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EXECUTIVE SUMMARY

Introduction

This report presents information from the National Science Foundation’s (NS{’s)
National Survey of Academic Research Instruments and Instrumentation Needs. The survey
program is designed to identify national trends in the amount, age, cost, condition, and perceived
adequacy of academic research equipment in selected science/engineering (S/E) fields. In 1986,
information was collected about equipment in place at the end of 1985 in the physical and
computer sciences and engineering. Similar data were collected in 1987 regarding the 1986 stock
of research equipment in the agricultural, biological, and environmental sciences. The survey
encompassed all research equipment originally costing $10,000 to $1 million. The data were
obtained from a stratified probability sample of 55 colleges/universities selected from among the
174 largest R&D performers in the nation (excluding medical schools), and from a separately
selected sample of 24 institutions selected from among the 92 largest medical school recipients of
NIH rescarch grants. Similar data were collected three years earlier regarding 1982-83
instrumentation stocks at the same 24 medical schools and at a subsample of 43 of the 55
colleges/universities.

All statistics measuring instrumentation change from 1982-83 to 1985-86 are based on
inflation-adjusted estimates of the number of research instrument systems or of the aggregate
purchase price of these systems. The inflation adjustment procedure, based on U.S. Bureau of
Labor Statistics annual producer price indices, is described in Appendix F.

Araounts and Prices of In-Use Research Equipment

Substantial turnover occurred in the national stock of in-use academic research
equipment in the three-year period between 1982-83 and 1985-86. About one out of every four
systems in research use in 1982-83 was no longer being used for research by 1985-86, and
conversely, about two-fifths of all systems in research use in 1985-86 had been acquired in the
three-year period since the baseline study was conducted.
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The total number of $10,000 - $1,000,000 instrument systems in S/E research use in
1985-86 was about 54,000. Adjusting for inflation in system cost ranges and other pertinent
factors, this represents a 43 percent increase from 1982-83 in the national stock of in-use S/E
research equipment.

All of the S/E fields surveyed experienced net increases in research equipment stocks
over the 1982-83 to 1985-86 period, but rates of increase varied considerably from one field to
another (Chart 1). Computer science had the most rapid rate of expansion, with its equipment
stock more than doubling during this period (up 138%). The closely allied field of electrica
engineering also had a comparatively high rate of instrumentation growth (up 59%). At the other
extreme, comparatively low rates of growth in equipment stocks were found for mechanical
engineering (up 23%), the residual of all smaller engineering disciplines (up 21%), materials
science (up 22%), and physics/astronomy (up 28%). Chemistry and the environmental,
agricultural, and biological sciences all experienced mid-level rates of growth, in the 37 percent to
35 percent range.

The aggregate purchase price of all S/E equipment in research use in 1985-86 was
$2.0 billion, up 44 percent from 1982-83. This is essentially the same rate of net inventory growth
as noted above for change in numbers of instrument systems. The mean purchase price per system
for all in-use S/E research equipment in 1985-86 was $36,800, basically unchanged from 1982-83
(up only 1% after adjustment for inflation). Computer science was the only field to show a
substantial real ckange in the mean price per unit of in-use instrumentation: there, the average
price dropped from $57,800 in 1982-83 to $46,000 in 1985-86, down 22 percent after adjustment for

inflation.

The top 20 R&D universities had an average of $27.9 million per institution in in-use
S/E research equipment in 1985-86, much more than the average across the next 154 colleges and
universities: $6.9 million. However, the rate of growth from 1982-83 to 1985-86 in average
instrumentation stocks per institution was no greater for top 20 institutions (39%) than for those
not in the top 20 (40%).

i1
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Chart 1. Number of instrument systems in research usa in
1985—-86 and percent change from 1982-83, by field

Number Percent change
of systems ¢ 40 80 120 160

LS L] 1 J L]

gerns s ([N

Computer
science 2,200 138
Electrical 2,500
engineering
Mechanical 1,700
engineering
All other 5,000
engineering
Materials
science 800
Physics/ 5,300
astronomy
Chemistry 7,000
Environmental
sciences 3,300
Agricultural
sc.2nces 2,600
Biological sciences

10,300

in coll./univ.

Biological sciences
in medical schools 12,000

SOURCE: National Science Foundotion, SRS
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iunding Sources

In relative terms, Federal involvement in funding academic research equipment
declined somewhat from 1982-83 to 1985-86. Thus, 55 percent of all systems in use in *985-86
were acquired either partly or eniirely with Federal funding support, down from 60 percent in
1982-83. Despite this relative decline, Federal funding support for in-use research equipment
increased 30 percent in real dollar terms, from $663 million in 1982-83 to $906 million in 1985-86.
Among the major Federal funding sources, NSF and the Department of Defense had the lowest
rates of funding growth (26% and 28%, respectively), while the National Institutes of Health and
the Department of Energy had larger rates of growth (46% and 36%, respectively)(Table A).
Non-Federal instrumentation funcing support increased by 60 percent during this sam~ =riod,
from $598 million of in-use equipment in 1982-83 to $978 million in 1985-86 (Appendix rables B-
13 and B-13a), a rate of increase twice as high as that for Federal sources. Within the non-Federal
‘ector, funding from institution budgets and state government appropriations increased 57 percent,
and supgort from business and private donations increased 69 percent.

Funding patterns differed considerably among fields, however (see Table A):

. The growth in the dollar amount of computer science instrumentation was led
by a substantial influx of NSF-funded equipment (up 123%), followed by
substantial increases from DOD (up 99%) and from business and private
sourccs (up 61%).

. NSF also led the trend toward increased support for environmental science
instrumentation (up 71%), with DOE and DOD also increasing their support in
this field (up 70% and 44%, respectively).

. NSF, which traditionally has been a major source of funds for basic research in
physics/astronomy and engineering, showed essentially no real growth in
instrumentation funding in either of these broad fields. Electrical engineering
achieved an above average (59%) expansion in its instrumentation inventory by
»btaining large increases in equipment funding support from business and
private sources (up 187%) and als. from state/university funds (up 142%).
Mechanical engineering also obtained substantial funding increases from non-
Fedeial sources; state/university funds were up 66 percent, and
business/private sources were up 52 percent. Physics/astronomy and the
smaller fields of engineering had comparatively small funding increases from
NSF and from most other sources as well.

. Chemistry had moderate instrumentation increases from NSF (up 22%) and

state/university funds (up 38%), and it had above-average increases from all
other major sources, both Federal and non-Federal (up 54% to 186%).
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. The agricultural sciences, which receive the great bulk of their instrumentation
funding support from state/university sources, had a midrange (55%) increase
from those sources.

. NIH, which is the major Federal funding source for instrumentation in the
biological sciences, had a net increase in this field of 44 percent, the same as the
overall average across all S/E fields and sources.

Table A.  Selected sources of funding for 1985-86 national stock of in-use research equipment, and
percent change from 1982-83,1 by field

Selected major sources of funding
Total
research Selecied ma or Federal sources
equipment State/ Business
Field y donations
NSF NIH DOD DOE funds
1985- | Percent | 1985- | Percest | 198S- | Percent | 1985- | Percent | 1965- | Percent | 1985- | Percent 1985-| Percent
8 change % change % change 8 change 8 change 8 change 8 | change

(dotlars in millions)

All surveyed S/E fields.............. . S92 “%  $306 %%  $20 %% S 2% $9% 6% $694 7% $2%9
Comp - S 100 8% $2 W% s 1 . $20 9%  $<1 o s 2 ¥% $20
EOGDeenag ... oo oo een $ 32 u% 0§38 1% s o $ 59 1% $ 17 15%  $138 3% $ 81
$ 110 9% § 11 % Sl o $23 % s 2 o $ 30 2% $ 3%

s 1 % 0§ 7 2% Sl o $ 16 2% § 1 v s 2 %% § 13

s 191 2% $2 % §S o $20 1% 514 as% ST 0% R

S M 26% S 19 N% sl o $ 3 v S 4 o s 1 2% § 2

s 21 6% $ 54 1% 0§ 1 o $28 1% $2 % $50 8% 54

s “u% 58 2% SR 4% §1S 4% S 417 1%6%  S1l B% S28

$ 170 % SN % S« o $ 10 “%  $1S 0% § 56 0% $ 27

s @ 1% § 4 o $ 2 . $ <1 v s 1 o $ 3 5% S 6

S 543 “@a% 551 9% $26 “n s 7 ] s 4 ] $247 4% $ 48

In colleges/universiti s 2 3% §$ R %% S S1% § S o s 2 o $123 9% §19
In medical sch $30 9% S 19 6%  $148 a% -5 2 o s 2 o S124 A% S

9%
61%
87%

187%
52%
9%

L1
2%

%

39%

53%

59%

lPercen( change estimates are adjusted for inflation. See Appendix F.
**Unstable estimate: 1982-83 base is less than $4 million.

SGURCE: National Science Foundation, SRS
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Quality of Existing Research Equipment

In addition to quantitative increz -es in the total size of the national stock of academic
research equipment, a general qualitative upgrading in the composition of the stock also occurred
during the three-year period from 198283 to 1985-86, with the newest and most advanced
equipment becoming increasingly prominent ar obsolete equipment becoming proportionately
less prominent. Specifically:

. The greatest rate of growth (136%) occurred for systems and components that
were still under construction/development and not yet in research use as of the
end of the survey year. The dollar amount of such equipment increased from
$31 million in 1982-83 to $82 million in 1985-86.

v The next highest rate of growth occurred for in-use systems that were classified
by their users as state-of-the-art. These increased by 50 percent, from $371
million to $595 million.

. Other in-use systems, classified as not state-of-the-art, increased by 41 percent,
from $939 million to $1.4 billion.
~
. Obsolete systems, ones that were inactive or inoperable throughout the ye. . of
the survey, increased by only 1 percent in real terms, from $264 million fo $272
million.

This pattern of advanced equipment (i.e., still under development and state-of-the-art
equipment) growing at considerably higher rates than other equipment was found at all institution
types (public, private, large R&D performers, smaller institutions, medical schools,
colleges/universities) and in most fields. Qualitative upgrading was most extensive in mechanical
engineering (where the dollar amount of advanced equipment increased over 150% vs. a 21%
increase for all other equipment in this field) and in chemistry (where advanced equipment
increased 77% vs. a 26% increase for other equipment). At the other extreme, the combined
smaller fields of engineering (all those other than electrical or mechanical), materials science, and
the agricultural sciences all had lower rates of growth for advanced equipment than for other
equipment in their fields.

)
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Adequacy of Existing Research Equipment

Despite the pronounced quantitative increases and qualitative improvements seen
from 1982-83 to 1985-86 in the research equipment stocks in most fields, little change was found in
department heads’ evaluations of the general adequacy of their research equipment. Across all of
the S/E fields surveyed, the percentage of department heads who reported that the research
equipment available to their faculty is generally "insufficient" to enable them to pursue their major
research interests was essentially the same in 1985-86 (35%) as it had been in 1982-83 (36%).
Chemistry was the only field where the percentage of department heads reporting insufficient
equipment declined substantially over this period (Table B). On the other hand, mechanical
engineering -- a field where complaints of insufficient equipment were especially common in 1982-
83 (54% of departments) -- had even more widespread complaints of insufficient research
equipment in 1985-86 (68% of departments).

Table B.  Percert of department heads describing the research equipment_availqble to their
faculty as generally "inadequate” to enable them to pursue their major research
interests, by field, 1982-83 to 1985-86

Percent of department heads

Field 1982-83 1985-86
- A'l surveyed S/E fields ... vucemmimmmmnissssssssiensssssssssnmsennssessssesee 36 35
COMPULET SCIENCE ¢vvvvuvrrrrssessrsessssssssssmsssssssssssesssssssssssssesssssesse 45 44
Electrical EngINEEriNg......ccoerreereressssssssssrmmusssansississssssasnsnssosiees 5¢ 58
Mechanical engiNEETING ... eeesiesmsssssamssssssssssassssssssissess 54 68
All Other engiNeering......c...uwvvveesenserisisssimmssssesssscisassisssssisises 47 46
MALErials SCIENCE ...ovvvverveeerersissrensesssssssssasessssssssossossssssissassosssnssssssass 14 9
PhySiCS/aStrONOMY ......vvevvvseerssessessossummmsssssissssssssssssssssmsssssssss e 33 35
CREMUSIIY....eevceunsssmrmmssmssessssssssssssssessssessisssssssessssessssssssssssassssessons 49 29
Environmental SCIENCES..........cccrvimmrenirnmmessssmssissssssmminsssssmssessissne 27 31
AZEICUINULAL SCIENCES wovveneoevurernecesessssccsssssimsssississssssssssis s 46 45
Biological sciences in colleges/universities. ... 36 32
Biological sciences in medical SChOOIS .....ccvcvunieccsisissssirincivnees 16 24

SOURCE: National Science Foundation, SR’

C.,
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Other Trends

One indication of the rapid pace of technological change in S/E research
instrumentation is the finding that the median age of all 1985-86 systems classified as state-of-the-
art by their principal users was only two years. In computer science, electrical engineering,
chemistry and environmental science, the median for state-of-the-art equipment was even lower:

one year of age.

Despite the pronounced increase in equipment stocks from 1982-83 to 1985-86, there
is no indication of any slackening in equipment utilization levels. As measured by mean number of
users per syst.... per year, average utilization has actually increased slightly, from 13.9 users per
system in 1982-83 to 14.2 users per system in 1985-86.

Annual expenditures for maintenance and repair (M/R) of in-use research equipment
increased 41 percent from 1982-83 to 1985-86 in real terms, generally keeping pace with the level
of expansion of equipment inventories over this period (44%). Service contracts became an
increasingly dominant component of M/R costs, however, with annual expenditures for service
contract increasing at a much greater rate (67%) than expenditures for field service (13%) or in-
house M/R (12%).

The percentage of in-use systems judged by their principal users to be in "excellent”
working condition increased slightly, from 52 percent in 1982-83 to 55 percent in 1985-86.

Conclusions

The findings described in this report do not translate readily into conclusions about
whether or not the quantitative and qualitative changes that have occurred from 1982-83 to 1985-
86 in academic research equipment are sufficient to maintain the "competitiveness" of American
science and technology. No doubt, experts in particular areas of research will find much in the
report’s detailed statistical tables that will raise questions about whether current levels of
instrumentation support are adequate to meet the need and about whether that support is being
directed to the right fields and institutions.

i/
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Nevertheless, while there remains considerable room for debate about the adequacy
of the changes that have occurred from 1982-83 to 1985-86, the findings reported here seem quite
clear as to the direction of change. Instrumentation stocks have been sub-tantially replenished and
enhanced during this period, in all of the science/engineering fields surveyed in this study and in

all major institution categories -- public, private, large, small.

The net growth and qualitative improvement in instrumentation stocks have resulted
from substantially increased levels of instrumentation funding support from all sources. Measured
in terms of accumulated funding contributions to the total stock of in-use research equipment, the
relative increase in Federal instrumentation support from 1982-83 to 1985-86 was smaller than the
increases seen from other sources. The colleges and universities themselves, business and private

donors, and state governments financed most of the growth in research instrumentation.

In relative terms, computer science was the greatest beneficiary of ti.e overall increase
in instrumentation support, particularly from Federal sources. However, computer science was a
very small field in 1982-83, so a comparatively modest increase in support dollars could (and did)

produce a comparatively large impact.

At the other extreme, engineering had the most equivocal results of the fields studied
in this analysis. Total instrumentation stocks and investments increased, but unevenly. Non-
Federal sources provided most of the funding increase. While there were demonstrable
equipment stock increases, engineering also registered rising rates of equipment usage, and
maintenance costs have ballooned. Department heads’ qualitative assessments indicated no
perceived improvement in the overall adequacy of available research equipment or in the
adequacy of instrumentation support resources. Engineering may be a field that has been running
hard just to stay even and that soon may have increasing difficulties in maintaining current stocks

of basic research equipment.

)
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INTRODUCTION

BACKGROUND

In 1980, an Association of American Universities (AAU) survey of investigators at 16
leading research universities identified what seemed to be an emerging instrumentation crisis in
academic science and engineering.! The AAU study reported numerous instances where scientists
and engineers felt that, because of inadequate instrumentation, they were no longer able -- or were
on the verge of being no longer able -- to work at the frontiers of research in their respective fields.
At that time, however, the evidence was almost entirely anecdotal.

In recognition of the need for "objective information in the area,” the House
Committee on Science and Technology recommended that the National Science Foundation
"conduct inventories of, and analyses of the needs for, scientific instrumentation.”> The resulting
legislation, when enacted and signed into law, directed the Foundation to "develop indices,
correlates or other suitable measures or indicators of the status of scientific instrumentation in the
United States and of the current and projected need for scientific and technological
instrumentation.”

In response to this mandate, the Foundation initiated a feasibility study to design
quantitative indicators of current status and trends in academic research instrumentation and to
determine the most appropriate methods of data collection.* Final specifications for a baseline
national survey were determined by NSF following extensive review of the feasibility study findings
by other Federal agencies and by several advisory groups of university scientists and research

administrators.

L Associacion of American Universities. The Scientific Instrumentation Needs of Research Universities, Report to NSF, 1980.

Z}iouse of Representatives Report No. 96-61 (1979), p. 30.

3An Act To Authorize Appropriations for Activities for the National Science Foundation for Fiscal Year 1980, and for Other Purposes.
Public Law 96-44, Section 7.

4

ibility Study. Westat, Inc., March 1982.




THE BASELINE SURVEY

The 1982-83 baseline survey, as it has come to be known, was designed to produce
quantitative indicators of the national stock, cost/investment, condition, obsolescence, utilization,
and need for major research instruments in academic settings. The baseline survey was conducted
in two stages, or phases. Phase I, conducted during 1983 at a stratified probability sample of 43
universities (excluding Federally-funded R&D Centers), obtained information about existing
instruments and instrumentation needs in the physical and computer sciences and engineering as
of the end of calendar 1982. Phase II, conducted during 1984, completed the baseline cycle by
collecting data for the agricultural, biological, and environmental sciences regarding
instrumentation stocks in place at the end of calendar 1983. The same universities that
participated in Phase I contributed to Phase II as well, together with a separately drawn sample of
24 medical schools, needed to provide a comprehensive picture of academic instrumentation in the
biological sciences®

In each phase, two kinds of baseline data were collected. First, all departments and
nondepartmental research facilities in applicable fields were asked to provide information about
selected characteristics of the department or facility as a whole, particularly regarding research
equipment costs and needs. Second, from equipment listings supplied by the university, a sample
of research instrument systems was selected from each department and facility, and the principal
investigator (or other knowledgeable individual) was asked to provide information about the
instrument’s cost, age, condition, usage, etc. These latter data were used to construct quantitative
statistical ir.dicators of the cost, conditicn, etc. of the national stock of existing academic research
instruments in the fields surveyed.

The equipment survey component of the baseline study was restricted to instrument
systems with an original purchase cost of $10,000 to $1 million. Systems above this range are
generally subject to specific, case-by-case needs assessment at time of acquisition, and their
continued operation is individually subject to ongoing policy analysis. At the other extreme, it was
the consensus of NSF advisors that irdividual pieces of equipment below $10,000 are seldom of

5andin;wppon for the medical school component of the Phase I data collection was providcd by the National Institutes of Health in
both the baseline and update surveys.




critical importance in determining whether an academic scientist or engineer is able to pursue his

or her research interests.

THE UPDATE SURVEY

The 1985-86 National Study was intended to update the national estimates that were
obtained three years earlier in the baseline study and to document instrumentation-related
changes during the period between the two studies. With three exceptions, the methodology of the
update survey was essentially the same as in the baseline:

1.  The college/university universe to which the 1985-86 study estimates apply was
updated to encompass the 174 institutions with FY 1984 separately-budgeted
R&D expenditures of $3 million or more (excluding medical schools). Using
the same criterion with FY 1980 R&D expenditures data, the baseline study
universe consisted of 154 institutions.

