
State/local government ...........coocucvnnreeninnns 782,866 694,207 88,600 757,113 25,093 415,907 366,959 25,786
Private 487,441 462,413 25,028 259,891 227,550 306,833 180,608 10,948
Institutional funds 291,264 290,690 51 110,109 181,155 168,059 123,205 2,320
Debt financing
Tax-exempt bonds........c.ooevoreeverrcrnnne 317,330 284,216 33,114 192,790 124,540 189,315 128,015 0
Other debt 3,152 3,152 0 2,429 723 1,009 2,143 0
Other SOUTCES........ccoooneevcnmsssnnssensnnnnnnses s 33,147 33,147 0 182 32,965 32,965 182 0
Source: National Science Foundation, SRS.
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Table 4-3.  Sources of funds for repair/renovation projects on science/engineering research facilities started in 1986 and 1987, by highest degree granted, control, and
R&D expenditures rank
Institutional characteristic
Ranked by FY 1983
Highest degree granted Control R&D cxpenditures
Historically
Fundi Total N black
'unding sources o on- institutions
Doctoratc- doctorate- Public Private Top 50 Below
granting granting top 50
Total cost (in Millions) .......cererre.. $863 818 $45 $439 $424 $437 423 $14
Federal Government............ccooeememrmverinnonne 3% 3% 8% 3% 3% 3% 4% 61%
tr1  State/local government ............counnnnens 27 25 70 52 2 11 4 k]
8
Private 12 13 4 3 21 18 7 4
N Institutional funds 38 40 7 36 41 38 38 <1
Debt financing
Tax-exempt bONds ..o.c.eccosrecsremmrmnesrssnnnns 18 18 12 6 30 28 7 0
Other debt <1 1 0 <1 1 1 <1 0
Cther sources 1 1 0 <1 2 2 <1 0

Note: Percents may not sum to 100 because of rounding.

*The proportional distribution of sources of funds for historically black institutions is skewed by Federal support to an institution with a relatively large proportion of repair/renovation costs.

Source: National Science Foundation, SRS,




Table4-4.  Amount of funding from cach source for repair/renovation projects on science/engineering rescarch facilities started in 1986 and 1987, by highest degree
granted, control and R&D expenditures rank

Institutional characteristic
. Ranked by FY 1983
Highest degree granted Control R&D expenditures
Historically
Funding sources Total Non- . thk
Doctorate- doctorate- Public Private Top 50 B":‘)' institutions
. t
granting granting op
(dollars in thousands)
Federal Government..............o.u.usmmennsnons $27,562 23,7% 3, 13,200 14,362 12,477 15,085 $8416
State/local government ............ooceesvecerennn 234,643 203,215 31428 227898 6,745 49,157 185,486 4,860
y2 ]
o> Private 105,888 104,233 1,655 15,028 90,860 78,373 27,515 488
w
Institutional funds 330,487 327,527 2,960 156,288 174,199 169,134 161,353 42
Debt financing
Tax-exempt bonds...........cccceverrrresesersrenns 152,602 147,208 53%4 25848 126,754 120,924 31,678 0
Other debt 4,066 4,066 0 338 3,728 2,303 1,763 0
Other sources 7,706 7,706 0 46 7,460 7,460 216 0

Source: National Science Foundation, SRS.
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Table 4-5.  Sources of funds for new construction projects on science/engineering rescarch facilities planned for 1988 and 1989, by highest degree granted, control, and

R&D expenditures rank
Institutional characteristic
. , Ranked by FY 1983
Highest degree granted trol R&D expenditures
PFunding sources Total Non-
D°°‘°ﬁ’:‘°‘ doctouate- Public Private Top 50 ?‘?
granting granting op
Total cost (in MIllIONE) ..euvervversemrassssscsssions $3,399 $3,291 $108 82,116 $1,282 $1,857 $1,542
Federal Government..............uuesmusesssosssses 7% % 4% 9% 3% 3% 11%
- State /10cad BOVEIMMENt ..cuvvnccrrruusacrsensnersnasens kL k7] 91 52 4 29 40
0
& Private 23 23 3 10 4 2 18
Instituti~nal funds 11 12 2 12 11 11 12
Debt financing
Tax-exempt bonds ..........ccvemriissensaccriionns 19 20 1 i3 7 4 u
Other debt .. 5 s 1 12 6 4
Other sources 1 1 0 1 1 0 2

Note: Percents may not sum to 100 because of rounding.