2. The college/university sample was expanded from 43 to 55 institutions. The
update study sample includes all baseline study institutions, plus 12 others. The
current sample includes all colleges/universities that are in the top 20 in FY
1984 R&D expenditures in science and engineering, plus a sample of 35 of the
remaining 154 institutions in the study universe.

3. To reduce response burden for participating institutions, engineering
departments and departments within the agricultural and biological sciences
were subsampled in the update study. In the baseline, all departments in
applicable fields were asked to participate.

The above changes apply only to the college/university component of the survey. For
the medical school component, no changes were made in the institution universe or sample, and
there was no subsampling of biological science departments within medical schools.

As was true for the baseline study, the response rates in the 1985-86 update survey
were very high:

. One hundred percent of the 79 sampled institutions agreed to participate in the
update survey. The baseline study also enjoyed 100 percent participation at tue
institution level.




s Ninety-two percent of the 1,050 sampled departments and facilities responded
to the department/facility questionnaire, down slightly from 94 percent in the
baseline study.

s Responses were received for 94 percent of the 14,424 sampled instruments
within sampled departments and facilities, down slightly from the 96 percent
instrument-level response rate in the baseline study.

Whatever else the content of the responses may reveal, these high levels of response
in both the baseline and update surveys indicate a strong and unabated interest throughout the
academic community in the central topic of this survey - the adequacy of existing research

equipment.

THIS REPORT

This analysis of data from the 1985-86 NSF instrumentation survey has two principal
objectives: (a) to develop quantitative statistical indicators of the current national stock of
academic research equipment in the major science/engineering fields, and (b) to document
changes in these indicators since the previous (1982-83) study. Throughout this report, the
emphasis is upon the identification and description of major changes from 1982-83 to 1985-86 in
the quantity, quality, cost, and condition of academic research equipment in the United States,
with minimal speculation either about the root causes or about the public policy implications of
these changes. The analysis is divided into four major sections:

1. Overall treads and trends by type of institution;
2. Trends in the physical and environmental sciences;
3. Trends in engineering, computer science, and materials science; and

4. Trends in the agricultural and biological sciences.

In each secticn, findings are highlighted regarding trends from 1982-83 to 1985-86 in
equipment amounts, fund 'ng sources, quality/adequacy, usage patterns, and maintenance/repair.

Further information about the survey design, response rates, and analysis

procedures - including definitions of key analysis variables — is presented in Appendix A
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(Technical Notes). The detailed statistical tables, which provide the basis for the following
discussion, are presented in Appendix B. These ;ppendix tables contain a wider range of statistics
and a larger number of field breakouts (representing multiple levels of aggregation/
disaggregation) than are discussed in the text. Additional information about the survey is provided

in Appendices C-G.

The discussion of trend findings contains numerous references to changes from 1982-
83 to 1985-86 in equipment-related expenditures, dollar amounts, numbers of instrument systems,
etc. All such direct measures of change adjust for the effects of inflation by comparing estimates
from the 1982-83 study to inflation-adjusted versions of the same estimates, as calculated from the
1985-86 data. The inflation adjustment procedure, which is based on annual producer price indices
published by the U.S. Bureau of Labor Statistics, is described in Appendix F. The inflation-
adjusted versions of such 1985-86 estimates are presented in the detailed statistical tables in
Appendix B, along with the analogous estimates for 1982-83 and with the unadjusted estimates for
1985-86. In the presentation and discussion of findings from the 1985-86 survey, however, it is
always the unadjusted estimates that are cited in the text and in text tables.
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1. OVERALL TRENDS AND TRENDS BY TYPE OF INSTITUTION

1.1 QUANTITY OF ACADEMIC RESEARCH EQUIPMENT

This section examines trends from 1982-83 to 1985-86 ir the amount of academic
research equipment, overali and by type of college/university (public vs. private, top 20 in R&D
expenditures vs. not in top 20).! Part A describes quantitative trends in amounts of in-use research
equipment in the $10,000 to $1 million range, the equipment category of primary interest in this
research. Limited information is also available about trends for more broadly defined groupings of
equipment, including equipment that is physically present but not in active research use (e.g.,
obsolete equipment and equipment still under construction/development) and research systems
costing over $1 million per unit. Part B presents trend findings for these latter categories of
equipment. Here and throughout this report, equipment amount is measured in terms of both the
number of research instrument systems and the aggregate purchase price of these systems. All

measures of change in equipment amounts are adjusted for inflation (see Appendix F).

A.Change in Amounts of In-use Research Equipment

Substantial turnover occurred in the national stock of in-use academic research
equipment in the three-year period between 1982-83 and 1985-86. About one out of every four
systems in research use in 1982-83 was no longer being used for research by 1985-86, and
conversely, about two-fifths of all systems in research use in 1985-86 had been acquired in the
three-year period since the Cycle I study was conducted (Table 1). These rates were no different
for private than for public colleges and universities, and they were no different at the top 20 R&D
institutions than at the smaller R&D performers.

1Dam from biological science departments in medical schools are included in the overall findings but not in the institution type categories
used in this section. Findings for medical school biological science departments are discussed in Section 4.

9 20




Table 1. Equipment retirement and acquisition rates by type of institution, 1982-83 to 1985-861

Colleges/universities
Index Total
Private Public Top 20 Not in
in R&D top 20
Retirements (percent)
Of systems in research use in
1982-83, percent retired in
the 3-year period 1982-83
t0 1985-86........0c000000m000r000m0rmmesverrens 8% 2% 24% 24% U%
Acquisitions
Of systems in research use in
1985-86, percent acquired in
the 3-year period 1982-83
to 1985-86. 37% 39% 38% 40% 37%

1From Appendix 1able B-6. Medical schools, which are discussed elsewhere, are included in the total but not in the
college/university subtypes.

SOURCE: National Science Foundation, SRS

The total dollar amount of in-use research equipment in the $10,000 to $1 million
range was $2.0 billion in 1985-86. Adjustii:g for inflation, this represents a net increase oi 44
percent from the analogous figure for 1982-83, $1.3 billion (Table 2). Changes of similar
magnitude occurred for two other measures of total quantity of in-use research equipment -- the
total number of in-use systems increased 43 percent, and the average (mean) dollar amount of in-
use research equipment per institution was up 39 percent. These quantitative estimates were all
derived from the survey of instruments sampled from institution property inventory records.
Another quantitative indicator, derived from the survey of department heads, is the average
(mean) annual expenditi.re per institution for purchase of research equipment. This department-
based measure of annual equipment expenditures increased 44 percent from 1982-83 to 1985-86,
consistent with the instrument-level trend data (Table 2).
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Table 2. Instrumfntation amounts, prices, and expenditures, by type of institution, 1982-83 to

1985-86

Colleges/universities.
Index Total
: : Top 20 Not in
P Publi P
rnvate ublic in R&D top 20
Number of systems in
research use
1982-83....ccrvetrinririinns . 36,300 8,900 18,500 10,000 17,400
1085-86......c000001 s 53,900 11,900 29,800 14,600 27,200
Percent change”............ccooenvvennrens 43% 29% 54% 42% 4%
Aggregate purchase price
of systems in research usc
(dollars in millions)
1982-83 $1,311 $370 $684 $389 $664
1985-86 5 31,982 $494 $1,120 $558 $1,055
Percent change”...........cccocvnirreene 49 21% 54% 39% 48%
Mean amount of in-use
equipment per institution
(dollars in willions)
1982-83....cooumecunirrecnnsramsenssassans vores $5.31 1.3 $6.58 $19.46 $4.92
1985-86.....c000000s, g o $7.45 $8.82 $9.49 $27.91 $6.85
Percent change”............c.ccevvrnnnneee 39% 27% 43% 39% 40%
Mean price per system
1982-83 ..covrnrentrimssronisimerionsernserens $36,100 $41,600 $37,000 $39,100 $38,200
1985-95%......cu0ee s $36,800 $41,300 $37,500 $38,200 $38,800
Percent change”...........ccvevvevennenn. 1% 2% 0% -4% 1%
Mea.: annual expenditures
per institution for research
equipnient (dollars in mil'ic ns)
1982-83....cvrcrcricreresirass cssonssns arsssone $1.67 $2.30 $2.06 $5.°4 $1.60
1985-86 .......c00. -, e+ e $2.58 $3.49 $3.32 $10.04 $2.52
Percent change”................ccoume... 4% 47% 2% 7% 8%

ll"'rom Appendix Tables B-7 to B-10, B-34 to B-35. Medical schools, which are discussed elscwhere, are included in the

total but not in the college/university subtypes.

2Eslimatcs are adjusted for inflation. For procedure, see Appendix F.

SOURCE: National Science Foundation, SRS




One quantitative measure that did pot change much was the average (mean) purchase
price per in-use research system. In 1985-86, the average price per system was $36,800, essentially
unchanged (after adjustment for inflation) from the 1982-83 average of $36,100 per system
(Table2). This finding does not imply that prices have remained stable for most kinds of
equipment over the three year-period encompassed by this analysis. On the contrary, examination
of unit cost data for specific categories of research equipment in the biological sciences (electron
microscopes, diffractometers, ultracentrifuges, etc.) suggests that different kinds of equipment
have experienced widely varying changes over this period, in unit price and/or in frequency of
purchase. Apparently, however, the various changes have evened out in the aggregate, leaving the
statistical average price per system in 1985-86 much the same as it was in 1982-83.

The top 20 R%D universities had an average of $27.9 million per institution in in-use
research equipment in 1985-86, much more than the average across the next 154 colleges and
universities: $6.9 million. However, the rate of growth from 1982-83 to 1985-86 in per institution
average instrumentation amounts was essentially the same for top 20 institutions \19%) as for
those not in the top 20 (40%) (Table 2).

In 1982-83, the average amount of in-use research equipment per institution was
slightly higher for private colleges and universities ($7.2 million per institution) than for ones in
the public sector ($6.6 million). However, the rate of growth in average instrumentation stocks
over the next three years was considerably lower for private than for public colleges/universities
(27% and 43%, respectively), with the result that the average 1985-86 equipment level for private
colleges/universities had become lower than the corresponding average for public institutions
($8.8 million and $9.5 million, respectively) (Figure 1). Other measures of trends in accumulated
amounts of in-use research equipment also showed substantially higher growth rates at public than
at private institutions (Table 2).
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Figure 1

Mean dollar amount of in—use instrumentation per institution,

by control of institution, 1982-83 to 1985-86'

$101

Public coll./univ. 7
g (43% increase) 7

Private coll./univ.
(27% increase)

Dollars in millions
[0+

1982—83 1985-86

' The data do not include medical schools. The straight lines comectlng the two data points ore not
meant to imply linear increases tiroughout the intervening period

SOURCE: National Science Foundation, SRS

B. Trends for the Total Stock of All Research Equipment Valued at $10,000 or More

The total national stock of academic research equipment costing $10,000 or more per
system -- including obsolete equipment and equipment costing over $1 million -- increased from
$2.3 billion to $3.4 billion over the three-year period from 1982-33 to 1985-86 (Table 3). This
represents an increase of 44 percent over this period, about the same as noted earlier for the
subset of in-use equipment in the $10,000 to $1 million range. The totality of all equipment in the
$10,000 to $1 million cost range increased from $1.6 billion to $2.3 billion (38%). Large systems
that were beyond the scope of the study’s detailed data collection, generally because they cost
more than $1 million per unit, increased at an even greater rate, 56 percent (from $700 million to
$1.1 billion).

Among large systems, 75 percent of the 1985-86 dollar value was in computer centers

(either general purpose computers or computers dedicated for research applications). The dollar

amount of equipment in academic computer centers used partly for research nearly doubled (up




Table3.  Aggregate purchase price of academic reseach equipment, including systems costing
more than $1 million, by equiPment category and type of college/university: National
estimates, 1982-83 to 1985-86

Aggregate purchase price
Equipment category (dollais in millions)
and college/
university type

1082-83 1985-86 Percent change3

Total? . $2,303 $3,441 44%
Equipment category

Systems costirg
$10,000 - $1 miliion

Large systems (generally
over $1 million), total

General purpose research
computer centers

Dedicated research
computers

Research vessels

College/University type

Private
Public

Top 20 in R&D
Not in top 20

1l-'rom Appendix Table B-1.
2Medical schools, which are discussed elsewhere, 2-¢ included in the total but not in the college /university subtypes.
3Estimates are adjusted for inflation. For procedure, see Appendix F.

SOURCE: National Science Foundation, SRS




88%), from $420 million in 1982-83 to $799 million in 1985-86. Equipment in academic computer
centers dedicated entirely to research increased by over 800 percent,? from $3 million in 1982-83 to
$29 million in 1985-86. Markedly different trends were found for large systems in
physics/astronomy, however: there was no net growth in large systems for research in high energy
physics ($165 million in both 1982-83 and 1985-86, in constant-dollar terms), and equipment in
observatories actually declined by 65 percent (Table 3).

Comparing public and private colleges/universities, the trends for all research
equipment costing $10,000 or more are similar to the trends noted earlier for the subset of
equipment that was in active cesearch use and cost $10,000 to $1 million: public
colleges/universities had a substantially larger rate of growth than did private institutions: 54
percent vs. 26 percent (Table 3).

Colleges/universities not in the top 20 in total R&D expenditures had a substantially
larger rate of growth in dollar amount of all $10,000 or more equipment than did the "top 20"
colleges/universities: 56 percent vs. 25 percent (Table 3). This difference between the largest and
the smaller R&D performers is much greater than that seen earlier for the subset of in-use
research equipment in the $10,000 to $1 million range. It appears to indicate that, in the three-
year period from 1982-83 to 1985-86, there has been an especially pronounced expansion of central
computing facilities at intermediate-size colleges/universities, those that are not in the top 20 but
that have more than $3 million in annual R&D expenditures.

In the period 1982-83 to 1985-86, some notable shifts have occurred in the distribution
of research equipment among the fields represented in this study. Al fields evidenced increases in
the total dollar amount of research equipment in the $10,000 to $1 million range (including both
in-use and not-in-use equipment), but some fields increased (or decreased) their share of the total
(Table 4). Thus, physics/astronomy evidenced the largest relative decline in research equipment,
from 14.0 percent of the 1982-83 total to 12.1 percent of the 1985-86 total (-1.9 percentage points).
The largest relative increase (also of 1.9 percentage points) occurred in biological science

znme findings refer to obscrvatories, reactors, sccelerators, and other large research systems in academic settings, with the exception of
18 facilitics formally designated as university-administered FFRDC's (Federally-funded Research and Development Centers).
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departments in colleges/universiti~s, which grew from 11.5 to 13.4 percent from 1982-83 to 1985-
86. Computer science, electrical engineering, and mechanical engineering also experienced
noteworthy relative increases in equipment shares, while the smaller ("other") engineering fields
collectively declined (Table 4).

Table4.  Change from 1982-83 to 1985-86 in the distribution of academic research equipment,

by field
1982-83 1985-86
Change
Field in
Total Percent Total Percent percent
stock? of stock stock? of stock
(dollars in millions)
All surveyed S/E fields................... $1,604.9 100.0% $2,342.2 100.0% 0
Computer science......................... 59.4 37 105.7 4.5 08
Electrical engineering..................... 799 5.0 126.4 5.4 0.4
Mechanical engincering................ 67.2 4.2 105.0 4.5 0.3
Other engineering........................ 1814 113 229.6 9.8 -15
Materials science...............cooooournnenn. 371 2.3 48.2 21 0.2
Physics/astronomy......................... 2252 14.0 282.7 12.1 -19
Chemistry......... 2518 15.7 365.4 15.6 -0.1
Environmental sciences.................. 1247 78 199.7 8.5 0.7
Biological sciences in
medical schools 2846 17.7 402.0 17.2 -0.5
Biological sciences in
colleges /universities................... 1848 115 313.0 13.4 1.9
Agricultural sciences...................... 424 2.6 67.4 29 03
Other, n.e.c 66.4 41 97.0 4.1 0.0

1From Appendix Tables B-4 and B-4a.

2All physically present research equipment in $10,000-$1 million range, including systems that are inactive/inoperable,
systems in research use, and systems not yet in research use

SOURCE: National Science Foundation, SRS
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12 SOURCES OF FUNDS FOR IN-USE EQUIPMENT

In relative terms, Federal funding support for academic research equipment declined
somewhat from 1982-83 to 1985-86. Thus, 55 percent of all in-use systems in 1985-86 were
acquired, either partially or entirely, with Federal funding support, down from 60 percent in 1982-
83. This trend exists in all types of institutions (Appendix Table B-12).

Although its share declined, Federal funding support for in-use research equipment
increased 30 percent in real dollar ter-as, from $663 million in 1982-83 to $906 million in 1985-86
(Table 5). Among the major Federal funding sources, NSF and the Department of Defense had
the lowest rates of funding growth (26% and 28%, respectively), while the Department of Energy
and the National Institutes of Health had larger rates of growth (36% and 46%, respectively).

Non-Federal sources of instrumentation funding support generally increased at rates
considerably higher than those seen for Federal sources: funding from institution budgets
increased 47 percent, State government support increased 72 percent, support from business and
private donations increased 69 percent, and support from other sources (mainly foundations)
increased 61 percent (Table 5).

Private colleges and universities have been more dependent upon Federal
instrumentation support than have public institutions. In 1982-83, private institutions had an
average of $4.31 million per institution in Federally funded equipment (representing 62% of the
value of their in-use research equipment), as compared to $3.08 million per institution at public
colleges and universities (which represented only 48 percent of the total value of their in-use
research equipment) (see Appendix Table B-13a). in 1985-86, private colleges/unive,sities still
had comparatively large amounts of Federally funded research equipment -- $4.9 million per
private institution vs. $3.8 million per public institution -- although the percentage growth in
Federal instrumentation support was not ¢s great for private as for public institutions (19% and
34%, respectively) (Figure 2). This comparatively low rate of increase from private institutions’
majc r source of instrumentation support (the Federal government), together with the fact that the
large growth in State-sponsored instrumentation support impacted almost entirely on public
institutions (Table 5), largely accounts for the comparatively small overall increase in

instrumentation stocks at private institutions that was noted earlier.
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Table 5. Sources of funds for purchan of systems in use in 1985-86 and percert change from
1982-83 by type of institution
Colleges/universities
Total .
Private Public Top 20 Not in
Source of funds n R&D top 20
1985. [Percent| 1985- |Percems | 1985- | Percent 1985 |Percent| 1985- |Percent
86 dnngez 86 chngez 86 clung:z 8 dnngcz 86 dnngez
(dollars in n. ‘Tions)
Total, all reported SOUTCES .....veeverrmen... $1,884 42%  $466 U% S0 3% 3540  38% $1,003  46%
All Federal sources $906 W% 8277 19% $53  U% $268 5% $462 W%
NSF $306 2% $118 ¥%  S10  N%  $116 8% S$I 2%
NIH 20 4% M9 S0% L)1 $6% $44 2% $6 6%
DOD $142 8% $o4 16% $7%6 4% $53 %% 886 2%
DOE...... S0 %% $17 U% 173 9% $28 2% 360 4%
All others $9 9% $0 9% $66 8% $27 % $68 1%
All non-Federal sources......................... $978  S5% $190 2% $624 49% 22713 58% $540 63%
INSEUtion funds. .. ...ooccoovoeeose.. $580 47% $99 8% $367 61%  $160 6% $306 64%
State government ........c.c..occeecureerrnnnnnnn. $14 % 52 - $98 66% $26 8% $713  58%
Business/private donations................. 2% 9% M 6%  S130  101% ST 9% 8133 51%
Other. 45 61% $10  S52% $28 9% s10 %% $29 118%

1From Appendix Tables B-13 to B-14a. Medical schools, which are discussed elsewhere, are included in the total but not in
the college/university subtypes.

2Estimates are adjusted for inflation. For p-ocedure, see Appendix F.

SOURCE: National Science Foundation, SRS




Figure 2

Mean dollar amount of in—use research equipment per
institution in 1985-86, by fyfpe of institution and source of
funds, and percent change from 1982-83'
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'Medical schools, which are discussed eisewhers, are included in total but not in the college/university subtypes.

SOURCE: National Science Foundation, SRS
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13 QUALITY/ADEQUACY OF EXISTING EQUIPMENT

It appears that there has been an increase in the overall quality, as well as in the
quantity, of the national stock of academic research equipment from 1982-83 to 1985-86. Several
indicators point to this conclusion.

Obsolescence

Perhaps the clearest indication of improved quality in the national stock of academic
research equipment is that the greatest rates of net growth from 1982-83 to 1985-86 occurred
among the most advanced (least obsolete) categories of equipment. Thus, breaking down the
overall 38 percent increase in the total stock of equipment in the $10,000 to $1 million range
(Table 6):

s Systems and components that were still under construction/development and
not yet in research use as of the end of the survey year increased 136 percent,
from $31 million in 1982-83 to $82 million in 1985-86;

s In-use systems classified by their users as state-of-the-art increased by 50
percen’, from $371 million to $595 million;

8 Other in-use systems, classified as not state-of-the-art, increased by 41 percent,
from $939 million to $1.4 billion; and

s Obsolete systems, ones that were inactive or inoperable throughout the year of
the survey, increased by only 1 percent in real terms, from $263 million to $278
million.

This pattern of much greater increases in advanced than in obsolete equipment is
found in both the large (top 20) R&D performers and the smaller institutions (Figure 3). The
pattern is highly characteristic of public institutions, where the rates of real growth in not-yet-in-
use equipment (223%) and in state-of-the-art equipment (60%) were especially high (Table 6).
Private institutions, which experienced a comparatively low overall rate of growth in
irstrumentation stocks, also evidenced comparatively little qualitative differentiation (the rates of
growth being 20% for not-yet-in-use, 36% for state-of-the-art, 22% for other in-use, and 11% for
obsolete equipment) (Table 6).

30
20




Figure 3
Mean dollar amount of research equipment per institution in .
1985-86 and percent change from 1982-83, by system status
and type of institution 2
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1 Advonced include ones that are still under development ond not yet in use, plus in—~use systems that

are judged by their users to be state—of—the—art. Other systems include in—use systems that ore not state—
of—the—art, pius inoctive/inoperable systems.

2 yedical schools, which ore discussed eisewhers, are included in total but not in the college/university subtypes.

SOURCE: National Science Foundation, SRS




Table 6.  Aggregate dollar amount of academic research equipment, by system status, 1982-83

to 1985-861
System status 1982-83 1985-86 Percent change2
(in millions of dollars)
All systems $10,000 to
$1million.......o.ooovveviee e, $1,605 $2342 38%
Advanced systems..................ooomrvrerrnenne.. $502 $677 56%
NOt YEt in USE ..o e $31 $82 136%
State-of-the-art..............ccconvervemrrremcrrc $31 $595 50%
Other SYStEmS..........ccvvcvereeerrreceneeeesenereene $1,202 $1,665 32%
Other in-USe......c.ovovevrererenreeeeer e $939 $1,387 41%
Inactive/inoperable..................nn......... $263 $278 1%

1Den'ved from Appendix Tables B-4 and B-4a.

2Estimates are adjusted for inflation. For procedure, see Appendix F.

SOURCE: National Science Foundation, SRS

Access to Advanced Instrumentation

We tend to think of non-state-of-the-art research equipment as being outdated,
limiting, and generally undesirable. This is an oversimplification, however. In fact, it can be highly
advantageous for a department to have substantial amounts of non-state-of-the-art equipment on
hand, as long the research users of such equipment have access to more advanced instrumentation
when needed. Thus, one indication of improving quality/adequacy of an institution’s stock of
research equipment would be an increase in the proportion of non-state-of-the-art systems whose
users have access to more advanced equipment when needed. Such an increase was found, overall
(from 54% to 62% between 1982-83 and 1985-86) and for all major irstitution types (increases of
similar magnitude) (Table 7).
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Table7.  Adequacy of existing research equipment, by type of institution, 1982-83 to 1985-861

Colleges/universities
Total . . Top 20 Not in
Index Private Public in R&D top 20

1982- | 1985- | 1982- | 198S- 1982- | 1985- 1982- | 1985- | 1982- | 1985-

83 86 83 86 83 86 83 86 83 86
Percent of non-state-of-the-art
systems whose users also have
access to “nore advanced systems
when needed........nicnns + e 4% 6% 52% 62% 52% 61% 56% 63% 50% 60%
Percent of department heads
assessing the overall adequacy
of the research equipment
available to their faculty as:
Excellent 1% 11% 13% 18% 8% Y% 1% 12% 11% 11%
Adequate 54% S4% 55% 57% 48% 49% 55% 57% 48% 39%
Insufficient %% 5% 3N% 25% 45% 2% 40% 31% 41% 1%

1From Appendix Tables B-20 and B-31. Medical schools, which are discussed elsewhere, are included in the total but not in
the college/university subtypes.

SOURCE: National Science Foundation, SRS

Department Heads’ Perceptions

There was no overall change from 1982-83 to 1985-86 in the percent of
science/engineering (S/E) department heads who characterized as insufficient the research
equipment available to their faculty. However, among S/E department heads at top 20 institutions
in R&D, a slight decline was found in the percent characterizing their equipment as insufficient:
down from 40 percent in 1982-83 to 31 percent in 1985-86 (Table 7.

)
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14 USAGE PATTERNS

Despite the pronounced quantitative and qualitative changes that occurred from
1982-83 to 1985-86 in the national stock of in-use research equipment, little change was found in
the places, ways, or frequencies with which research equipment is used (Table 8). Thus, little
change was found in the proportions of systems assigned to different kinds of research laboratories
(within-department labs of individual investigators, department-managed common labs, etc.) or in
the proportion of systems dedicated for use in a specific experiment or series of experiments. The
average (mean) number of research users per system per year also remained essentially

unchanged, over. " and for different kinds of equipment.

This last finding, that the average number of users per system has not declined despite
the substantial increase in the total numbers of systems in research use, is consistent with
department heads’ assessments that the general adequacy of available research instrumentation --
in terms of its ability to permit faculty to pursue their major research interests -- did not change
greatly from 1982-83 to 1985-86. Taken together, these findings suggest that the quantitative and
qualitative increases in instrumentation that have occurred during this three-year period, while

substantial, have not been large enough to produce any demonstrable surfeit of equipment.

1.5 MAINTENANCE AND REPAIR

Annual expenditures for maintenance and repair (M/R) of in-use research equipment
grew substantially during the period 1982-83 to 1985-86, from $50 million to $79 million (Table 9).
This increase of 41 percent is of about the same magnitude as the 44 percent growth over this
period in the total dollar amount of in-use equipment (Table 2). Consequently, when annual M/R
expenditures are expressed as a percent of the dollar value of the equipment to be maintained,
annual M/R zxpenditures have remained roughly constant at about 4-percent of aggregate
equipment purchase price (Table 9).

G
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Table 8.  Patterns of equipment usage, by type of institution, 1982-83 to 1985-861

Colleges /universities

Total ) ) Top 20 Not in
Index Private Public in R&D top 20

1982- |1985- | 1982- |1985- 1982-  |1985- 1982- |1985- | 1982- |1985-

83 86 83 86 83 86 83 86 83 86
}
Percent of in-use systems located in:
Within-department labs of individual
principal investigators (PI's) ............... 59% 56% 60% 65% 56% 51% 58% 54% 57% 56%
Department-managed common
18D ottt et e e 2% 31% 21% 25% 34% 33% 29% 2% 33% 30%

Other shared-access locations....... 8% 13% 13% 10% 10% 16% 13% 14% 10% %

Percent of in-use systems that are:

Dedicated for use in a specific

experiment or series of

esperiments 2% 31% 33% 36% 29% 32% 31% 31% 29% 34%
Available for general purpose use........... 3% 69% 61% 64% 7% 68% 69% 9% 1% 66%

Mean number of users per system

per year

Al i11-USE SYEMS..covrverre +  eorre e e “ 14 18 16 1 15 19 17 13 14
DediCated.. .......uueooeeeess srres e 8 8 9 8 8 8 10 10 7 8
General purpose 6 17 2 20 16 18 2 0 15 17

1From Appendix Tables B-21, B-24, and B-26 Medical schools, which are discussed elsewhere, are included in the total but
not in the college /university subtypes.

SOURCE: National Science Foundation, SRS
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Table 9. Maintenarice and repair (M/R) of research equipment, by type of institution, 1982-83
to 1985-86

Colleges/universities

Top 20
inR&D

Annual expenditures for M/R

Total (dollars in millions)................ $500 $79.0 $149 $214 $248 $22.1 5243
Percent change from 1982-83 4% 27% 30%

M/R expenditures as a percent
of system purchase price 38 40% 41% 4.3%

Annual expenditures for servi.¢
contracts

Total (doliars in millions)............... $257 $483 380  $133 } 2 $129  $10.7
Percent change from 1982-83 61% 4% 65%

Annual expenditures for a!l other
forms of M/R

Total (dollars in nullions)..... e o $243  $307 %69 $8.1 . $9.3 8136
Percent change from 1982-83°....... .. . 12% 4% 1%

Percent of in-use systems with

M/R from:
SeIvViCE CONLIACES.......vreecerrrereereenceenrenne % U% 22% 26% 17% 19% 18% 20% 19% 21%
Other means of s=1vice 8% S50% 58% 47% 65% 55% 64% 3% 63% 53%
No M/R was required......... wucrs 18% 26% 19% 8% 17% 26% 19% 8% 17% 2%
Mean annual M/R expenditures
per system (dollars in thousands)
Service CONtracts...........cocoeveecenns .+ . o $3.2 339 44 M5 $3.3 $4.6 44 $4.6 $34 $4.6
All other means of M/R...................... 25 $25 328 $33 $28 $2.7 $29 $2.7 $2.7 $29
General working condition ¢
in-use systems (pcrcent of
systems)
Excell” nt .o 2% 55% 54% 52% 51% 56% 51% 5% 52% S55%
Adequate o 8% 38% 3I5% 41% 39% 37% 38% 8% 38% 3%
Poor 10% 7% 10% 7% 10% 7% 11% e 10% 7%

1From Appendix Tables B-8, B-17, B-27, B-28, B-28a, B-30, and B-30a. Medical schools, which are discussed elsewhere, are
included in the total but not in the college/university subtypes.

2Estimates are adjusted for inflation. For procedure, see Appendix F.

SOURCE: N=ztional Science Foundation, SRS
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The composition of M/R expenditures has not remain=d constant, however: overall

and for all institution types, annual expenditures for service contracts have increased far more than
for other forms of M/R (Figure 4,. This change reflects increases both in the average annual cost
of service contracts (up from $3,200 per system in 1982-83 to $3,900 in 1985-86) and in the number
(but not the proportion) of systems being maintained with service contracts (Table 9). Perhaps in
compensation for these increasing service contract costs, the proportion of in-use systems that
received po maintenance/repair service at all increased from 18 percent to 26 percent from 1982-
83 to 1985-86 (Table 9). Some of these systems may be ones where the investigator cannot afford
an additional service contract and is gambling that the instrument will not develop major problems
in the immediate future. If so, some of these short-term economies may result in added M/R

costs in future years.

Judging from investigators’ assessments of systems’ general working condition, there
was little apparent change from 1982-83 to 1985-86 in the quality of the maintenance/repair being
performed. The proportions of in-use systems judged to be in "excellent,” "adequate,” or "poor”

condition were about the same in both surveys (Table 9).

The M/R findings for institutions in the top 20 in total R&D were quite similar to
those for smaller R&D performers. The two categories of institutions had remarkably similar
patterns in terms of types and average costs of M/R and also in terms of the general working

condition of their equipment.

There were some M/R differences between public and private colleges/universities,
however. In 1985-86, private institutions had service contracts on a larger fraction of their in-use
equipment than did public institutions (26% vs. 19%), and M/R expenditures as a percent of total
value of in-use equipment were higher at private than at public institutions (4.3% vs. 3.9%). On
the other hand, public institutions increased their expenditures for service interests at a
considerably higher rate than private institutions in the period 1982-83 to 1985-86 (120% vs. 47%).
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Figure 4

Mean expenditures in 1985-86 per institution for

maintenance/repair (M/R) of in—use equipment, by type of

institution and type of M/R, and
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1Matlit:t'.ll achools, which are discussed elsewhers, are included in total but not in the college/ .niversity subtypes.
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2. TRENDS IN THE PHYSICAL AND ENVIRONMENTAL SCIENCES

2.1 AMOUNT OF EQUIPMENT

This section discusses trend findings for three fields, each of which is comparatively
large in terms of 1985-86 dollar amount of in-use research equipment: chemistry ($322 million),
physics/astronomy ($221 million), and the environmental sciences ($170 million) (Table 10).
Together, these three fields account for 36 percent of the dollar amount of all in-use research

equipment in the S/E fields encompassed in this research.

Of these three fields, the environmental sciences -- geology and related disciplines --
experienced the greatest rate of growth in the value (aggregate purchase price) of its national stock
of in-use research equipment, a 47 percent real increase from the 1982-83 level ($109 million).
This is slightly above the increase for all S/E fields during this period (44%). Chemistry
experienced a similarly high growth rate (44%) from its 1982-83 base of $210 million.
Physics/astronomy, on the other hand, had one of the smallest increases of all S/E fields and
subfields: up only 16 percent from its 1982-83 base of $180 million. Much research equipment in
physics/astronomy is over this study’s $1 million upper limit for detailed data collection, but the
growth trends were evea lower for these "big ticket" items, which actually declined in aggregate
value (see Table 3, above).

The pattern is generally similar when quantitative change is measured in terms of
numbers of in-use systems (Figure 5), although the growth rate for physics/astronomy is not quite
as low on this measure (up 28%) as it is with measures of aggregate inventory value. The reason
the number of in-use systems in physics/astronomy grew at a noticeably greater rate than the
aggregate dollar amount of in-use equipment in this field is that physics/astronomy was one of the
few fields where there was a substantial real decline in the average (mean) purchase price per in-
use system, from $45800 in 1982-83 to $41,700 in 1985-86, a reduction of 9 percent after
adjustment for inflation (Table 10).

Another interesting indicator is obtained vhen department-reported annual
expenditures for research equipment in a field are expressed as a percent of total annual R&D
expenditures in the field. Across all of the fields encompassed in this study, 1985-86 expenditures

o
to

29




Table 10.  Instrumentation amounts, piices, and expenditures in the physical and environmental
sciences, 1982-83 to 1985-86

Yndex All surveyed Physics/ ) Environmental
S/E fields astronomy Chemistry sciences
Number of systems in
research use
1982-83 ..ot 36,300 3,906 4,800 2,100
1985-86.....  — 53,900 5,300 7,000 3,300
Percent change©........................... 43% 8% 37% 50%
Aggregate purchase price
of systems in research use
(dollars in millions)
1982-83......coeeerrvrrevrrcver e, $1,311 $180 $210 $109
1985-86............. g $1,982 $221 $322 $170
Percent change©....................... 4% 16% 4% 47%
Mean amount of in-use
equipment per institution
(dollars in millions)
L. 720 < $5.31 $1.16 $1.36 $0.70
1985-86 5 - $745 $1.27 $£1.85 $0.98
Percent change“........................... 39% 11% 37% 40%
Mean price per system
U272 < J $36,100 $45,800 $43,600 $51,600
1985-86 5 $36,800 $41,700 $45,900 $51,400
Percent change“.......................... 1% -9% 4% -2%
Annual expenditures for
research equipment (in
millions of dollars)
1982-83....ervemrrcrrces v, $413 $52 $39 $33
1985-86 5 . $687 $39 $79 $52
Percent change“........................... 48% 51% 76% 38%

Annual equipment expenditures
as a percent of total R&D

expenditures
1982-83 8% 10% 13% 5%
1985-86 10% 12% 19% 1%

1Erom Appendix Tables B-7to B-10, B-34 to B35,
2Eltimates are adjusted for inflation. For procedure, see Appendix F.
SOURCE: National Science Foundation, SRS
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for research equipment constituted 10 percent of total R&D expenditures, an increase from 8
percent in 1982-83 (Table 10). This finding of research equipment constituting a growing fraction

of toin] R&D o i< was also obtained in each of the three physical/environmental science fields.

Figure 5

Nt?mber of systems in research use in 1985-86 in the
physical and environmental sciences and percent change
since 1982-83

No. Percent change
systems 0O 10 20 30 40 50

v L g L L g

ALL SURVEYED
S/E FIELDS 22900

Physics/

astronomy 5,300

Chemistry 7,000

Environmental

sciences 3,300 S50

SOURCE: National Science Foundation, SRS
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22 SOURCES OF FUNDS

In pnysics/astronomy, 87 percent of the research equipment in use in 1982-83 had
been acquired with Federal funding support (see Appendix Table B-12). Chemistry and the
environmental sciences were somewhat less dependent on Federal support, having obtained 64
percent and 57 percent, respectively, of their 1982-83 in-use systems with Federal funding support.
These relative support levels remained essentially unchanged for chemistry and the environmental
sciences, but in physics/astronomy the percent of systems with Federal funding support declined
(by 12%) to 75 percent by 1985-86. Even at this reduced level, however, physics/astronomy
showed a much higher dependence on Federai support than the overall average across all S/E
fields, where 55 percent of in-use systems were acquired with Federal support. Since other types
of support generally grew faster than Federal support, this helps provide one reason for the
comparatively slow rate of instrumentation growth in physics/astronomy.

In real dollar terms, the Federal contribution to the total stock of ir -use research
equipment in physics/astronomy remained essentially the same from 1982-83 to 1.85-86, overall
and for all three of the field’s major funding sources: the Department of Energy (DOE) (no real
increase), NSF (1% increase), and the Department of Defense (DOD) (13% increase) (Table 11).
This is considerably below the overall trend in Federal support, which grew by 30 percent across all
S/E fields. Physics/astronomy alsc remained essentially static in funding from business/donation
sources (up 2%) and from foundation/other sources (down 6%). Perhaps partly in compensation
for the relative decline in these outside sources of support for physics/astronomy, university
funding increased at a far above-average rate (80%), as did funding from State government (up
several hundred percent from a small base in 1982-83), but these increases were not sufficient to
enable physics/astronomy to keep pace with other S/E fields.

In contrast to the above, chemistry enjoyed substantial real increases in
instrumentation funding from all of its principal sources of Federal support: NSF (up 22%), NIH
(up 64%), DOE (up 186%), and DOD (up 54%). All nonfederal sources also had above-average
increases in chemistry (Table 11).

Of the three physical/environmental science fields, the environmental sciences had
the greatest overall rate of growth in Federal support: up 45 percent (Figure 6). This includes
major real increases from NSF (up 71%), DOE (up 70%), and DOD (up 44%). Support from
local institution funds was also up an above-average 53 percent in the environmental sciences.
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Table 11.  Sources of funds for the plirchase of in-use systems in the physical and environmental
sciences, 1982-83 to 1985-

All surveyed Physics/ Chenmi Environmental
S/E fields astronomy emistry sciences
Source of funds
1985- Percent 1985- Percent 1985- Percent 1985- Percent
86 (:hange2 86 change2 86 change2 86 change2
amount amount amount amount
(dollars in millions)
Total, alt reported sources.............. $1,884 42% $209 13% 3305 4% $166 47%
All Federal sources ........................ $906 30% 5141 1% $158 39% $78 45%
NSF..... 3306 2%6% $54 1% $85 2% 30 1%
NIH.....ooeeereeenre e 270 46% s1 . 32 64% s<1 *
DOD 5142 8% $28 13% $15 54% s10 4%
DOE . $90 36% $29 0% 517 186% $15 70%
All other $99 9% $30 % $8 11% 2 13%
All non-Federal sources.................. $978 55% $67 53% $148 49% $88 48%
Institution funds........................... $580 47% $46 80% $96 30% 45 53%
State government ................cce.e.e S114 % $4 . s14 132% s11 36%
Business/private donations ........ $239 69% s14 2% $28 78% $27 39%
Other $45 61% 3 6% 59 b $5 .
lfrom Appendix Tables B-13 to B-14a.

zEstimates are adjusted for inflation. For procedure, see Appendix F.
*Unstable percentage: 1982-83 base is less than $4 million.