Source: National Science Foundation, SRS.

"y

<y
1{)?" 1'}C,




Table 4-6.  Amount of funding from each source for new construction projects on science/engineering research facilities planned in 1988 and 1989, by highest degree
granted, control, and R&D expenditures rank

Institutional characteristic
. Ranked by FY 1983
Highest degree granted Control R&D expenditures
Historically
Funding sources Total Non- ‘ l:tlac!t
Doctorate- doctorate- Public Private Top 50 Below institutions
granting granting top 50
(dollars in thousands)
Federal Government $222,245 $217,469 $4,776 $190,203 $32,041 $57,821 $164,424 $5,704
- State/local government .............oeeserecne... 1,152,215 1,054,369 97,846 1,105,415 46,800 537,39 614,816 30,812
1
N
L Private 774,449 321 3128 211,092 563,357 490,323 284,126 0
Institutionat funds 389,902 388,145 1,757 248532 141,270 212,567 177,335 0
Debt financing
Tax-exempt bonds.............cccccrveecverernnn.. 662,444 661,908 536 322,517 339,927 451,365 211,079 0
Other debt 162,957 162.957 0 14753 148 204 107,680 55277 o

Other sources 34,498 34498 0 23,956 10,542 0 34,498 0

Source: National Science Foundation, SRS.
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Table 4-7.  Sousces of funds for repair/renovation projects on science/engineering research facilities to be started in 1988 and 1989, by highest degrec granted, control,

and R&D expenditures rank
Institutional charactenistic
Ranked by FY 1983
Highest degree granted Control R&D expenditures
Historically
Funding sources Total Non- ) b.lacl.(
Doctorate- doctorate- Public Private Top 50 Below institutions
granting granting top 50
Total cost (in millions) .......eeeeeccrreerccecccnnns $777 $741 $36 $445 $333 $45 3332 $s
Pederal Government 5% 5% 4% 2% 9% 6% 4% 3%
State/local government .........cccccereeeeereeneenees 32 29 81 54 2 20 47 4
Private 9 9 3 1 19 13 3 19
o
8 Institutional funds 39 40 1 7 45 39 38 0

Debt financing

Tax-exempt bonds 1 12 1 5 19 14 7 0

Other debt 2 2 0 3 1 4 <1 0
GHEET SOUILC. 1 eeee rcccrcerseeerssrensaesaes ot e Z 2 U <1 4 3 1 0
Note: Percents may not sum to 100 because of rounding.
Source: National Science Foundation, SRS.
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Table 48.  Amount of funding from each source for repair/renovation projects on science/engineering research facilitics planned in 1988 and 1989, by highest degree
granted, control, and R&D expenditures rank

Institutional characteristic

Ranked by FY 1983
Highest degree granted Control R&D expenditures
Historically
Funding sources Total Non- ) b’lacl’(
Doctorate- doctorate- Public Private Top 50 Below institutions
granting granting top 50
(dollars in thousands)
Federal GOVEInmMEnt.........c..cceeuerveeesseermenees $40,796 $39,202 $1,594 $10,500 $30,296 $27,105 $13,692 $1,761
State/Iocal GOVEINMENt .........cocevvvrerresssnnnesene 245,932 216,898 29,034 239,852 6,080 90,565 155,367 2,09
Private 69,412 68,158 1,254 6,603 62,809 57,872 11,540 889
Institutional funds 300,980 297,047 3933 150,753 150,227 175,029 125,951 0
Debt financing
Tax-exempt bonds...........ccewneeerecemmeene 86,200 85,968 232 22,243 63,957 63,371 22,829
Other debt. 17,648 17,648 0 13,309 4,338 16,976 671
Other sources 16,028 16,028 0 1,263 14,764 13,610 2418 0
Source: National Science Foundation, SRS.
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Table 4-9.  Status of private institutions relative to the limit on institutional tax-exempt bonds, by highest degree granted and R&D expenditures
rank: 1988

Institutional characteristic

Ranked by FY1983

Highest degree granted
g e R&D expenditures

Status relative to Non-
$150 miltion limit Docton'-ute- doctorate-
on tax-exempt bonds granting granting

(N=103) (N=103)

Have reached the limit

Have not, but expect to
in next two fiscal years

Have not, and do not expect
to in next two fiscal years

Note: Percents may not sum to 100 because of rounding.