SOURCE: National Science Foundation, SR
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23 QUALITY/ADEQUACY
Equipment Quality

One indicator of qualitative improvement in instrumentation stocks is the finding that
there are substantial increases -- over 200 percent -- in the dollar amount of equipment that is
under construction/development for future research use in all three physical/environmental
science fields (Table 12). In two of these fields, chemistry and the environmental sciences, there
are also very high rates of growth in the aggregate dollar amount of state-of-the-art equipment
(70% and 65%, respectively). In the third field, physics/astronomy, the increase in state-of-the-art
equipment was not particularly large (19%), which suggests that there has not been any great
qualitative improvement in that field’s instrumentation stocks. Even in physics/astronomy,
however, the growth in advanced instrumentation was more rapid than it was for other (less

advanced) equipment (Figure 7).

Table 12. Composition of research Yquipment inventories in the physical and environmental
sciences, 1982-83 to 1985-86

All surveyed Physics/ Chemi Environmental
S/E fields astronomy emistry sciences
Inventory
component
po 1985- Percent 1985- Percent 1985- Percent 1985- Percent
8 change 86 change 8 change 8 change
amount amount amount amount
(dollars in millions)
Total, all systems..........cc.ccvnrnnn. $2,342 8% $283 19% $370 36% $200 50%
Advanced systems........o.ceevsencene $677 56% $80 36% $100 71% $70 76%
Not y3tin USE ... cececrersnrsen. 382 136% $14 200+% $8 200+% $8 200+ %
State-of-the-art........................ $595 50% $65 19% 13| 70% $61 65%
Other systems...........cceevsinsesennes $1,566 32% $204 13% $267 26% $130 0%
Other in-use..........ccoreverveernnnn. $1,387 41% $156 15% $231 35% $108 8%
Inactive/inoperable................. $279 1% $48 8% $36 -13% $22 51%

1Dc:l'ivet‘l from Appendix Tables B-4 and B4a.
2Egtimates are adjusted for inflation. For procedure, see Appendix F.
SOURCE: National Science Foundation, SRS
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Figure 7

Aggregate purchase price of the 1985—-86 stock of research
equipment in the physical and environmental sciences, by system
status,' and percent change from 1952-83

Dollars in Percent change
millions 0 20 40 60 80

R

ALL SURVEYED $675 56 M :;svtg:f\:se d
S/E FIELDS
1,665 [ Other
systems
80
Physics/
astronomy 205
100 7
Chemistry
265
70 76
Environmentai
sciences 130

1

Advanced systems include ones that are still under development and not in use, plus in—use systems
that are judged by their users to be stote—of—the—art. Other systems inclu’d.: in—use :yltm that are not
state—of-the—art, pius inactive/inoperable systems.

SOURCE: Notlonal Science Foundation, SRS




Adequacy of Existing Research Equipment
| As noted earlier, extensive use of non state-of-the-art research equipment is not
; necessarily indicative of inadequate instrumentation, as long as the researchers who use non-state-
of-the-art equipment also have access to more advanced instrumentation when it is needed. In this
respect, all three physical/environmental fields appear to have improved: in all three, the percent
of non-state-of-the-art systems whose users have access to more advanced instrumentation when

needed increased by about 10 percentage points from 1982-83 to 1985-86 (Table 13).

In chemistry, the percent of department chairpersons who assessed their research
equipment as being generally "insufficient” to permit faculty investigators to pursue their major
research interests declined markedly from 1982-83 to 1985-86 (from 49% to 29%), a greater
improvement in perceived adequacy of existing equipment than found for any other S/E field
(Table 13). This finding is consistent with other indicators of increased quantity, improved quality,
wide-ranging funding support, and generally improving circumstances for research equipment in
chemistry. In physics/astronomy and the environmental sciences, department heads’ assessments
of the adequacy of existing equipment changed very little between 1982-83 and 1985-86 (Table 13).

Table 13. Adequacy of the research equipment in the physlcal and environmental sciences,
1982-83 to 1985-86 1

All surveyed Physics/ . Eavironmental
S/E fields astronomy Chemistry sciences
Index
1982- 1985- 1982- 1985- 1982- 1985- 1982- | 1985-
83 86 83 86 83 86 83 86
| Percent of non-state-of-the-art
| systems whose users also have
‘ access to more advanced
i systems when needed.....................  54% 62% 55% 65% 48% 57% 53% 63%
| Percent of department heads
| assessing the overall adequacy
i of the research equipment
| available to their faculty as:
| Excellent 11% 11% 2% 10% 6% 13% 9% 10%
Adequate 54% 54% 65% 55% 45% 58% 64% 59%
| Insufficient 36% 5% 33% 35% 49% 29% 27% 31%
1From Appendix Tables B-20 and B-31.

SOURCE: National Science Foundation, SRS




24 USAGE PATTERNS

In physics/astronomy, there was a slight reduction in the proportion of research
equipment located in within-department labs of individual investigators (from 69% to 66% of in-
use systems) and a corresponding increase in the proportion of equipment in department-managed

common labs (from 17% to 21%). Chemistry and the environmental sciences did not show such a
shift (Table 14).

Table 14.  Patterns of equipment usage in the physical and environmental sciences, 1982-83 to 1985-86

All surveyed Physics/ Chemist Environmental
S/E fields astronomy cmistry sciences
Index
1982- 1985- 1982- 1985- 1982- 1985- 1982- | 1985-
83 86 83 86 83 86 83 86
Percent of in-use systems located in:
Within-department labs of individual
principal investigators (PI's) ............. 59% 56% 69% 66% 62% 63% 52% 51%
Department managed common labs ... 32% 31% 17% 21% 30% 29% 2% 28%
Other shared-access locations.............. 3% 13% 15% 13% 1% 8% 20% 22%
Percent of in-use systems that are:
Dedicated for use in a speafic
experiment or series of
EXPELIMENtS.........ccooerenrn e o 27% 31% 48% 51% 31% 35% 33% 42%
Available for general purpose use .... . 3% 69% 52% 49% 69% 65% 67% 58%
Mean aumber of users per system
All in-use systems ..............ccooecueveenn ... 14 14 12 14 19 16 12 11
Dedicated..........ccunnmnnnn v e o 8 8 7 9 9 6 7 8
General purpose............co..unn oor ... 16 17 15 19 A4 20 15 14

lErom Appendix Tables B-21, B-24, and B-26.
SOURCE: National Science Foundation, SRS
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Overall, there was a modest shift vard increasing dedication of equipment to
specific experiments or series of experiments, which was evident in all three

physic.:]/environmental science fields (Table 14).

Consistent with the pattern of generally improving circumstances in chemistry, the
average (mean) number of research users per system per year declined measurably in that field,
from 19 in 1982-83 to 16 in 1985-86. Physics/astronomy and the environmental sciences evidenced

no parti~ular change in average numbers of users (Table 14).

25 F*AINTENANCE AND REPAIR

Total annual expenditures for maintenance and repair of research equipment
increased by 37 percent in the environmental sciences, more than in chemistry {(up 23%) or
physics/astronomy (up 22%) (Table 15). The general trend noted earlier for all S/E fields was
toward increasing reliance on comparatively expensive service contracts, with corresponding shifts
away from in-house ma‘ntenance/repair and other forms of M/R. These trends were evident in
all three physical/environmental science fields. They were especially pronounced in
physics/astronomy, where expenditures for service contracts more than doubled and expenditures
for other forms of M/R actually declined (Figure 8).

All three physical/environmental science fields had increasing proportions of
equipment that were receiving no M/R at all (Table 15). There was no indication that this lack of

service Lad adversely affected the general working condition of the research equipment in these

fields, however. In fact. the percent of in-use systems judged to be in poor working condition
actually declined in all three fields.




Table 15.  Maintenance and repair (M/R) of research equipment in the physical and environmental
sciences, 1982-83 to 1985-861
All surveyed Physics/ . Environmental
S/E fields astronomy Chemistry sciences
Index
1982- 1985- 1982- 1985- 1982- 1985- 1982- | 1985-
83 86 83 86 83 86 83 86
Annual expenditures for M/R
Total (dollars in millions) g $50.0 $79.0 $7.5 $10.5 $7.5 $10.5 $4.1 $63
Percent change from 1982-83< .. 1% 22% 23% 37%
M/R expenditures as a percent
of system prrchase price.............. 38% 4.0% 4.2% 4.7% 3.6% 3.3% 3.8% 3.7%
Annual expenditures for service
contracts
Total (dollars in millions) g $257  $483 $2.2 $5.2 $1.9 $3.6 $1.7 $3.6
Percent change from 1982-83“... 67% 110% 4% 88%
Annual expenditures for all other
forms of M/R
Total (dollars in millions) g $243  $30.7 $53 $5.2 $5.6 $7.0 $24 $2.7
Percent change from 1982-83“ ... 12% -14% 10% 1%
Percent of in-use systems with
M/R from:
Service contracts........coer.eurmneuene.. 4% 24% 7% 17% 9% 10% 14% 15%
Other means of service................ 58% 50% 3% 51% 7% 6% 68% 61%
No M/R was required................. 18% 26% 21% 31% 14% 26% 19% 24%
Mean annual M/R expenditures
per system (dollars in thousands)
SErvice CONIACES.........c....v.ererrvenee $3.2 $39 $8.7 $5.4 $5.0 $49 $6.4 $6.3
All otner means of M/R ............  $25 $25 $47 $4.6 $3.5 53 339 $29
General working condition of
in-use systems (percent of
systems)
Excellent........cooooomrrcercerernenn... 52% 55% 53% 54% 51% 53% 50% 67%
Adegnate...........ceces cvverrecesrannen. 38% 38% 35% 41% 35% 39% 42% 8%
| 11 OO 10% 7% 12% 5% 14% 8% 8% 5%

1From Appendix Tables B-8, B-17, B-27, B-27a, B-28, B-28a, B30, and B-30a.

2'Estimates are adjusted for inflation. For procedure, see Appendix F.
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SOURCE: National Scic1ce Foundation, SRS
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Figure 8

Expenditures for maintenance and repair (M,/R) of in—use
equipment in the physical and environmental sciences in 1985-86,
by type of M/R, and percent change from 1382-83

Dollars in Percent change
millions —40 0 40 80 120
$48.3 67 I Service
ALL SURVEYED contracts
S/E FIELDS 14.5 13 [ Field service
@ All other
16.2 12 means of
4 M/R
astronomy
3.1 -15
3.6 64
Chemistry 3.5
3.4
3.6 88
Environmental 1.2
sciences )
1.5

SOURCE: National Science Foundation, SRS
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3. TRENDS IN ENGINEERING, COMPUTER SCIENCE, AND) MATERIALS SCIENCE

This chapter highlights trend findings for engineering and two closely related fields,
computer science and materials science. Within engineering, three subdivisions are discussed:
electrical engineering, mechanical engineering, and the combination of all other engineering
disciplines. Additional detail for some of the smaller engineering disciplines is presented in the

Appendix B tables.

The computer science category contains instrument systems that were described by
the responsible principal investigator (PI) as being used for research in this field. Most research
equipment from departments of computer science was so classified, and some equipment from

electrical engineering departments also was classified in this category.

Most instrumentation in the study’s materials science category was obtained from a
few large nondepartmental units specifically devoted to materials science research, especially NSF-
funded Materials Research Laboratories (MRL’s). Equipment from departments in the closely
allied field of materials engineering was classified in the engineering category, unless the PI
specifically described the system’s principal field of research use as being materials science.
Similarly, equipment located in physics or chemistry departments for use in areas such as
superconductivity or condensed matter research was classified in the materials science category

only if that specific designation was given by the reporting PI.

31 AMOUNT OF EQUIPMENT

Computer science, engineering, and materials science each showed different patterns
of growth in scientific research equipment. Computer science grew at a faster rate than any other
field included in this survey, from 900 to 2,200 instruments in research use, a real growth rate of
138 percent (Figure 9). This was much greater than the average growth rate of 43 percent across
all science and engineering fields. Electrical engineering, which is closely allied to computer
science at many institutions, also had an above average increase (59%), while mechanical
engineering and other engineering fields' grew iess rapidly (23% and 21%, respectively).
Materials science also had a below average expansion (22%) of its in-use research instrumentation

stock.

'Other fields of engineering include chemical, civil, metallurgical/materials, and smaller fields such as acronautical, agricultursl,
biomedical, industriai, nuclear, textile, etc.

*rs
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Figure 9

Nl?mber of systems in research use in 1985-86 in computer
science, engineering, and materials science and percent change
from 1982-83

No. Percent change

systems O 50 100 150
ALL SURVEYED ‘
S/E FIELDS 53,900
Computer
science 2,200 138
Electrical
engineering 2,500
Mechanical
engineering 1,700
All other 5,000
engineering
Mate ‘als
science 800

SOURCE: National Science Foundation, SRS

The 138 percent increase in computer science, though exceptional, actually
understates the pace of turnover in computer science research equipment. The rapid growth
occurred despite the fact that computer science had the highest retirement rate of older
equipment of any field in the study (42% of the research equipment in use in 1982-83 had been
retired from research service by 1985-86), so that 75 percent of all equipment in use in 1985-86 had
been acquired over the prior three years (again, the greatest rate of acquisition of new equipment
of any field) (Table 16). These marked changes may reflect changes in the importance of
computers for scientific research, as well as changes in technology that led both to the availability
of more powerful computing equipment and to the relative obsolescence of older equipment.
These findings are consistent with the data reported above regarding massive increases in
academic and research computer centers, and they appear to indicate that computing equipment
and computer-related R&D are becoming increasingly prominent in academic science and
engineering.

Materials science, in contrast, had lower than average equipment turnover: thus, only
17 percent of systems in-use in 1982-83 were retired from research use by 1985-86, and only
23 percent of the equipment in use in 1985-86 had been acquired over the last three years.




Table 16. Equipment retirem{:nt and acquisition rates in computer science, engineering, and materials science,
1982-83 to 1985-86

All Engineering .
Computer Materials
science science
Electrical Mechanical All other

Index surveyed
S/E fields

Retirements

Of systems in research use
in 1982-83, percent
retired in 3-year period
from 1982-83 to 1985-86 .............. 3% 2% 1% 33% 3% 17%

Acquisitions

Of systems in rescarch use
in 1985-86, percent acquired
in 3-year period from 1982-83
to 1985-86. 31% 5% 4% 36% 2% 2%

15ee Appendix Table B-6.
SOURCE: National Saence Foundation, SRS

Engineering again showed mixed results, with electrical engineering showing the most change (a3l
percent retirement rate, and a 44 percent new acquisition rate), and mechanical and other

engineering showing lesser changes.

There was a total of $372 million of in-use research equipment in engineering in 1985-
86, which represents a net real growth of 34 percent from the 1982-83 figure of $261 million (see
Appendix Table B-8). This increase is well belo7'the overall average for all S/E fields, 44 percent.
Within engineering, however, there were some pronounced differences among fields.

Though computer science grew most rapidly, engineering showed a greater absolute
increase in the number of systems and in the total dollar value. Starting from a much larger base
(6,800 systems in 1982-83, with a value of $261.3 million), engineering expanded to 9,300 systems
and $371.8 million. Within engineering, the number of in-use systems in electrical engineering
grew at an above average rate of 59 percent, while the numbers of systems in mechanical and other
engineering had lower than average increases (23% and 21%, respectively) (Taole 17). Electrical
engineering’s relatively rapid rate of expansion has increased its prominence w.thin engineering,
increasing from 22 to 27 percent of all in-use systems in engineering.

(!
[
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Table 17.

Instrumentation amounts,
science, 1982-83 to 1985-86

qrices. and expenditures in computer science, engineering, and materials

All Engincering
Computer Materials
Ind p a
ndex surveyed science science
S/E fields Electrical Mechanical All other
Number of systems in
research use
1982-83 36,300 900 1,500 1,300 3,900
1985-86 5 53,900 2,200 2,500 1.700 5,060
Percent change“.............. 43% 138% 59% 2% 21%
Aggregate purcbase price
of systems in research use
(dollars in millions)
198283 $1,311 $50 355 $51 $146
1985-86 . $1,982 3100 $110 $71 $191
Percent change®.................... 4% 85% 9% 32% 2%
Mean amount of in-use
equipment per institution
(doliars in millions)
1982-83 $5.31 $032 $0.42 $033 $0.94
1985-86 5 £7.45 $0.58 $0.63 $0.41 $1.10
Percent change“.................... 39% 76% 51% 25% 17%
Mean price per system
1982-83 $36,100 $57,800 $42,400 $37,600 $37,200
1985-86 5 $36,800 $46,000 $43,300 $40,600 $38,300
Percent change© ... ... 1% -22% 0% 1% 1%
Annual expenditures for
research equipment (dollars
in millions)
198283.....everrene . $413 $29 $46 $9 $90
1985-86 $687 $66 $59 $32 $126
Percent change®................. 8% 9% 15% 49% 11%
Annual equipment expenditures
as a percent of total R&D
expenditures
1982-83. 8% 13% 14% 6% 7%
1985-86 10% 17% 14% 11% 11%

IFrom Appendm Tables B-7 1o R-10, B-34, and B-35,

2Es(ima(et are adjusted for inflation. For procedure, see Appendx F
SOURCE: National Science Foundation, SRS




32 SOURCES OF FUNDS

In 1982-83, 53 percent of the in-use instrument systems in engineering had been
acquired, partly or entirely, with Federal funding support (see Appendix Table B-12). By 1985-05,
this figure had dropped to 46 percent. The relative decline in Federal support was especially
pronounced in electriczl engineering, which had Federal funding support for 74 percent of its
1982-85 equipment but only 52 percent of its 1985-86 equipment, a drop of 22 percentage points.
On the other hand, Federal funding support for equipment in the closely allied field of computer
science increased from 54 percent to 59 percent of in-use systems. This was due to a great
increase in systems that were funded entirely by Federal sources (from 27% to 54%), while the
percentage of systems receiving partial Federal funding dropped from 27 percent to S5 percent.
Materials science showed a slight decline in the percentage of systems receiving Federal funding,
from 87 percent in 1982-83 to 80 percent in 1985-86. Both materials science and computer science
had a greater percentage of systems receiving Federal funding than the overall average (55%),

while engineering was below the average.

In 1985-86, the greatest amounts of Federal instrumentation support for engineering
came from DOD (43%), NSF (28%), and DOE (12%) (Table 18). In real dollar terms,
engineering had below average rates of growth from all three sources, with NSF up only 1 percent
from its 1982-83 level, DOD up 16 percent (as compared to its overall increase of 28% across all
S/E fields), an4 DOE up 15 percent (compared with 36% overall). Mechanical engineering fared
especinlly poorly in terms of NSF support (down 12%), while electrical and other engineering had
NSF increases of 4 and S percent, respectively. Mechanical engineering performed somewhat
better in terms of DOD support, with a slightly below average 23 percent increase, while DOD
support for electrical and other engineering grew at lower rates (11% and 18%, respectively).

In electrical engineering, the comparatively small increase in Federal instrumentation
support was offset t a substantial increase (101%) in support from institution funds and by an
even larger increase (187%) in donations of or for research equipment from business and private
sources, which grew from $11.6 million in 1982-83 to $35.7 million in 1985-86. Other fields of

engineering generally experienced below-average funding increases from non-Federal sources.

b
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The growth in computer science instrumentation was led by a substantial (109%)
increase in Federal funding support (Figure 10), with over 90 percent of these funds coming
primarily from NSF (up 123%) and DOD (up 99%). This field also received above-average
increases from institution funds (up 71%) and from business/private donations (up 61%).

Materials science was below average in its funding increases both from Federal and

non-Federal sources.

Table 18.  Sources of funds for purcha
science, 1982-83 to 1985-86

se of in-use systems in computer science, engineering, and materijals

All surveyed Computer s Matenals
S/E fieids science Electneal Mechanical All other science
Source of funds
s f . 1985 | 165 | o em | 1985 A e e |
3 % Sanee? % 2 “ ) % nanec *% Nanae?
amount amount amoust amoust amount amount
(dollars sn millions)
Total, ali reported sources. S1.884 42% 4 4% $107 66% 69 1% S184 21% 41 15%
All Fedenal sources .. .. $906 0% 349 109% 1 % $26 % i1, 5% 326 5%
$306 2% $26 123% s “% $7 -12% $20 5% it} 3%
S102 8% 520 9% 23 11% s16 2% $20 183% 3 49%
90 36% | * 2 * | * Si4 9% “ *
$368 4% 13 * 85 19% 2 * s1s 8% $1 *
978 5% 345 4% 366 166% 343 5% Sl 19% $1s 40%
$580 4% $22 1% 523 101% 320 4% 364 % 510 61%
Sille M% 53 -42% iy * $8 * Sl4 12% $1 .
29 69% $20 61% 336 187% 1 2% 32 43% 2 *
S 61% s<1 * $1 * 2 * EY * §2 *
I5ce Appendox Tables B-13, B-13a, B-14, B.14a
zEsumatet are adjusted for inflation  For procedure, see Appendx F
‘Unstable percentage: 1982-83 is less than $4 mullion.
SOURCE: National Science Foundation, SRS
o) <)

ERIC

Aruitoxt provided by Eic:
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Figure 10

Aggregate purchase price of equipment in use in 1985-86 in
computer science, engineering, and materials science, and
percent change from 1982-83, by source of funds

Dollars in Percent change
millions 0 1Y) 100 150 200

: 8

ALL SURVEYED $910

s/EFEws  seo [N os " orces

109 @ Non—Federal

Computer 20
sources

o I

e o TN =
worice oo |
e s

SOURCE: National Science Foundation, SRS




i3 QUALITY/ADEQUACY
Equipment Quality

As noted earlier, one indicator of trends in the quality of research equipment is based
on relative rates of growth of advanced equipment (equipment that is not vet in use or is state-of-
the-art) as compared to other in-use equipment and inactive/inoperable equipment. This
indicator does not work well in the case of computer science, however, where equipment is
changing so rapidly that the median age of state-of-the-art equipment is one year or less, and
where the median age of all other equipment in research use is only slightly higher: two years (see
Appendix Table B-5). Under these circumstances, it is hard to accumulate a large stock of state-
of-the-art equipment over time, and having a comparatively high growth rate for other in-use
equipment is pot indicative of any decline in the quality of the national stock of research
equipment in the field (Figure 11).

For the same reasons, the related field of electrical engineering is also a special case.
There, too, state-of-the-art research equipment is changing so rapidly tkat it would be unrealistic
to look for a progressive accumulation of such equipment over time or to expect state-of-the-art

equipment to grow at the same pace as other research equipment.

Mechanical engineering is a different story. In that field, there has been a virtual
explosion of "advanced” equipment from 1982-83 to 1985-86 (i.e., state-of-the-art equipment and
equipment that has been purchased and is in the pipeline but has not yet been used for research).
The net dollar amount of this equipment more than doubled during this three-year period
(Figure 11), while the national stocks of less advanced equipment in this field grew only
21 percent. These results seem to suggest that some major retooling or other qualitative change in

instrumentation needs and purchasing patterns is occurring in mechanical engineering.

Yet another pattern was found for materials science and for the aggregated "other”
(smaller) fields of engineering. In both of these categories, there were net real declines in the
dollar value of the national stocks of advanced research equipment, and the only areas where even

modest growth was seen were ones involving less-than-advance~ equipment (Table 19).
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Figure 11

Amount of research equipment in 1985-86 in computer science,
engineering, and materials science, by equipment status, and
percent change from 1982-83"

Percent change

Dollars in
millions  —40 0 40 80 120 160
ALL SURVEYED $675 56 B Advanced
S/E FIELDS  1.665 systerns
M Other

Computer 23 : S0 systems
s

selence 5 | e

Electrical 34

sroneerne 3 W

Mechanical 36 162

engineering 69

All other 55 -3

engineering 175

Materials 13 -3

science 35

' Advanced systems include ones that ars still under development and not yst in use, plus in—-use
systems that ore judged by their users to be siate—of-the—art. Other systems include in—use
systems thot ore not stote—of—the—ort, plus inactive/inop:rable syatems.

SOURCE: National Science Foundation, SRS




Table 19.  Composition of research eo1uipment inventories in computer science, engineering, and materials
science, i982-83 to 1985-

Engincenng
All surveyed
S/E ficlds

Mechanwal

Inventory component

(dollars 1n millions)
Total, all systems._. ... ... ... $126 7% $105
Advanced systems.. ... ... .......... 34 8%

33
State-of-the-art... ... ...eeee convee s 31

Other systems . ... ... ceeeecumsenns csnee s X 93

Other in-use ™
Inactive/inoperable............. ... ...

1See Appendx Tables B4 and B4a.

2Eqtimates are adjusted for inflanon. For procedure, see Appendix F.

*Unstable peroentage: 198283 15 less than $6 million.
SOURCE National Science Foundation, SRS

Adequacy of Existing Research Equipment

In computer science, there was an especially large (17 percentage point) increase
from 1982-83 to 1985-86 in the reportc d percentage of non state-of-the-art systems whose research
users have access to more advanced equipment when needed (Table 20). This positive
development is consistent with other observed indicators for this field. On this indicator, materials
science and all three engineering fields also showed changes that, while smaller in magnitude, were
positive in direction.

As might be expected, the percent of computer science department heads who
characterized their research equipment stocks as being generally excellent -- in the sense of
enabling department faculty to pursue their major research interests -- increased substantially,
from 2 percent in 1982-83 to 13 percent in 1985-86 (Table 20). In electrical and mechanical
engineering, however, even larger changes were observed in the opposite direction. In these fields,
the percentages of department heads describing their existing equipment stocks as excellent




Table20. Adequacy of the refcarch equipment in computer science, engineering, and materizls science,
1982-83 to 1985-86

Engineenn,
All surveyed Comp v £ M.
S/E fields science science
Electncal Mechanxal All other
192 1988 1982 1948 19a2 1985- 1962 1988 1982 1985 1982 1988
) 8 [.¢] 8 8 8 8 8 1) 8 ] 8%
Percent of non-state-of-the-
art systems whose users aleo have
access 10 more advanced systems
when needed 4% 62% 0% 67% 59% 62% 50% 60% 471% 53% 65% %
Percent of departiment heads
assesting the overall adequacy
of the rescarch equipment
available to their facuity as:
Excellent 11% 11% 2% 13% 20% 2% 19% 1% 4% 6% U% 21%
AGCQUBLE ..........conrervcemsersrasessinnn 4% 54% 52% “% 2% 0% 2% 31% 48% 49% 62% 65%
Insuffisent ..... .......coumnenncuscsesensnee I% 5% % “% 58% 58% 54% 68% 4% 45% 14% %
ISee Appendix Tables B-20 and B-31.

SOURCE: National Science Foundation, SRS

plummeted from 19-20 percent in 1982-83 to 1-2 percent in 1985-86, suggesting that the observed
increases in equipment amounts during this period have not produced any widespread
enhancement in faculty ability to conduct frontier research.

In the other (smaller) fields of engineering, there was no particular drop in the
proportion of department heads reporting excellent equipment stocks. Very few department
heads in this field category had reported excellent stocks in 1982-83 (4%), and about the same
percentage (6%) gave that assessment in 1985-86 (Table 20).

Heads of materials science research installations (most of which were
interdepartmental research centers rather than academic departments) were among the most
satisfied with their existing research equipment. Only 9 percent said their equipment was
insufficient (down from 14%), and 27 percent indicated that their equipment was excellent (up
from 24%). This seems odd, given the relatively sluggish equipment growth rates noted earlier for

this field. The explanation offered by administrators of some of the larger Materials Research
Labs (MRL?'s) in the study is that, while there has been a gradual decline since 1982 in the total
number of Federally funded MRL'’s, the MRL’s that remain in operation have continued to be well
funded.

N
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34 USAGE PATTERNS

In electrical engineering, which experienced an above-average rate of instrumentation
growth, the average number of users per system per year declined from 21 to 19 (Table 21).
Consistent with their lower rates of growih, mechanical and other fields of engineering
experienced increases in their 7~rage numbers of users (from 9 t~ 11 in mechanical engineering,

and from 11 to 13 in other fields).

Computer science and materials science both experienced declines in the average
number of users (from 49 to 46, and from 24 to 19, respectively). This decline may be another

factor that helps explain the increasiag satisfaction with equipment found in both areas.

Table 21. Paltemi of equipment usage in computer science, engineering, and materials science, 1982-83 to
1985-86

Engineering
All surveyed Computer Matenals

S/E fields science science
Electnical Mechanical All other

Source of tunds

1982- 1985- 1782- 1985- 1982- 1985- 1982- 1985- 1°82- 1985- 1982- 1985-
83 86 83 86 83 86 83 86 83 86 83 86

(dollars -n millions)

Percent of in-use systems located in:

Within-department labs of inamidual

’ prncipal invesugators (PT's) 9%  56% 20% 37% 67% 50% 43% 19% 6% 9% 19% 3%
Department-managed common
labs .. .. . .. - I 31% 65% 53% 21% 36% 4% 3% 6% 5% 27% 29%

Other shared-access locations 8% 1% 15% 10% 12% 14% 13% 8% 34 16% 54% 9%
Percent of ip.use systems that are:

Dedicated for use in a specific
expenment or service of

expenments P 2% 3% 17% 8% 4% 1% % 10% 2% 1% 21% 237
Availabie for general purpose use %  69% 83% n% 56 63% 56% 0% 8% S6%% % 7%

Vieas number of users per system

per year

All in-use systems 14 14 19 46 21 19 9 1 i 13 24 19
Dedicated . 8 8 21 20 18 7 5 6 8 9 12
General purpose 16 17 54 57 3 26 12 14 13 15 28 hx}

IScc Appendix Tables B-21,B-2 and B-26
SOURCE:' National Saenc s . oundati- 3RS
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35 MAINTENANCE AND REPAIR

As has been seen with other indicators, trends in eyupment maintenance and repair

(M/R) vary for different fields within the cluster of enginer.ring and related fields.

For mechanical engineering, M/R trends were generally unremarkable in that they
were very similar to overall trends for all S/E fields (Table 22). The only unusual findings for this
field were that the average annual cost for service contracts in 1985-86 was comparatively high
($6,600 per system), and the ercentage c” in-use systems that received no M/R during that year
was also unusually high (43 . These findings are consistent with complaints frequciti; heard
i~om academic scientists/en; .-eers .at service contracts have become prohibitively expensive in

recent years.

In computer science, electrical engineering, and the smaller fields of engineering,
maintenance/repair expenditures grew at rates far above the overall S/E average. In all three of
these field categorics, annual expenditures for service contracts more than doubled during the
three-year interval covered by this study, leading to the above-average M/R expenditures (Figure
12). In all three of these fields, the proportion of in-use systems receiving no M/R at all increased,
but there was no indication (as yet) of any deterioration in the general working coadition of the

equipment in these fields (Tablc 22).

As with <5 many other trend indicators, the M/R findings for materials science were
unusual. Despite a slight increase in equipment stocks in this field, annual M/R expenditures
actually declined, both in real dollar terms (a 9% decline) and in the index of M/R expenditures as
a percent of the aggregate purchase price of all in-use equipment (down from 4.6% to 3.6%). Unit
costs for service contracts nearly doubled (from $4,500 to $8,500 per system), but this increase was
offset by cutting ir half the proportion of systems being maintained with service contracts (from
21% to 10%). According to the administrators of several Materials Research Labs, these trend
findings do not represent any formal change in policy regarding use of service contracts. These
organizations are large enough to support their own staffs of in-house M/R personnel and are

thereby able to achieve comparatively low (and declining) levels of dependency on outside service

contracts.




Table 22.

1982-83 to 1985-86

Maintenance and relpair (M/R) of research equipment in computer science, engineering, and materials science,

Engincering
All surveyed Computer Materials
S/E fields science science
Index Electrical Mechanical All other
1982- 1985- 1982- 1985- 1982- 1985- 1982- 1985- 1982- 1985- 1982- 1985-
83 86 83 86 a3 86 83 86 83 86 83 86

Annual expenditures for M/R

Total (dollars in millions)........ .. $500 $79.0 $3.1 $76 $23 $43 518 528 $4.3 $49.1 $16 $1.6

Percent change from 1982-83°. ... 41% 111% 68% 41% 84% 9%

M/R expenditures as a percent

of system purchase price..... .......... 28% 37% 6.2% 75% 3.5% 3.9% 3.6% 3.9% 3.0% 4.3% 4.6% 3.6%
Annual expenditures for service
contracts

Total (dollars in millions)........... $25.7 3483 $2.7 $6.9 $10 $2.7 $10 $19 $1.7 $4.0 $0.6 $0.6

Percent change from 1982-83°... . 67% 116% 146% 66% 102% 3%
Annual expenditures for
all other forms of M/R

Totai (dollars in millions)......,... .. $243  $30.7 $0.4 $07 $13 $16 $0.8 $0.9 $2.6 $51 $1.0 $10

Percent change from 1982-83°. ... 12% R 8% 8% 68% 16%
Percent of in-use systems
with M/R from:

Service contracts . ........ e« oee. .. U% 24% 53% 49% 13% 14% 1% 16% 11% 150 21% 10%

Othcr means of service... . 58% 50% 39%% 36% 74% 47% 55% 41% % 50% 67% 60%

No M/R was required...... ........... 18% 2% 8% 15% 13% 39% M% 43% 18% 35% 7 30%
Mea~ annual M/R expenditures
per system (dollars in thousands)

Service contracts..........ccorer .. ... $32 $39 $6.2 $67 $49 $82 $8.3 $66 $4.0 $5.7 45 $8.5

All other means of M/R... . ...... $25 825 $2.9 525 $36 $45 $35 $45 $29 $6.6 $75 $5.5
General working condition of in-
use systems (perceat of systems)

Excellent e vs veves voreeen e 2%  55% 56% 45% 54% 54% 53% 55% 49% 54% 2% 40%

Adequate............ ... .. 8% 8% 37% 49% 36% 41% 43% 39%% 40% 40% 51% 47%

Insufficient .........c. vuureceerene . R, 10% 7% 7% 6% 19% 5% 4% 6% 11% 6% 17% 14%
1From Appendix Tables B-8, B-17, B-27, B-27a, B-28, B-28a, B-30, and B-30a
2Esumates are adjusted for inflation. For procedure, sce Appendix F.
SOURCE: National Science Foundation, SRS
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Figure 12

Annual expenditures in 1985—-86 for instrumentation maintenance
and repair in computer science, engineering, and materials
science and percent change from 1982-83

Dollars in Percent change
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All other 4.0
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Materials 0.6
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SOURCE. Notional Science Foundation, SRS
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4. TRENDS IN THE B DLOGICAL AND AGRICULTURAL SCIENCES

This section discusses trend findings for three field-setting groups within the life
sciences: the agricultural sciences (where research equipment is found almost exclusively in large,
state-operated universities), and two subdivisions within the biological sciences -- biological science
equipment in medical schools and biological science equipment in all other academic settings. The
medical school data come from what are usually called the "basic science" departments
(biochemistry, physiology, etc.), as contrasted to the "clinical” or "medical science” departments

(medicine, surgery, pediatrics, etc.), which are pot included in this study.

4.1 AMOUNT OF EQUIPMENT

In the three-year interval between the 1982-83 and 1985-86 studies, equipment
turnover in the trological and agriculturai sciences was somewhat lower than the average for all
S/E fields. The agricultural sciences retired from use only 14 percent of the systems in use in
1982-83, as compared with an overall S/E retirement rate of 23 percent during this pericd
(Appendix Tatle B-6). Also, of the agricultural sciences’ 1985-86 stock of in-use equipment, a
comparatively small proportion had been acquired in the previous three years: 29 percent, as
compared with a 37 percent acquisition rate for all S/E fields. The biological sciences showed
similarly low turnover rates from 1982-83 to 1985-86, though they were somewhat closer to the
overall S/E average (Appendix Table B-6).

With their lower than average rates of equipment turnover, one migh* expect the
biological and agricultural sciences to have had comparatively little net growth in equipment
stocks. However, lower rates of retirement meant that new systems were often additions to the
stock rather than replacements, and the overall increase in the number of research instruments
was actually above average both for the agriculturai sciences (52%) and for the biological sciences
(55%) at colleges and universities (Table 23). Biological science units in medical schools showed a

somewhat lower net increase (33%).

Instrumentation stocks in the biological and agricultural sciences have grown at higher

rates when measured in dollar terms than when change is measured in terms of .he number of




Table 23. Instrumentation aTounts, prices, and expenditures in the agricultural and biological sciences,
1982-83 to 1985-
Biological sciences
Ind All surveyed Agricultural
ndex .
S/E fields
/E fie siences Colleges/ Medical
universities schools
Number of systems in
research use
1982-83 36,300 1,600 6,400 8,900
1985-86 53,900 2,600 10,300 12,000
Percent changc®................. 3% 52% 55% 33%
Aggregate purchase price of
systems in research use (dollars
in millions)
1982-83 $1.311 $38 $166 $254
1985-86 $1,982 $62 $283 $360
Percent changc2 ............................ 4% 61% 63% 39%
Mean amount of in-use
equipment per Institution
(dollars in millions)
1982-83 $531 $G.24 $1.07 $2.76
1985-86 5 $745 $0.36 $1.63 $3.92
Percent change©.......................... 39% 53% 55% 39%
Mean price per system
1982-83 $36,100 $22,700 $25,900 $28,600
1985-86 $36,800 $24,200 $27.500 $30,000
Percent changc2 ............................ 1% 6% 5% 4%
Annual expenditures for
research equipment (dollars
in millions)
1982-83 - $410 $28 $52 $81
1985-86 gt o $690 $33 $92 $98
Percent change” ......................... 48 7% 59% 13%
Annual equipment expenditures
as a percent of total R&D
expenditures
1982-83 8% 3% 9%
1985-86 10% 3% 10%

1Erom Appendix Tabies B-7 to B-10, B-34, and B35,

ZEstimatzs are adjusted for inflation. For procedure, see Appendi F.

SOURCE: National Science Foundation, SRS
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systems. The dollar amount of in-use equipment in the agricultural sciences increased by
61 percent (compared to 72% vs. 44% for all S/E fields), and similar rate of growth was seen for
biological science instrumentation in academic settings cutside medical schools (up 63%). The
rate of growth for medical school equipment in the biological sciences was somewhat lower (39%).
However, medical schools continued to maintain their prominence within the biological sciences.
Medical schools had an average of $3.9 million of in-use research equipment per institution in
1985-86, far above the average for other institutions, $1.6 million. The average increase in
biological science equipment stocks over the study’s three-year period was $1.1 million per medical
school, again far above the analogous figure for the other institutions, $0.6 million (Figure 13).

As had also been the case in 1982-83, the average cost per system in 1985-86
coatinued to be lower in the agricultural and biological sciences than in any of the other fields
encompassed by this research (Appendix Table B-10).

42 SOURCES OF FUNDS

The biological sciences at cclleges and universities were comparatively successful in
attracting increases of Federal funding support for research equipment. In constant dollar terms,
Federal funding support increased 47 percent for the biological sciences at colleges and
universities and 41 percent at medical schools as compared to 30 percent for all S/E fields
combined (Table 24).

The comparative success of the biological sciences in achieving above-average rates of
growth in Federal instrumentation support is largely due to the fact that the bulk of their Federal
funding (76%) comes from NIH, the agency with the greatest increase in funding during the study
period.