Source: National Science Foundation, SRS.
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Table4-10.  Status of private medical schools relative to the limit on institutional tax-exempt bonds, by R&D expenditures rank: 1988

Ranked by FY 1983
R&D expenditures
Total
Status relative to $150 million Top 50 Below
limit on tax-exempt bonds top 50
(N=53) (N=15) (N=38)
Have reached the limit 27% N% 9%
Have not, but expect to in next two fiscal years 10 14 9
Have not, and do not expect to in next two fiscal years. 63 14 82

Note: Percents may not sum to 100 because of rounding.

Source: National Science Foundation, SRS.
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Table 5-1.  Current condition of research facilities in the sciences and engineering, by discipline: 1988

Condition of facilities

Suitable for use Effective for most Requiring limited Requiring major repair/
Disciplines in most scientifically uses, but not most repair/renovation to renovation to be
sophisticated research scientifically sophisticated be used effectively used effectively

(percent of research space)

Total 4% 37% 3% 16%
EOGINEEIING ....o.crmvrnsecenrrnnnsmmmsssesssssssmsssssmmssssssssmsss sssssssssss sesesses 26 37 pXx] 14
Physical sciences 26 M 23 17
Environmental sciences 19 40 26 15
Mathematics 29 45 21 6
L o TET T, T T ———— 2 35 16 16
¥ Agricultural sciences 21 32 26 20
Biological sciences . 27 36 2 15
in universities and colleges 23 36 25 15
in medical SChOOIS.........coimieiinn coverrennensneiescescsesn sesesens seemeses 36 34 16 13
Medical sciences 24 37 24 16
in universit:es and colleges 19 41 26 14
n medical schools.. 25 35 22 17
PSYChOIORY ....covncvumeciirnicinscimmasissssmessssssssssessssssssisss sees soe 23 4 21 12
Social SCIERCES.......vurvenns oee soeeene o sressrssmasens sessmess oo sesseees 16 47 27 11
OLhEr SCIENCES. NE C .« wevverrurerreresenres sorsasasasamsase sone o o seee on . 16 48 23 14
Note: Percents may not sum to 100 because of rounding
Source: National Science Foundation, SRS
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Table 5-2.  Perceat of rescarch space suitable for use in the most highly developed and scientifically sophisticated research in its field, by highest degree granted, control,

and R&D expenditures rank: 1988
Institutional ct«racteristic
. Ranked by FY 1983
Highest degree granted Control R&D expenditures
Dusciplines Historically
Total N black
ot on- T
. institutions
Doctor‘ate doctorate- Fublic Private Top 50 Below
granting granting top 50
Total A% 24% 15% 23% 26% 23% 25% 37%
Engineering 26 26 25 26 52
Physical sciences 26 27 12 26 )
Eavironmental sciences...............vovsennenrennes 19 19 14 1. 0
rry Mathematics 29 3 6 25 14
& Computer scicnce 32 33 29 37 57
= Agricultural SCIENCES v . orreererresn 21 21 32 21 46
Biological sciences 27 28 12 26 18
in universities and colleges.. 23 4 12 23 25
in medical schools...........ccocoooeereceumrererennne 36 36 - 3 7
Medical sciences A4 y’} 8 23 65
in universities and colleges...................... 19 19 8 20 6
in medical schools.............ccevusencrienirnenns 25 25 - 25 I
Psychology 23 25 12 23 4“4
Social sciences 16 17 4 16 A
Other sciences, n.c.c. 16 16 24 12 1
Source: Nahonal Science Foundation, SRS.
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Table 5-3.  Percent of research space which is effective for most purposes, but not for the most scientifically sophisticated research, by highest degree granted, control,

and R&D cxpenditures rank: 1988
Institutional characteristic
. Ranked by FY 1983
Highest degree granted Ccntrol R&D expenditures
Disciplines Historically
black
Total Non- ST
- institutions
Doctot"ate doctorate- Public Privae Top 50 Below
granting granting top 50
]