In real dollar terms, Federal instrumentation funding in the agricultural sciences
increased by a comparatively large 73 percent from 1982-83 to 1985-86, while other sources of
equipment funds increased at about the same rates in the agricultural sciences as for all S/E fields
combined (e.g., support from institution funds increased by 46% in the agricultural sciences as
compared to 47% across all S/E fields). The relative increase in Federal support was not an
especially important development, however, since the increase was from a relatively small base:
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Figure 13
Mean amount of in—use instrumentation per institution in the
agricultural and biological sciences, 1982-83 to 1985-86
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Table 24.  Sources of funds f?r purchase of in-use systems in the agricultural and biological sciences,
1982-83 to 1985-86

Biological sciences

All surveyed Agricultural
Source of S/E fields sciences Colleges/ Medical
funds universities schools

1985 Perceni 1985 Percenﬁ 1985- | Percent; | 1985- Perceni
amount | change amount | change” | amount | change“ | amount| change

(dollars in millions)

Total, ali reported sources........... $1,884 42% 360 58% 2n 62% $334 37%
All Federal sources.......cccoevevevevennenr $906 30% $14 3% $124 41% $174 1%
NIH..ooooieecvesssesesnnsaeans $270 46% $2 * 79 51% $148 41%
NSF ocecrctnnecreenveaesnseesees . $306 26% “ . $32 26% $19 66%
USDA...... . $7 39% “ * $3 * $<1 *
All other . $368 M $5 * s1 81% $7 6%
All non-Federal sources......c.c..ee-.. $978 55% $46 54% $147 8% $159 33%
Institution funds..........cooecoveeeee.. 3580 41% $27 4€7% $99 93% $110 3%
State government ......oe...o..veee. . $114 2% 12 4% $24 2% S14 139%
Business/private
donations «..ce..cevecerecerooerenes $239 69% $6 . $19 45% $29 59%
Other.. $45 61% s1 * $5 17% $6 -5%

1See Appendix Tables B-13 to B-14a

2Estim:nes are adjusted for nflation. For procedure, see Appendix F
.Unstable percentage: 1982-83 base 1s less than 34 mullion.
SOURCE: National Science Foundation, SRS

Federal support accounted for only 22 percent of the dollar amount of in-use research equipment
in the agricultural sciences in 1982-83, and it increased only to 24 percent in 1985-86 (Appendix
Table B-13a).

The agricultural sciences experienced a 54 percent increase in non-Federal support,
essentially the same as the non-Federal increase across all S/E fields (55%) (Figure 14). In the

biological sciences, colleges and universities had an above average increase in non-Federal support

(78%), and medical schools had a below average increase (33%).
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43 QUALITY/ADEQUACY

Equipment Quality

For the biological sciences, both in medical schools and in other academic settings, a
substantial upward shift occurred in the quality of available research equipment over the period
1982-83 to 1985-86. The greatest rate of inventory growth was in the real dollar amount of
equipment currently under construction/development (up more than 200% for both
colleges/universities and medical schools), and the smallest growth rate was for inactive or
inoperable equipment (up 22% and 16%, respectively) (Table 25). Among systems in actual
research use, those with state-of-the-art capabilities grew at a faster rate than ones without such
capabilities (67% vs. 62% for -olleges and universities, and 47% vs. 35% for medical schools).
Overall, advanced systems increased at substantially higher rates than other systems in both
biological science subcategories (Figure 15).

Table 25. Composition of research eq{lipment inventories in the agricultural and biological
sciences, 1982-83 to 1985-86

Biological sciences
All surveyed Agricultural
S/E ficlds sciences Colleges/ Medical
universities schools
Inventory component
1%%5- Percen& 12‘?' Percenb lzs' Percenb l?g' Percenb
change change change change
amount amount amount amount
(dollars in millions)
Total, all systems $2342 38% $67 54% 313 62%  $402 38%
Advanced SyStemS..........ceees coeueecniunnec $677 56% $18 49% $98 6%  $120 53%
Notyetin use.......cocoovvvrvmrcencrnnee. . $82 136% 51 *% 39 *% $9 *%
State-of-the-art.........ccoee ceeovereneeeres $595 50% s18 9% 89 67%  $115 47%
Other systems $1,666 32% $50 56% $216 57 $280 32%
Other in-use —  $1387 41% $45 66% $195 62% 8245 35%
Inactive/inoperable................c........ 9 1% $5 02% 521 2% $33 16%

1See Appendix Tables B-4, B4a.

7’Estimatec are adjusted for inflation. For procedure, see Appendix F.
*Unstable percentage: 1982-83 base is less than $6 allion.
SOURCE: National Science Foundation, SRS . / ~
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Figure 15

Aggregate purchase price of the 1985—86 stock of research
equipment in the agricultural and biological sciences, by system
status, and percent change from 1982-83

Dollars in Percent change
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Advanced systems inciude ones that are still under development and not yet in use, plus in—~use systems
that are judged by their users to be state—of—the—art. Other systems include in—use systems that are not
state—of—the—art, pius inactive/inoperable systems.

SOURCE: National Science Foundation, SRS




In the agricultural sciences, no such qualitacive shift was in evidence. There, similar
rates of growth were seen for not-yet-in-use equipment (50%), state-of-the-art equipment (49%),
and other in-use equipment (66%). The proportion of the inventory (by dollar value) that consists
of advanced systems is slightly below average at 27 percent, and has remained stable since 1982-83.

Adequacy of Existing Research Equipment

Department heads’ assessments of the general adequacy of available research
equipment did not change a great deal in the biological or agricultural sciences. In 1982-83,
biological science d=partment heads in medical school settings were generally satisfied with
available research equipment: only 16 percent indicated dissatisfaction by characterizing their
equipment as insufficient (Table 26). This "dissatisfaction index" for biological science department
heads in non-medical school settings was higher (36%), exactly the same as the overall average
across all S/E fields. By 1985-86, the two groups had converged somewhat, with the dissatisfaction

Table 26. Adequacy of research equipment in the agricultural and biological sciences,
1982-33 to 1985-861

Biological sciences
All surveyed Agricultural
Index S/E fields sciences Colleges/ Medical
universities schools
1982- 1985- 1982- 1985- 1982- 1985- 1982- | 1985-
83 8 83 86 83 86 83 86
Percent of non-state-of-the-art
systems whose users also have
access to more advanced
systems when needed...... .............. 54% 62% 4% 57% 56% 63% 58% 65%
Percent of department heads
assessing the overall adequacy
of the research equipment
available to their faculty as:
Excellent.........coovuecsmsusncnccennee conee 11% 11% 8% 6% 1%% 14% 16% 11%
Adequate....unnecccvrcneccnccncne. 4% 54% 46% 50% 5240 53% 68% 66%
In-fficient .....coonerecerioneerinanss 36% 35% 46% 45% 367% 2% 16% 24%

1See Appendix Tables B-20 and B-31.
SOURCE: National Science Foundation, SRS h‘ :
A
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level going up to 24 percent for medical school biological science department heads and going
down to 32 percent for biological science department heads outside medical schools. In the
agricultural sciences, the equipment dissatisfaction index was a comparatively higii 46 percent in
1982-83 and was essentially the same (45%) in 1985-86.

USAGE PATTERNS

In the biological sciences, the average numbers of users per system per year were
somewhat lower than for most other S/E fields, and the averages did not change much from 1982-
83 to 1985-86. Thus, across all S/E fields, the average number of users was 14.2, while the
respective numbers of users of biological sciences equipment in medical schools and in colleges
and universities were 11.2 and 12.0 (Table 27). The agricultural sciences also showed little change
in average number of users per system per year (from 11.0 to 10.8).

Table 27.  Patterns of equipment usage in the agricultural and biological sciences, 1982-83 to 1985-861

Biological sciences

All surveyed
S/E fields Colleges/ Medical
universities schools

1982- 1985- 1982- | 1985-
8 86 83 86

Percent of in-use systems located in:
Within-department labs of individual
principal investigators (PI's)
Department-managed common labs...
Other shared-access locations......... .

Percent of in-use systems that are:

Dedicated for use in a specific
experiment or series of

Availabie for general purpose use. .....

Mean number of users per system
per year

1See Appendix Tables B-21, B-24, and B-26.
SOURCE: National Science Foundation, SRS




Equipment in “he agriculturai and biological sciences was less likely to ve dedicated
for use in a specific experiment than overall S/E equipment. in the agricultara: sciences, 23
percent of the in-use systems were dedicated, compared with 31 percert overall. In the biological
sciences, 22 percent of the systems in medical schools were dedicated, as were 15 percent at
colleges and universities.

The most common location for equipment in the agricultural und biological sciences
was in within-department labs of individual principal investigators (PT’s), though the proportion in
such labs decliaer <lightly in each area (as was true across all S/E ficlds). The greatest drop was
for the agricultural sciences, where: 64 percent had been within such labs in 1982-83, and 56 percent
were in 1985-86. Changes in the biologi-al scier. s weve smaller, from 65 percent to 62 percent at

colleges and universities, - 1d frum 64 percent to 61 percent at medical schools.

4.5 MAINTENANCE AND REPAIR

The agricuitural sciences had a comparatively small increase . total
maintenance/repair expenditures (12%), based on an 11 percznt increase ° . expenditures for
service contracts and a 17 percent inc. ease in other servicing costs (T.ble 28). These findings were
in contrast to the general trends across all S/E fields, where there were large increases in service
contract expenditures (67%) and the majority of 1985-86 maintenance/repair expenditures were
devoted to service contracts (61% overall, compared with 47% in agriculture). ™ -

In the biological sciences, some interesting differences *merged both in the level and
in the composition of maintenance/repair costs. Medical school biological science programs had a
below average increase of 17 percent in overail maintenance/repair expenditures, consisting of a
relatively small (22%) increase in expenditures fcr service contracts and no constant dollar
increase in other serv'cing costs. By contrast, biological science departments outside medical
schools evidenced a larger than average increase in expenditures: overall (58%), for service
contracts (69%), and also for other means (30%) (Figure 16). Biological science equipment in
both types of settings had larger than average pc.tions of maintenance/repair expenditures for
service contiacts, witk: proportions of 80 percent for medical schools and 77 percent for colleges

and " ~versities. (These were increases from 77% and 71 7%, respectively, in 1982-83).

The above variations in the amount and the type of servicing costs are not related to
users’ evaluations of the general working condition of their in-use systems. Roughly equivalent
oercentages of equipment were rated as excellent, adequate, or poor, regardless of whether the

».ers were in the agricultural sciences or in either setting within the biological sciences.
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Table 28.  Muintenance and repair (M/R) of research equipment in the agricultural and biological
sciences, 19¢2-83 to 1985-86!

Biological sciences
All surveyed Agricultural
S/E fields Lciences Colleges/ Medical
Index universities schools
1982- l 1985- 1982- 1985- 1982- 1985- 1982- | 1985-
83 | 86 83 86 83 36 83 86

Annu..! expendiwres for M/R

Total (dollars in millions) g $50.0 $79.0 $14 $1.7 $59 $10.4 $10.1 $12.8

Percent change from 1982-83“ ... 41% 12% 58% 17%

M/R expenditures as a percent

of svstem purchase price.............. 38% 3.7% 3.7% 2.7% 35% 3.7% 4.%% 3.5%
Annual expenditures for szrvice
contracts

fotal (dollars 1» millions) g $25.7 $483 $0.6 o $4.2 $79 $7.8 $10.2

Percent change from 1982-83 67% 11% 69% 22%
Annual expenditures for all other
forms of M/

Total (dollars in millions) g $243 $30.7 $0.7 $6.9 $1.7 $24 $23 $25

Ferc. * change from 1982-83¢... 12% 17% 30% 0%
Percent of in-use systeras with
M/R from:

Service contracts..........c.ccovven... 24% 24% 23% 17% 37% 35% 39% 37%

Other means of service......... . 58% N 55% 61% 4% 45% 3% 41%

No M/R was requirzd........... ... 18% 2. 22% 22% 17% 20% 17% 22%
Mean annual M/R expenditures
per systeu: (dollars in thousands)

Service contracts........................... $32 $3.9 $1.7

All other means of M/R ............ $25 $25 $1.6
General working condition of
in-use systems (percent of : ystems)

Excellent............ooooovorvionrrnnnnn, 52% 55% 56%

Adequate ........coocoeurverreennnn. 38% 38% 371%

POOK ...ttt nan 10% 7% 7%
1From Appendix Tables B-8, B-17, B-27, B-28, B-28a, B-30, B-30a.
2E qiimates are adjusted for inflati~n  For procedure, sec Appendix F
SUURCE: National Science Foundation, SRS
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Figure 16

Expenditures for mainterancu/repair (M./R) of in—use equipment
in the agricultural and biological sciences in 1985-86, by type
of M/R, and percent change from 1982-83
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TECHNICAL NOTES

SAMPLE DESIGN

The following sections briefly describe the sample designs used in the 1982-83
baseline instrumentation study and in the 1985-86 update stulv. Additional information is
presented in a detailed report, which is available upon request from the National Science

Foundation !

Institutions. In the baseline study, data were collected from: (a) a stratified
probability sample of 43 institutions selected from the "universe” of nonmedical, nonmilitary U.S.
colleges and universities that had $3 million or more in separately-budgeted science and
engineering (S/E) R&D expcaditures in any of the Fiscal Years 1977 to 1980, exc ding university-
administered Federally-funded R&D Centers /FFRDC’s),> and (b) a separately selected
probability sample of 24 medical scheols from the universe of 92 medical schools with annual NIH
research grants and contracts of $3 million or more in FY 1982. The 157 institutions represented
in the first (nonmedical) component of the sample collectively accounted for 95 percent of all
nonmedical, non-FFRDC R&D expenditures reported to NSF for FY 1980 by all U.S. coll- ges and
universities. Thus, although the survey represented only a small fraction of the nation’s
approximately 3,000 postsecondary institutions, it encompassed most institutions with significant
capabilities for the kinds of advanced research that require instrumentation costing $10,000 or

more.

In selecting the baseline study sample of 43 colleges/universities, the probability of
selection of each institution in the survey universe was approximately proportionate to its R&D
size, as indicated by it FY 1980 nonmedical, S/E R&D expenditures. Within R&D size strata, the
proportion of private (or public) institutions in the sample was approximately the same as in the

nation as a whole.

1Samg,lc Design Repoit: 1985-86 NSF National Survey of Academic Research Instruments and Instrumentation Needs. National Science
Foundation (SRS), December 1987

2 pcademic Science R&D Funds. Fiscal Year 1980: Detailed Statistical Tables Surveys of Science Resources Senes, Mational Science
Foundation (GPO Publication No. NSF83-200), 1982.




The college/university component of the update survey sample was expanded and
updated to represent current patterns of S/E R&D spending, as reporting in the most recent NSF
R&D expenditures study.> Using the same eligibility criteria that had been applied in the baseline
Listrumentation study (i.e., at least $3 million in nonmedicai R&D in any of the years FY 1981 -
FY 1984), the update study college/university universe was found to consist of 174 institutions.
Stratified probability sampling procedures were again used to select an update study sample of 55
colleges and universities: the 43 original institutions plus an additional 12 that had not been
sampled in the baseline study. The sample of 24 medical schools for the update survey was exactly
the same as for the baseline study.

Departments. In the 1982-83 baseline study, all institution-operated academic
departments and nondepartmental research/instrumentation installations in engineering and in
the agricultural, biological, computer, environmental, and physical sciences were identified and
asked to participate in the survey.* Excepted from this sample were: (a) departm nts that
contained no researr . instrument systems in the $10,000 to $1 million cost range, (b) general
purpose university computer centers, and (c) other nondepartmental installations that, in effect,
consisted of a single system costing over $1 million (research reactors, cyclotrons, observatories,
etc.). A total of 971 "in-scope” epartments were identified, each of which was asked to participate
in the baseline study.

The same rules as described above were used to define departments thai were "in-
scope” for the 1685-86 update survey. To minimize response burden, some sampling of
depariments in engineering and in the agricultural and biological sciences was done in the update
survey. In the computer, environmental, and physical sciences, all "in-scope” departments were
asked to participate. The update study sample design for engineering called for a 100 percent
sample of: (1) departments at universities that contained fewer than 5 engincering departments;
(2) new engineering departments at baseline study institutions, i.e., departments that were not
present during the baseline study; and (3) engineering departments that contained 30 or more
items of research equipment in the $10,000 - $1 million range. For the remaining departments, the
design called for a simple random sample of 50 percent of those containing 15-29 in-scope items of

3Mmig Science /Engine. ng: R&D Funds, Fiscal Year 1984, Detailed Statistical Tables Nattonal Science Foundztion, 1985.

4'Tlle term “departments® 1s used to denote both in-scope research departments ana in-scope nondepartmental research/instrumentation
installations.




equipment and of 33-1/3 percent of those with 1-14 items. This design resulted in the selection of

212 engineering departments, aoout the same number that participated in the baseline study (i.e.,
220).

Similar designs were used for sampling departments in the agricultural sciences and
the biological sciences at colleges and universities (no subsampling was done of biological science
departments at medical schools). Altogether, a total of 1,050 departments were samgled for
participation in the update survey.

instruments. The baseline and update surveys both sought to represent all instrument
systems that: (a) were used or intended primarily for research during the prior year, and (b
originallv cost $10,000 to $1 million inciuding the cost of any separately-purchased, ded.cated

accessories or componeuuts.

In the baseline study, the sequence of steps at each department was as follows: Fizst, a
preliminary listing of all items of research equipment costing $10,000 or more was obtained,
usually from the unive sity’s computerized ccatral property inventory system. The preliminary lists
often contained, in addition to items of research equipment, miscellaneous property such as
furniture, physical piant equipment (e.g, trucks, heating and air conditioning units), secretarial
equipment (e.g., - /ord processors), and the like. Ai.er screening out clearly inappropriate entries,
the contractor selected a random sample of equipment items in each department and facility. The
instrument sample design included all items costing $100,000 to $999,999, and items in the $50,000
to $99,999 range were sampled at higher rates than items in the $10,000 to $49,999 range. In the
category under $50,000, sampling rates ranged from 100 percent for departments/facilities with
fewer than 10 such items down to 12.5 percent (1/8) for departments/facilities with more than 100
items in this cost range. The intent of this design was to ensure adequate sample sizes for analysis

without overburdening large departments and facilities.

Across the baseline institutions, a total of 12,691 equipment items were identified in

preliminary listings, and 4,648 were selected to be in the baseline survey sample -- 100 percent of
the items costing $100,000 - $999,999; 8% percent of all items costing $50,000 - $99,999; and
29 percent of those in the $10,000 - $49,999 rang~.




At the 12 newv institutions in the update study, the instrument sample design and
sampling procedures were essentially the same as in . 1e baseline study -- listings of all items
costing $10,000 or more were obtained for sampled departments, and instrument samples were
selected within the same cost range categories as haJ been used in the baseline study.

At the 43 colleges/universities and 24 medical schools that had participated in the
baseline study, two distinct sets of instruments were involved. At sampled departments, all
instrumerts that had been sampled in the baseline study and had been found to be "in-scope” at
that time, were included in the update study. Also included was a second sample of instruraents
that had been acquired since the earlier study. To obtain this latter sample, baseline study
institutions were asked to provide listings only of equipment costing $10,000 or more that had been
obtained since the earlier study, and instrument samples were selected from these listings of new
acquisitions.

Ajtogether, the update study sample contained 14,424 instruments. About half of
these (7,364) had al .o been surveyed in the baseline study. The rest were either new acquisitions
at baseline study institutions or instruments sampled from the 12 new institutions.

SURVEY PROCEDURES AND RESFONSE

Survey Administration. Survey procedures were essentially the same for the baseline
and update studies At each institution, all data collection arrangements were handled by a survey
coordinator appointed by the office of the piesident of the coliege/university or medical school.
Typically, coordinators were themselves senior administrators, such as Dean of the Graduate
School or Vice Presidznt for Research. These individuals were responsible for: identifying all
relevant departments and facilities; obtaining needed preliminary lists of equipment; and, after
equipment samples had been selected by the survey contractoi, arranging for the distribution,
completion, and return of survey questionnaires.

Each sampled department or facility was sent a packet containing a cover letter, a
Department/Facility Questionnaire (Appendix C), and Instrument Data Sheets for each sampled
item of research equipment. There were two versions of the Instrumen Data Sheet in the update
study, cne for updating of information about an item that had been sampled i the baseline study




(Appendix D), and one for use with equipment items that had not been surveyed in the baseline
study (Appendix E). The latter Data Sheet was essentially the same as the one used in the
baseline study.

Survey Response. The haseline study had exceptionally high response rates. All 67
sampled colleges/universities and medicai schools (100%) agreed to participate in the study, and
the response rates for the Department/Facility Questionnaire and Instrument Data Sheet were
94 percent and 97 percent, respectively.

The response rates in the 1985-86 update study were also high. All 67 of the baseline
study inst’ ations agreed to continue participating in the update study, and all 12 of the
supplemental institutions also agreed to participate. Thus, at the institution level, the response
rate was again 100 percent. Completed Department/Facility Questicnnaires were received for 961
of the 1,050 sampled departments (92%).

At the instrument level, update study responses were received for 13,563 of the 14,424
sampled itzms (94%). Of the remaining items, only 108 were outright refusals to provide the
requested information (0.8%). The rest were nonresponses due to the absence of the cognizant
faculty investigator, the inability of the department to locate the sampled item, or other such
problems. Of the 13,503 responses, 11,271 were determined to be legitimate ("ir-scope") items of
research equipment meeting all of the study’s definitional requirements (83%). The rest were
determined to be out-of-scope for the update survey: because the item no longer existed, having
been cannibalized, traded-in, or junked (N=1,297); because it was not (or was no loriger) a
research instrument (N=541); or because it was ineligible for other reasons -- cost, age, etc.
(N=394).

Of the 11,271 in-scope research irstruments in the data base, 9,583 (85%) had actually
been used for research during the applicable survey year, 250 (3%) were stil under
construction/development and not yet in research use at the end of the survey year, and the
remaining 1,438 (15%) were physically present but completely inactive or inopeiable throughout
the applicable survey year. These latter instruments are considered part of the total naticnal stock
of resea ch equipment, though they are for the most part obsolete, mechanically and/or

technologically.
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Estimation Procedures. All results in this report are in the form of national estimates,
statistically weighted to represent ali S/E research departments and nondcpartmental research
units at the institution universe described above.

The estimation weights applied to Department/Facility Questionnaire data are the
product of three terms:

s The university selection weight: the inverse of the particular university’s
probability of selection;

] The department/facility weight: the inverse of the particular department’s
probability of selection (in the baseline study, all department weights are 1.0; in
the update study, some departments have weights greater than 1.0); and

= A nonresponse adjustment obtained by dividing the number of originally
sampled departments by the number actually responding to the survey. These
nonresponse weights were calculated separately within each cell defined by
cross-classification of institution control (private vs. public), R&D size (top 20
in R&D exg=nditures vs. not in the top 20), type (college/university vs. medical
school), and major field (engineering, phy. al science, computer science,
agricultural sciences, biological sciences, environmental science, or other,
ne.c.).

Estimation weights for the survey of $10,000 to $1 miLion instruments were somewhat
more complex. The weight for a completed instrument questionnaire was the product of:

. The university sampling weight -- the inverse of the university's probability of
selection;

. The department samplir.3 weight -- the inverse f the department’s srobability
of selection;

. The instrument sampling weight -- the inverse of the probability of selection of
the particular instrument from the department equipment list; and

. A nonresponse adjustment, calculated (as for the Department/Facility
Questionnaire) within cells defined by the cross-classification of institution
control, R&D size and type, major field, instrument status (update, new), and
instrument cost ($10,000 - $49,000; $50,000 - $74,999; $75,000 - $999,999).

Information about the statistical precision cf national estimates derived from the
study samples of departments and instruments is presented in Appendix G.
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Most analysis variables, whether obtained irom the Department Questionnaire or
from the Instrument Data Sheet, had no more than 1 or 2 percent nonresponse. Because item
nonresponse was inconsequential, most tabulations in this report simply exclude cases with missing
values on any of the table’s variables. This procedure has no effect on estimates of percentages,
means, or other ratios. For estimates of totals (e.g., estimated total number of instruments in the
national stock or estimated total cost of this equipment), the effect is to lower estimates slightly
and to create slight differences when two or more tables present estimates of the same total. The
reader is alerted to expect slight, inconsequential discrepancies of this kind when comparing
findings from one table to another.

DEFINITIONS

The following definitions and guidelines are provided to aid in the effective use of the

data in this report.

Survey Year. The reference survey year for research equipment in Phase I fields (i.e.,
the physical, computer, and materials sciences and engineering) of the baseline study was the 1982
calendar year. For Phase I of the update study, the survey year was 1985. The survey year for
Phase II fields (i.e., the agricultural, biological, and environmental sciences) was 1983 in the
baseline study and 1986 in the update study. In both studies, actual data collection occurred
shortly after the start of the year following the applicable survey year.

Field of Science/Engineering. Field classifications for in-use research instruments
are based on user descriptions of the instrument’s principal field of research use. Field
classifications for department-level data and for instrument systems tha. were not used for

research in a given survey year indicate the principai field of research in the department.




In its most detailed form, the field typology is as follows:

Engineering

Electrical (electrouic, computer engineering)

Mechanical

Metallurgical/materials (ceramic, mining, mineral)

Chemical

Civil (architectural)

Other (e.g., aerospace, agricultural, biomedical, industrial, nuclear, systems)

Agricultural Sciences

Agronomic sciences (e.g., agronomy, horticulture, pomology, plant pathology, soil
management)

Animal sciences (e.g, dairy sciences, poultry sciences, animal nutrition, range
sciences)

Natural resources management (forestry, pulp and paper production, fisheries and
wildlife management, agricultural chemistry)

Biological Sciences

In colleges/universities
In medical schools

Computer Scjence (no subdivisions)
Environmental Sciences (geological, atmospheric, and oceanographic sciences)

Materials Sciences (interdisciplinary, not just materials engineering)

Physical Sciences

Chemistry (physical, inorganic, polymer; not biochemistry)
Physics and astronomy

Interdisciplinary, n.ec. (e.g., interdiscipiinary nuclear science research facility, textile
sciences department)

R&D Size. In the baseline study, this measure was based on institutions’ reported FY
1980 total R&D expenditures in all science and e1._.neering fields to be surveyed in Phases I and
II. The top 20 institutions, which collectively accounted for about 40 percent of all academic R&D
expenditures in applicable fields, were distinguished from the remaining institutions in the survey

universe, each of which had R&D expenditures of at least $3 million in FY 1980 or in at least one
of the three prior years. The updaie study used the same definition, based upon NSF R&D
expenditures data for FY 1984 and the prior three years. Nineteen of the top 20 inst’tutions in the

‘e
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update study classification had also been in the top 20 in the baseiine study classification. In the
data analysis, the R&D size variable is used only for colleges/universities. Medical schools are not

subdivided in this way.

System. In data collection terms, an instrument system consists of a reference
instrument or component selected from a department property list, plus any separately acquired
"add-ons" or components that, as of December 31 of the survey year, were dedicated solely for use
with the reference item. The instrument system is the basic unit of reference in the equipment
survey, and all reported price/cost figures reflect prices/costs for the full system -- the base unit
plus all dedicated accessories. The survey is limited to systems with an original purchase price of
$10,000 to $1 million.

National Stock. In this report, the term "national stock” of academic research
equipment refers to all instrument systems costing $10,000 to $1 million that, as of December 31 of
the survey year, were physically located at an academic institution in the survey universe and were
used (or intended for use) in original scientific research in one or more of the fields encompassed
by the survey. In addition to systems actually used for research in the survey year, this includes
existing components of nonoperational systems still under construction at the end of the year and

re<earch systems that were inoperable or inactive throughout the year.

Purchase Price. The purchase price refers to the total system purchase price at the
time of original purchase (i.e., when new). For multi-component systems, the purchase price is the
aggregate price of all components and accessories. Exceptc where clearly specified otherwise, all
cost /value/investment statistics in this report refer to system purchase price. In situations where
there is a difference between the manufacturer’s list price and the (discounted) price actually paid

when the instrument was first purchased, the actual price is used in this report.

G5
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Table B-1. Trends in the aggregate purchase price of academic research equipment, including
systems costing $1,000,000 or more, bY equipment category and institution type:
National estimates, 1982-83 to 1985-86

Aggregate purchase price
(dollars in millions)

Equipment category

and 1985-86
institution type 1982 Percent

-83 change2

Unadjusted Adjusted2

TOAL .....oveereveareraneeassronsonsasssnnas $2,303 $3,441 $3,307 44%
EQUIPMENT CATEGORY
Systems costing
$10,000 - $1,000,000........... 1,605 2,342 2,221 38
Large systems (generally
over $1,000,000), total......... 698 1,099 1,086 56
General purpose research
computer centers ............... 420 799 791 88
Dedicated research
Research vessels ................... 17 27 27 56
High energy physics
SYSLEMS ....convrnevrrnrcaresareasnans 164 165 165 0
Observatories.............cocuneeee 38 13 13 -65
Other large systems.............. 55 66 63 14

INSTITUTION TYPE

Colleges/universities............... 2,013 3,028 2,903 44
Private.........coveeeecveccricaneeranss 694 913 872 26
PUDLIC ....ooeevrreeerrnecnnccnnenanaes 1,319 2,116 2,031 54
Top 20 in R&D.................... 749 960 937 25
Not in top 20.......cccecueeuennenee 1,264 2,068 1,966 56

Medical schools...........ccceceueeee. 290 413 403 39

IFor the agricultural, biological and environmental sciences, estimates are for 1986 and 1983.
In all other fields, estimates are for 1985 and 1982.

2Estimates are adjusted for inflation. For procedure, see Appendix F.

COMPULETS ....ccceeveeenrevrsrnneas 3 29 27 861
‘ SOURCE: National Science Foundation, SRS
|
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Table B-2. Trends in the number of systems in the natioral stock, by field and institution
typc: National estimates, 1982-83 to 1985-86

Number of systems

Field and
institution type 1985-86
1982 Percenﬁ
-83 Unadjusted | Adjusted? change
Total.....eeeeeeeeeeeereeeteeeeeeereeeena, 46,500 64,700 62,200 34%
FIELD
Engineering............ccocunevreneen ... 9,400 11,900 11,300 20
Chemical..........oeeeveerereereeenn. 800 1,200 1,200 39
Civil e, 700 1,200 1,200 g
Elcctrical.........ooveeeeveeeennreerennnnn. 2,200 3,100 2,900 31
Mechanical..............cuoevuvenenne.. 1,900 2,400 2,200 21
Metallurgical/materials ................ 1,200 1,300 1,200 -4
Other, N.e.C...uvvvenneeeereeerenn 2,500 2,800 2,600 2
Agricultural sciences...................... 2,000 2,900 2,800 45
Agronomic sciences...................... 1,200 1,900 1,800 48
Animal sciences............................ 500 500 500 hid
Natural resources management.... 200 500 500 hid
Biological sciences.......................... 17,800 24,900 24,300 36
In medical schoots........................ 10,500 13,500 13,300 27
In colleges/universities................. 7,300 11,400 11,000 51
Computer science ........................... 1,100 2,300 2,200 98
Environmental sciences.................. 2,700 4,200 4,000 51
Materials science............................ 700 900 900 had
Physical sciences...............ooeve.nn. 11,600 15,300 14,500 25
Chemistry .........ccooeveueveeeeeerenennn, 6,400 8,400 7,900 24
Physics/astronomy........................ 5,200 7,000 6,600 27
Interdisciplinary, ne.c................... 1,300 2,3Cu 2,100 65
INSTITUTION TYPE
Colleges/universities....................... 35,200 51,100 48,700 36
Private...........oeeveveeeereeeesrenn. 11,900 14,700 14,000 17
Public......cureeeeeeeeeeeee, 24,000 36,500 34,800 45
Top 20 in R&D...........oooueennn. 12,800 17,500 17,200 35
Not in top 20........ccooeeneeeneannn. 23,200 33,600 31,500 36
Medical schools.................cconn...... 10,600 13,600 13,400 26
ll-‘or the agricultural, biological and environmental sciences, estimates are for 1936 and 1983.
In all other fields, estimates are for 1985 and 1982.
2lEstimates are adjusted for inflation. For procedure, see Appendix F.
**Unstable estimate: 1982-83 base is less than 750 systems.
SOURCE: National Science Foundation, SRS
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Table B-3. Distribution of systems in the national stock, by system research status, field, and institution type:
National estimates, 1982-83 and 1985-86!

System research status (percent of systems)

In research use

Field and Not yet llnact::;{e
institution type in use State-of- Other nope
Total the-art
1982 1985 1982 1985 1982 1985 1982 1985
-83 -36 -83 -86 -83 -86 -83 -36
100% 2% 2% 18% 21% 62% 62% 19% 15%
100 2 18 19 56 59 23 20
100 2 16 20 65 81 19 17
100 o 2 o 20 b 59 i 19
100 1 2 19 29 54 62 26 17
100 H H 19 22 53 52 23 22
100 2 3 15 21 73 e8 10 8
100 3 1 22 14 S0 53 26 28
100 1 1 22 21 62 68 14 10
100 1 1 24 22 61 68 14 9
lw (14 [ 1) (1] [ 1) (14 (14 (1] (1)
lw (1) (1) (1) (1] (1) (14 (1) (1)
100 1 1 19 22 69 68 12 9
100 1 1 18 22 69 67 12 10
100 ¢ 1 20 22 69 68 1 9
100 6 2 17 19 63 74 18 4
100 2 3 2 22 61 56 18 19
lw e z (1) lo e 16 [ 1) 6
100 1 2 15 19 61 61 22 18
Chemustry .........cooovecvmennne 100 1 1 14 20 63 64 22 15
Physics/astronomy. .......cceeveceenenenes 100 1 3 16 19 60 §7 22 21
Interdisciplinary, n.ec. 100 2 7 7 26 ] 25 84 42
INSTITUTION TYPE
Colleges/universities ............ccccocecnveee. 100 2 2 17 21 60 61 21 16
PrivALs .ccovecerencveerereensesssensssenacessssens 100 2 2 19 23 s7 59 22 16
Public......ccooveeemiiinnniinnnenniiinines conens 100 2 17 20 62 62 20 16
Top 20 in RED ..... ........ . 100 2 2 15 19 64 64 19 18
Not 1 toP 20.....coniioannnes crorvnnnnnnnes 100 2 2 18 21 58 60 22 17
Medical schools 100 1 1 18 22 68 67 12 10

IFor the agricultural, biological and environmental sciences, estimates are for

fields, estimates are for 1985 and 1982.

*Less than 0.5%

ssJnstable estimate: base is less than 750 systems.

%OURCE: National Science Foundation, SRS
ERIC

Aruitoxt provided by Eic:

B-11

jd
-
-

SN

1986 and 1983.
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Table B-4. Aggregate purchase price of systems in the national stock, by system research status, field,
and institution type: National estimates, 1985-86 and percent change from 1982-83

System resesrch status (sggregate purchase price; dollars in millions)

In research use
Field and Total Not yet State-of- Insctive/
institution type in use the-art Other Inoperable
1988 Pmon5 1285 Porccns 1988 Pomns 19885 Percen 1988 Pcmns
-86 change -88 change -86 change -86 change -86 change
Total $2,3422 38% $82.1 136% 35948 50% 81,3388 a% $278.5 1%
460.9 32 20.8 1] 103.5 28 268.3 36 68.4 18
40.2 41 08 b 99 31 229 40 6.6 62
38.0 56 06 i 8.7 8 20.7 104 6.1 b
126.4 47 3.0 b 308 39 79.1 69 188 -7
106.0 448 128 516 23.1 93 4785 14 21.6 41
46.0 -7 13 i 18.4 17 28.5 -14 28 i
107.4 16 23 oo i -24 69.7 42 179 4
67.4 84 0.6 i 17.7 49 4“0 (] 45 e
421 50 0.4 o 11.2 31 27.9 67 26 i
11.6 12 0.1 e 3.5 i 7.4 8 0.5 b
138 i 0.1 i 3.0 i 9.3 180 1.4 b
716.0 48 178 276 208.6 88 439.9 40 538 1z
402.0 38 88 229 115.0 47 245.4 35 2.7 16
318.0 62 89 344 88.5 67 194.5 62 21.0 22
108.7 1] 24 i 20.6 75 7.6 87 3.2
199.7 50 8.4 232 61.4 [ 108.3 33 21.7
48.2 26 21 i 11.2 -11 33.3 46 1.7 hid
648.1 28 216 258 186.0 4“ 387.1 26 8385 -2
368.4 36 78 m 0.8 70 231.1 35 35.7 -13
282.7 19 13.8 285 65.2 19 155.9 15 478 8
97.0 32 8.4 198 21.0 476 25.8 410 418 -3
1,932.5 33 73.2 129 478.9 50 1,134.6 42 245.8 -2
583.4 20 179 20 167.7 36 326.2 22 715 -11
1,349.1 47 85.3 223 s11.2 60 808 .4 52 174.3 3
Top20inR&D ..............cen............ 663.3 s 30.6 132 168.5 50 389.7 35 745 4
Not in top 20 1,269.2 39 4.7 127 310.4 50 7449 47 171.2 -3
Maedical schools 409.6 39 88 226 115.9 46 252.2 37 2.7 15

IFor the agricultural, biological and environmental sciences,
fields, estimates are for 1985 and 1982.

zﬁatimates are adjusted for inflation. For procedures, see Appendix F.
**Unstable estimate: 1982-83 base is less than $6 million.

SOURCE: National Science Foundation, SRS

ERIC

Aruitoxt provided by Eic:
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Table B-4a. Aggregate purchase price of systems in the national stock, by system research statuls, field,
and institution type: National estimates, 1982-83 and 1985-86 (inflation-adjusted)

System research status (aggregate purchase price; dollars :n mllions)

In research use

. Inactive/
Field and
institution type Total N'ont ::.t- S:;::::— Other Inoperable
1982 198§ 1982 1989 1982 198§ 1082 198§ 1982 1989
-83 -86 -83 -86 -83 -88 -83 86 -88 -86
Totah.....o oot cereereeeeeraees $1,6049 $2,2210 $s1.1 $73.4 $371.8 $555.3 $039.4 $1,3272 $263.1 $265.1
FIELD
Engineering .............cccvvueerveeeceeennnnnnns 328.5 4329 12,0 1848 748 95.6 186.5 2536 85.3 65.2
Chemical........ccccceet coernneevereesenn vennes 27.0 8.2 08 0.7 7.1 9.3 185 21.7 4.0 8.5
Civil....oooeiiiiiniin e e o 21.9 34.2 4.1 0.5 4.3 7.9 9.8 20.0 3.7 5.8
Elactrical .......ccoooveeieveennernrernenvenes 79.9 1178 2.2 28 204 28.3 44.2 746 13.0 121
Mechanical ........cccceeevenenerevenennnnnnn. 67.2 9.3 1.9 117 10.7 21.3 3938 454 14.8 20.9
Metallurgical/materials ................... 46.0 4238 0.9 0.9 10.3 12.0 31.6 271 3.3 27
Other, Dg.c..........ccueeeeeeerereerreneennen 88.5 100.7 24 2.0 220 16.8 45.6 64.7 16.85 17.1
42.4 5.8 0.4 0.6 11.2 16.7 26.3 43.7 4.6 48
278 40.9 0.1 04 8.1 106 16.3 27.2 2.8 26
2.9 111 0.2 0.1 2.2 3.2 6.7 7.2 08 08
5.3 138 0.1 0.1 0.9 29 3.3 9.2 1.0 13
469.4 652.4 4.2 18.8 126.0 198.7 295.3 4208 4.9 §3.2
284.6 392.6 25 8.1 743 110.2 179.1 241.6 28.2 327
184.3 200.9 1.7 1.7 80.2 838 116.2 188.2 16.7 208
59.4 97.9 3.1 2.0 10.7 18.7 30.7 74.3 5.9 28
124.7 187.5 2.2 73 34.4 87.0 74.4 1028 18.6 204
37.1 46.9 1.1 2.0 12.0 10.7 224 326 1.6 1.7
477.1 610.5 5.6 19.7 100.0 144.4 290.3 367.1 81.2 79.3
281.8 348.2 2.2 7.0 49.0 83.6 161.5 218.6 39.1 340
'426.2 267.3 3.3 12.8 51.0 60.8 1283 148.4 4.1 453
Interdisciplinary, n.ec..........ccceuvunenn 66.4 874 28 73 3.2 188 4.6 235 561 38.1
INSTITUTION TYPE
Colleges/univensities........................... 1,316.6 1,8208 28.6 65.3 295.3 444.3 758.0 1,078.8 234.8 2324
Private.........ccccovuenivreneecnecnenneeecnnnes 456.6 549.8 13.3 16.0 1145 186.7 2545 311.4 74 4 66.7
Public......cccooovereiniicenererrecreereeccenene 860.0 1,271.0 15.8 49.3 180.9 288.6 508.5 767.4 160.4 168.7
Top20in RED.......cccooevveevee 472.1 643.4 12.2 28.3 106.4 160.1 282.7 3814 70.8 73.6
Notintop 20........ccceveeeeevveccnnennnne 844.4 1,177.8 16.3 37.0 188.9 284.2 478.2 697.8 164.0 1588
Medical schools ...................ccnene.... 288.3 400.2 28 8.1 76.0 111.0 181.5 248.4 28.3 2.7

lFor the agricultural, biological and environmental sciences, estimates are for 1986 and 1983.
fields, estimates are for 1985 and 1982.