Total 37% 36% 50% 36% 3% 36% 38% 39%
Engincering.... k1] 37 54 38 35 36 39 A
Physical sciences k' 33 50 3s 34 29 39 59
Environmental sciences..................coocooerunnn. 40 40 43 37 52 45 k' 35
- Mathematics 45 43 66 47 41 43 46 60
& Computer science 35 33 47 36 M 27 41 32
B Agricultural sciences.........ccoooooovececeeenmnn 32 32 k7 32 20 k)| k7 ]
Biological sciences 36 35 48 35 37 36 35 63
in universities and colleges 36 35 48 37 34 35 37 46
in medical schools............cccooeeeummrrnnnnnn. M4 k' - 29 42 39 30 90
Medical sciences k1) 37 53 35 41 36 37 22
in universities and colleges..........c..ccveee 41 40 53 42 36 36 45 3
in medical schools...........cccceercenrermnunnnnnnn. 35 35 - 31 42 36 M4 18
Psychology 44 41 57 43 45 37 48 41
Social sciences 47 46 58 48 40 45 49 46
Other sciences, n.e.c 48 48 32 4 55 52 43 18

Source: National Science Foundation, SRS.
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Table 54. Percent of rescarch space which is effective for some purposes, but in need of limited repair/renovation, by highest degree granted, control, and R&D
expenditures rank: 1988
Institutional characteristic
. Ranked by FY 1983
o Highest degree granted Control R&D expenditures
Disciplines Historically
Total N black
ota on-~ e el .
- institutions
Doctox‘ate doctorate- Public Private Top 50 Below
granting granting top 50
Total 23% 23% 4% 25% 21% 25% 22% 18%
Engineering 23 23 9 23 22 26 19 16
- Physical sciences 23 22 1 23 22 A 22 27
&, Envizonmental sciences ......ccoocoveneeecnrencnenee 26 26 29 29 17 28 25 16
W  Mathematics 21 21 22 23 15 25 19 21
Computer science 16 17 13 18 14 16 17 7
AZOCULLULEE SCHENCES ..rverrecrrrcrrenersrenreses 2% 2 2% 2% 25 27 25 21
Biological sciences 22 22 26 24 19 23 22 15
in universities and colleges...................... 25 25 26 25 26 25 26 23
in medical sChOOIs..........c.cccunrrrrececccecnnncns 16 16 - 22 9 17 16 2
Medical sciences 24 24 26 24 23 26 22 8
in universitics and colleges....................... 26 26 26 4 31 29 4 29
in medical schOOIs.............cceveerereeerenerennene 22 22 24 20 24 21 4
Psychology 21 21 % 2 18 2 21 12
Social sciences 27 26 30 26 2 31 22 23
Other sciences, n.c.c 23 23 18 28 12 21 25 48
Sourze: National Science Foundation, SRS.
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Table 5-5.  Percent of rescarch space requiring major repair /renovation to be used effectively, by highest degree granted, control, and R&D expenditures rank: 1988

Institutional characteristic

: Ranked by FY 1983
Highest degree granted Control R&D expenditures
Disciplines Historically
Total N black
o on- -
Doct: - institutions
ox_-a te doctorate- Public Private Top 50 Bd(;w
granting granting top 50
Total 16% 16% 11% 16% 14% 16% 15% 7%
Engineering 14 14 12 13 17 15 13 8
Physical sciences 17 18 1 17 19 2 13 9
Environmental sciences........covernvenecenaee. 15 15 14 17 6 13 17 49
Mathematics 6 5 7 6 6 6 5 5
Computer science 16 17 11 9 27 30 6 4
Agricultural SCiences..............ooccceereeemreennnne 20 20 8 20 23 17 A 9
Biological sciences 15 15 13 16 13 15 14 4
in universities and colleges...........con.... 15 15 13 15 15 17 14 6
in medical schools..............ceeveeremrmnrrnnnnn. 13 13 - 16 10 10 16 1
Medical sciences 16 16 13 18 13 18 14 5
in universitics aud colleges...................... 14 14 13 13 17 19 10 25
in medical schools.............coeweeeeereummnnnenns 17 17 - 20 12 17 16 0
Psychology 12 13 7 12 15 18 9 3
Social sciences 11 11 8 10 12 11 11 6
Other SCIENCes, N.C.C...... uverecinreresssrsinnrens 14 14 26 16 10 9 20 M
Source: National Science Foundation, SRS.
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Table 5-6.  Adequacy of the amount of research space, by science/engineering discipline: 1988

Adequacy of amount of R&D space
Disciplines
Adequate Generally Inadeguate Varied' Needed, but
adequate non-existent

Engineering 9% 39% 51% 0% 2%
Physical sciences 5 50 43 2 0
Environmental sciences 1 46 38 1 3
Mathematics 21 53 25 0 1
Computer science . 15 37 47 0 1
Agricultural sciences. 1 50 38 1 0
Biological sciences

i in universities and colleges. 8 46 46 0 0

& in medical schools. 4 45 51

Y Medical sciences

in universities and colleges 13 50 37 0 0
in medical schools 1 54 45 0 0
Psychology 17 51 32 0 0
Social sciences. 13 49 37 1 1
Other sciences, n.c.c. 9 S0 40 0 0
Note: Percents may not sum to 100 because of rounding.
*Varied—some institutions indicated wide vanation in the adequacy of faciities (¢.g., those in one bullding » -¢ adequate, those 1n another building inadequate) and were unable to arrive at one rating,
Source: National Science Foundation, SRS.
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Table 5-7.  Percent of academic officials rating the amount of research space as inadequate, by highest degree granted, control, and R&D expenditures rank: 1988
Institutional charactenstic
] Ranked by FY 1983
Highest degree granted Control R&D expenditures
Disciplines Historically
black
Total Doctorate- Non- . . Below institutions
granting doctorate- Public Private Top 50 top 50
granting
Engincering 51% 50% 53% 51% 51% 69% 47% 18%
Physical sciences 43 51 35 45 40 57 41 29
EBavironmental sciences..............ccoecennennnc 38 46 24 50 13 49 37 67
Mathematics 25 36 9 27 21 47 21 17
Computer science 47 49 43 44 51 53 46 33
r|ﬂ Agricultural sciences...............ccecccvvvenennn 38 41 28 39 20 50 M 27
in universities and colleges....................... 46 49 43 48 42 52 45 35
in medical sChools..............coooernrrrvrenecnnnne 51 51 - 58 36 67 45 0
Medical sciences
in universitics and colleges...................... 37 41 26 40 27 60 32 0
in medical schools...............ccoocecurrcceennnnnne. 45 45 - 51 35 61 40 0
Psychology k7) 2 3% 33 31 37 31 Iy
Social sciences 37 32 43 36 38 43 36 38
Other sciences, n.c.c 46 4 0 39 46 42 40 25
Source: National Science Foundation, SRS.
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Table 5-8.  Adequacy of data communication systems, by discipline: 1988

Adequacy of data communication systems

Disciplines
[ ]
Adequate Generally Inadequate Varied Needed, but Not needed or
adequate non-existent inapplicable

Engineering 26% 37% 31% 0% 5% 0%
Physical sciences 12 51 29 2 4 2
Environmental sciences 19 3 26 2 10 5
Mathematics. 14 53 29 0 1 3
Computer science...... 17 51 26 0 5 1
Agricultural sciences 9 49 33 2 7 0

- Biological sciences

S in universities and collsges 14 54 27 3 3

~ in medical schools. 5 76 19 0 0
Medical sciences

in universities and colleges. 12 55 26 0 2 4
in medical schools 10 61 24 0 2 3
Psychology. 23 46 24 1 2 4
Social sciences, 17 49 2 2 3 5
Other sciences, n.c.c. 19 45 32 1 2 1
Note: Percents may not sum to 100 because of rounding.
*Varied—some institutions indicated wide vaniation in the adequacy of facilities (e.g., those 1n one building were adequate, those 1n another building inadequatc) and were unable to arnve at one rating.
Source: National Science Foundation, SRS.
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Adequacy of power systems
Disciplines
Adequate Generally Inadequate Vari ed. Needed, but Not needed or
adequate non-existent inapplicable

Engincering A% 57% 19% 0% 0% 0%
Physical sciences 16 65 14 1 2 2
Environm2ntal sciences 22 52 16 2 4 4
Mathematics. 36 40 14 0 0 9
Computer science 0 43 15 0 1 11
Agrnicu,ural sciences. 17 60 2 1 0 0
Biological sciences

in universities and colleges. 30 49 18 0 2

tm in medical schools, % 61 15 0 0
% Medical sciences

in universities and colleges. 36 49 12 0 0 3

in medical SChOOIS........ccuvnes cerne cenne M 51 13 0 0 2
PSYCROIORY orrrevcrrrrnreeeesssssnees seeesns 43 46 7 0 0 4
Social sciences 28 5u 10 1 0 11
Other scienves, n.e.c. 29 48 21 1 0 1
Note: Percents may not sum to 100 because of round:ng.
*Varied-some institutions indi~ated wide vanation in the adequacy of facilities (e.g., those in one building were adequatc, those in anotaer tuilding inadequate) and were unable to arrive at one cating.
Source: National Science Foundation, SRS.
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Table 5-9.  Adequacy of power systems, by discipline: 1988




Table 5-10. Adequacy of heating, ventilation, and air conditioning (HVAC), by discipline: 1988

ERIC
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Adequacy of HVAC
Disciplines
Adequate Genenlly Inadequate varicd Needec‘l, but Not nce‘ded or
adequate non-existent inapplicable
|

Engineering. 17% 55% 26% 1% 1% 0%
Physical sciences 12 48 34 2 1 3
Eavironmental sciences 19 46 27 0 5 2
Mathematics. 23 41 20 0 2 15
Compu‘er scieace 26 41 22 0 1 11
Agricultural sciences 7 59 3t 1 1 0

i Biological sciences

& in universities and colleges 11 55 29 0 3 2

A in medical schools. 20 56 % 0 0 0
Medical sciences

in universities and colleges 21 52 2 0 2 4
in medical schools. 22 53 2 0 1 2
Psychology 26 47 A 0 1 3
Social sciences. 19 52 14 0 1 14
Other sciences, n.c.c. 23 43 31 1 1 0
Note: Percents may not sum to 100 because of rounding.
*Varied—some institutions indicated wide variation in the adequacy of facilities (c.g., those 1n one butlding were adequate, those 1n another building inadequate) and were unable to arrive at one rating.
Source: National Science Foundation, SRS.
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Table 5-11. Adequacy of air decontamination (e.g., fume hoods), by discipline: 1988

Adequacy of air decontamination

Disciplines I
Adequate Genenlly Inadequate : Vari ed. Needed, but Not nw or
adequate non-existent inapplicable
Engineering 12% 53% 20% 0% 3% 11%
Physical sciences 14 43 39 1 1 2
Eavironmental sciences. 18 46 20 1 8 7
Agricultural sciences. 14 44 30 0 2 9
Biological sciences
in universities and colleges. 1 51 35 0 1 2
in medical schools 17 58 25 0 0 ]
oa] Medical sciences
A in unversities and colleges 21 45 2 ] ] 11
© in medical schools 23 48 23 0 0 6
Psychology. 18 28 7 0 2 45
Other sciences, n.c.c. . 15 27 36 0 1 21

Note: Percents may not sum to 100 because of rounding.
*Varied—some institutions indicated wide variation in the adequary of facilities (¢.g, those in one butlding were adequate, those in another building inadequate) and were unable to arrive at one rating.

Source: National Science Foundation, SRS.
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Table 5-12.  Adequacy of toxic waste disposal, by discipline: 1988

Adequacy of toxic waste disposal
Adequate Genenilly Inadcquate Varied‘ Needed, but Not needed or
Discipline adequate non-cxistent inapplicable
Enginecring 23% 40% 10% 0% 10% 16%
Physical sciences 23 43 2 1 5 6
Environmental sciences 23 38 15 0 4 20
Agricultural sciences 15 54 20 0 5 6
- Biologcal sciences
in universities and colleges. 2 49 19 0 5 4
in medical schools 28 54 15 0 2 0
Medical sciences
E in universities and colleges 30 41 16 0 3 10
— in medical schools 31 45 16 0 2 6
Psychology 20 18 6 0 1 55
Other sciences, n.c.c. 22 25 9 0 9 35

Note: Percents may not sum to 100 because of rounding.

*Varied—some institutions indicated wide variation in the adequacy of facilities (e.g., those in one building were adequate, those 1n another building inadequate) and were unable to arnve at one rating,

Source: National Science Foundatioa, SRS
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Telephonic Device for the Deaf

The National Science Foundation (NSF) has Telephonic Device for
the Deaf (TDD) capability which enables the individuals with hearing
impairment to communicate with the Division of Personnel and
Management for information relating to NSF programs, employment,
or _eneral information. This number is (202) 357-7492.