2Estimates are adjusted for inflation. For procedures, see Appendix F.
SOURCE: National Science Foundation, SRS
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Table B-5. Median age of systems in the national stock, by svstem refearch status, field, and
institution type: National estimates, 1982-83 and 1985-86

System research stetus (median age, in years)

In research use
Not yet Inactive/

in use g Inoperable
State-of- Other

the-art

Field and Total

institution type

1982 1985 1982 1985 1982 1985 1982 1985 1982 1985
-83 -86 -83 -86 -83 -86 -83 -86 -83 -86

Total.ccooviiiiiiint cerrirrerrreereneeeeeeeeeennnas H H <1 <1 2 2 H 5 11 12
FIELD
Engineering.........cccccceviveeernnvennnnnnn. 4 4 <1 <1 1 2 4 4 10 9
Chemical .......cceeviiiiiiiiiiines . 4 4 b b 1 2 4 H b 12
(6717 | OO 5 3 b b bl 1 6 5 bl b
Electrical.. ....ccooviviviiiiine o e 3 2 b b 1 1 3 3 8 5
Mechanical........c.ccoovviviiiet vrvnnneens 4 4 b bl 0 2 ] H 11 11
Metallurgical /materials................. 3 4 b i 2 3 4 5 b b
Other, n.e.c...coueveeereeeeeees e 7 4 b bl 4 1 7 3 11 10
Agricultural sciences ........................ 4 5 b b 2 2 5 5 e b
Agronomic aciences .. 4 4 b i 2 2 5 5 hd bl
Animal sciences............................. 4 5 b b . b ‘5 6 . b
Natural resources management ..... b 5 b b bl ne bl b »e b
Biological sciences............................ ] 5 b <1 2 2 6 6 11 12
In medical schools.......................... 5 5 b <1 2 2 6 6 11 12
In colleges/universities.................. 5 5 b <1 2 2 5 6 11 13
Computer science............cccceuvvennen.. 2 2 e e 0 1 2 2 . b
Environmental sciences.................... 4 4 b <1 2 1 4 4 9 7
Materials science..................coun......... 10 7 b bl 1 2 11 9 b "
Physical sciences.... ] 5 b <1 2 1 ] 5 12 13
Chemistry .............. 13 5 b <1 2 1 4 5 11 13
Paysics/astronomy........................ 6 5 b <1 2 2 6 5 14 13
Interdisciplinary, n.ec .....couueen.n..... 9 8 b <1 b 3 bl 8 13 11
INSTITUTION TYPE
Colleges/universities ........................ 5 4 <1 <1 2 2 5 5 11 12
Private.....c.ccoovvevvvneiiiieeeeenens H 4 2 <1 1 2 4 3 13 16
Public......coovvinercrrrniieieee . 5 4 <1 <1 2 2 H § 10 11
Top 20 in R&D ..o, 5 4 <1 <1 2 1 5 3 11 11
Not in top 20 3 H 1 <1 2 2 5 3 11 12
Medical schools..................cennen..ne. 3 H i <1 2 2 6 6 11 12

lFor the agricultural, biological and environmental sciences, estimates zre for 1986 and 1983. In all other
fields, estimates are for 1985 and 1982.

**Unstable estimate: base is less than $6,000,000 of equipment.

SOURCE: National Science Foundation, SRS
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Table B-6. Rates of acquisition and retirement of
National estimates, 1982-83 to 1985-86

1n-use research equipment, by field and institution type:

Rates of acquisition and retirement of in-use systems

Field and Systems in-use in 1982-83

Systems in-use in 1985-86

institution ivce

Total ‘ Percent retired by Total Percent acciuired since
number i 1985-86 number 1982-83
K01 ) 36,300 23% 53,900 37%
FIELD
Engineering..........coooevevvvvnvereuveicennns 6,800 27 9,300 44
Chemical......c...oevveererrrcerrecenreriecennes 700 25 1,000 43
GVl e ceveeveseeceveesens 400 25 900 44
Electrical..........ccocueevvveeecvvversrvesrnnn. 1,500 31 2,500 54
Mechanical........cocecenerveeereercnerreerene 1,300 33 1,700 36
Metallurgical/materials................... 1,100 17 1,100 28
Other, N.e.Co.nrrerrerirrccrreenrens 1,800 25 1,900 50
Agricultural sciences..........cocereveernens 1,600 14 2,600 29
AGronomic SCiences..............ocoreenee 1,000 12 1,700 29
Animal SCIENCeS.........cceevererereenerrens 400 11 500 27
Natural resources management...... 200 31 400 31
Biological sciences.........cccceeveervvennnes 15,300 20 22,300 31
In medical schools.............ccouueen.... 8,900 19 12,000 33
In colleges/universities .................. 6,400 21 10,300 29
Computer SCIENCE ........ceeerrveererennrrnnne 900 42 2,200 75
Environmental sciences.................... 2,100 28 3,300 39
Materials sCience..........cccecrverurrrennene, 600 17 800 23
Physical sciences.........c.ceeer creervernn, 8,800 24 12,300 38
L0, 171 111 o 2 4,800 22 7,000 36
Physics/astronomy.........c..ccceerrerenns 3,900 27 5,300 42
Interdisciplinary, n.e.c. .......couu.e..... 200 16 1,200 33
INSTITUTION TYPE
Colleges/universities.............cc.uoc.... 27,300 24 41,800 38
Private......ccccceerevmrrvniveienrvessennenins 8,900 23 11,900 39
PubliC.......coveeverenrerreenervenrrirennn 18,500 24 29,800 38
Top 20 in R&D.......ccvcvvevveevereens 10,000 24 14,600 40
Not in top 20......cccceverrerverereeerenrne. 17,400 24 27,200 37
Medical ~chools.........ccceceevverveerrenenes 9,000 19 12,089 33

ll’or the agricultural, biological and environmental sciences, estimates are for 1986 and 1983. In all other

fields, estimates are for 1985 and 1982.

SOURCE: National Science Foundation, SRS




Table B-7. Trends in the number of in-use research systems, by field and institution type:
National estimates, 1982-83 to 1985-861

Field and

Number of systems

1985-86

institution type 1982 Percent
-83 Unadjusted Adjusted2 change
B {01 c: NSRS 36,300 53,900 51,900 43%
FIELD
Engineering.........o.eeevereeevvevcuvennennn.. 6,800 9,300 8,800 30
Chemical.......ccoocevvviveneiereereearnnns 700 1,000 1,000 4]
L6315 | USRS 400 900 900 b
Electrical.........ccccecorvucvrvrereennreernens 1,500 2,500 2,400 59
Mechanical...........ccccvucveeverrannn...... 1,300 1,700 1,700 23
Metallurgical/materials.............. .. 1,100 1,100 1,100 -2
Other, N.€.Co.uu.cveereerecrereeenrrrnnnn. 1,800 1,900 1,800 4
Agricultural sciences......................... 1,600 2,600 2,500 52
Agronomic sciences........................ 1,0C0 1,700 1,600 57
Animal sciences...........covvvvrevenn... 400 500 500 i
Natural resources management...... 200 400 400 s
Biological sciences............................ 15,300 22,300 21,800 42
In medical schooits.......................... 8,900 12,000 11,800 33
In colleges/universities .................. 6,400 10,300 10,000 55
Computer science...............c.......... 900 2,200 2,100 138
Environmental sciences.................... 2,100 3,300 3,200 50
Materials science..........c.eeennneunnnn.... 600 800 800 22
Physical sciences........ccooeeeverervveennnn.n. 8,800 12,300 12,000 33
Chemistry ......cccevvveeveeeevverveveennnnnn 4,800 7,000 6,600 37
Physics/astronomy.......................... 3,900 5,300 5,000 28
Interdisciplinary, n.e.c........uu...... 200 1,200 1,100 b
INSTITUTION TYPE
Colleges/universities......................... 27,300 41,800 40,000 46
Private..........cccevveveevveerererrrneenan.. 8,900 11,900 11,500 29
Public......cveeveveeeeveeere e 18,500 29,800 28,500 54
Top 20 in R&T ... 10,000 14,600 14,400 42
Not in top 20......ccevvvruveevveneeennnnn. 17,400 27,200 25,600 44
Medical schools............ e 9,000 12,100 11,900 33

lFo.' the agricultural, biological and environmental sciences, estimates are for 1986 and 1983.
In all other fields, estimates are for 1985 and 1982.

2Estimates are adjusted for inflation. For procedure, see Appendix F.

**Unstable estimate:  19¢ "-83 base is less than 500 systems.

SOURCE: National Science roundation, SRS




Table B-8. Trends in the aggregate purchase price of in-use researcl] systems, by field and
institution type: National estimates, 1982-83 to 1985-86

Aggregate purchase price (dollars in millions)

Field and 1985-86
institution type 1982 Percrng
-83 . . 2 change
Unadjusted Adjusted
TOtAL....ceeeeeeeeeereereevecerrseeresres vssanes $1,310.7 $1,981.6 $1,882.5 44%
FIELD
EnGiNeering.......cccceeeeeevrvvrecrenerverecsunns 261.3 371.8 349.1 34
ChemiCal .....eeeueeeeeereeeevsssrsssressvsssrens 22.6 32.8 30.9 37
{65117 ) ISR 14.1 29.3 27.9 98
Electrical..... cueeeveeeerrerevereveerssnnenns 64.6 109.8 102.9 59
Mechanical.......cooceveemeveerrevressenennns 50.5 70.6 66.7 32
Metallurgical/materials................... 41.9 41.9 39.1 -1
Other, N.e.Cocoeevrrerrreneieecervrrresaneens 67.6 87.2 81.5 21
Agricultural sciences.........c.cceereeee. 37.5 62.3 60.4 61
Agronomic sciences..........cc.eoveeeeen.s 24.4 39.1 37.9 55
Animal sciences.........cccevevrrevvnnnnnnen. 8.9 10.9 10.5 18
Natural resources management...... 4.2 123 12.0 hid
Biological sciences.......c.ceeeeceveveennee. 420.3 643.4 623.5 48
In medical schools......cccceeeeerereennen. 253.9 360.4 351.8 39
In colleges/universities.................. 166.3 283.0 271.7 63
Computer SCIeNce ........ceevevevevuvveeneen. 50.4 100.2 93.1 85
Environmental sciences.................... 108.9 169.6 159.7 47
Materials SCIENCE......cvveevreeeeerrnnennnrens 34.4 44.5 43.3 26
Physical sciences......ccccevveeeerereeeesrenne 390.2 543.0 511.4 31
ChemiStry ...ceeveeveniiesveerevervessoneorens 210.5 321.9 302.2 44
Physics/astronomy........ccceceeeeruvenene 179.7 221.1 209.2 16
Interdisciplinary, n.e.C....ccceeceeerennen.. 7.8 46.8 42.0 438
INSTITUTION TYPE
Colleges/universities...........ccceervrnn. 1,053.3 1,613.5 1,523.1 45
Private......covceeeeveevenrrernreeersrescrsenens 368.9 494.0 467.1 27
4 117) T 684.3 1,119.6 1,056.0 54
Top 20 in R&D.....covevceereevcvnncrns 389.1 558.2 541.4 39
NOt i tOP 20...ccceeercrrecereiveveeresanes 664.2 1,055.3 981.7 48
Medical SChOOIS....ccccervrrrneereerrrerereinnne 257.5 368.0 359.4 40

lFor the agricultural, biological and environmental sciences, estimates are for 1986 and 1983.
In all other fields, estimates arc for 1985 and 1982.

2Estimates are adjusted for inflation. For procedure, see Appendix F.
**Unstable estimate: 1982-83 base is less than $6 million.
SOURCE: National Science Foundation, SRS
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Table B-9. Trends in the mean dollar amouni of in-use research equipment per ipstitution,
by field and institution type: National estimates, 1982-83 to 1985-86

Mean purchase price per institution
(dollars in thousands;

Field and
institution type 1982 1985-86 Percens
-83 ] 2 change
Unadjusted Adjusted
J {0 ) SR $5,306 $7,450 $£7,382 39%
FIELD
Engineering.........ccceceeevrevurevvverveennnns 1,686 2,136 2,142 27
Chemical...........cce. evevecvrnvranneannnns 146 188 190 30
L6511 ) R 91 168 171 **
Electrical..........oeoceeeeeeineane. 417 631 631 51
Mechanical.............ccvereueeeurseennnns 326 406 409 25
Metallurgical/materials .................. 270 241 240 -11
Other, N.€.Counnrreeeeveecrevensaasennn. 436 501 500 15
Agricultural sciences........................ 242 358 371 53
Agronomic sciences........................ 157 225 233 48
Animal sciences............cceeuvveennenens 57 63 64 g
Natural resources management...... 27 71 74 **
Biological sciences............................ 1,702 2,419 2,445 44
In medical schoots.......................... 2,760 3,917 3,824 29
In colleges/universities................... 1,073 1,626 1,667 -
Computer science ............................. 325 576 571 76
Environmental sciences.................... 702 975 980 40
Materials science............................... 222 256 266 20
Physical sciences...........cccevenunenn..... 2,518 3,121 3,137 25
ChemiStry .....ccvevveevveererveneneereenennns 1,358 1,850 1,854 37
Physics/astronomy.......................... 1,160 1,271 1,283 11
Interdisciplinary, n.ec..................... 50 269 258 b
INSTITUTION TYPE *
Colleges/universities......................... 6,795 9,273 9,344 38
Private......coveeeveenmvseeseecreevreeevennn. 7,233 8,821 9,160 27
PUbLiC...ueeeeeeeerrceeee e, 6,580 9,488 9,429 43
Top 20 in R&D.............................. 19,455 27,910 27,070 39
Not in top 20....ccceeuveveererveeennnn. 4,920 6,853 6,865 40
Medical schools.............ceeeereeenn...n.. 2,799 4,000 3,906 40

lFor the agricultural, biological and environmental sciences, estimates are for 1986 and 1983.
In all other fields, estimates aie for 1985 and 1982.

2Estimates are adjusted for inflation. For procedure, see Appendix F.

**Unstable estimate: 1982-83 base is less than $100,000 per institution.

SOURCE: National Science Foundation, SRS
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Table B-10. Trends in the mean purchase price per system of in-use reseTrch equipment, by field
and institution type: Nationa} estimates, 1982-83 to 1985-86

Mean purchase price per system
{dollars in thousands)

Field and 1985-86
institution type 1982 Percen%
-83 ] ] 2 change
Unadjusted Adjusted
e ) R $36.1 $36.8 $36.3 1%
FIiELD
Engineering..........ccoceuvrveuenvrenrvorinnns 38.5 40.1 39.5 3
Chemical.......oeeceervcircericiiieeerreraen 33.5 33.7 32.5 -3
CUVIl ooiereiveereviseiesnteseesnessireneas 355 31.0 309 *
Electrical........cccoveevvvrvvvvvennns rennena. 42.4 43.3 42.5 0
Mechanical........cccccoveveervrvnrevennnnnne. 376 40.6 40.3 7
Metallurgical/materials................... 38.5 37.3 36.7 -5
Other, N..Coceuvrveriivrcrcrereeeeernenn, 38.3 44.8 44.4 16
Agricultural sciences........................ 22.7 24.2 24.0 6
AZronomic SCiences...........eeccomnean, 234 23.5 23.2 -1
Animal sciences............ccoveuerennnee. bt 21.7 * *
Natural resources management...... b ** ** b
Biological sciences...........cccreeeernennees 274 28.6 28.6 4
In medical schools..........ccueervinnenens 286 30.0 29.7 4
In colleges/universities................... 259 27.5 27.3 5
Computes SCIENCe ..........c.cevereveeneens 57.8 46.0 44.8 -22
Environmental sciences..........co....... 516 51.4 50.6 -2
Materials science...........cccccvvierenrineane. 53.9 55.3 54.8 3
Physical SCIeNcCeS.......cvcvvrererirunrerrvennn 44 6 44.1 43.9 =2
ChemiStry .....cccoveevveeivneeerenrennrerenses 43.6 45.9 45.5 4
Physics/astroncmy.........couennenn...n. 45.8 41.7 41.6 -9
Interdisciplinary, n.e.C.....ccoerennnen... ** 39.8 39.0 **
INSTITUTION TYPE
Colleges/universities.............c.o....... 38.5 38.6 38.1 -1
Private.....ccocoeveericiinninssseresrensssrensens 41.6 41.3 40.8 -2
PUBLIC..coeeereeiicereeiiceeesereee s 37.0 37.5 37.0 0
Top 20 in R&D.......couvervrvvinnenn, 39.1 38.2 37.7 -4
Not in top 20.....cc.cvvvevrieinererennnn, 38.2 38.8 38.4 1
Medical sChoOOIS.........coovevivirnvrrennn, 28.7 30.4 30.1 5

lFor the agricultural, biological and environmental sciences, estimates are for 1986 and 1983.
In all other fields, estimates are for 1985 and 1982.

2Estimates are adjusted for inflation. For procedure, see Appendix F.

*#Unstable estimate: base is less than 570 systems.

SOURCE: Naticnal Science Foundation, SRS
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Table B-11. Means of acquisition ?f in-use research equipment, by field and institution type: National estimates,
1982-83 and 1985-86

Moeans of acquisition (percent of in-use systems)

Purchasced Donated

Locally
Field and Total Built

institution type New Used New Used

Other

1982 1935 1982 1985 1982 1986 1982 1986 1982 | 1985 | 1082 | 1985

-83 -86 -83 -86 -83 -868 -83 -88 -83 -86 -83 -88
TOtAL.c..ceecnecncncnneentrntestesanees 100% 8% 1% 4% % 1% 2% 1% 1% % 2% X 1%
FIELD
Engineering ..........ccccceeueeeennene. 100 83 88 3 2 4 4 2 2 (] 2 2 2
Chemical 100 93 3 3 d 1 d 1 d 1 1 1
Civil....reereeeceene crreeeeeennee 100 .o 21 .o 1 .o 1 had 2 . 4 had 1
Electrical ............  ........... 100 7 83 3 2 ] 9 2 2 5 2 4 2
Mechanical ...........conennene 100 85 86 1 2 1 s 1 5 10 [ . . )
Maetallurgical /materials ....... 100 89 91 2 2 i 1 4 1 s 1 2 4
Other, nec.....ceveeeeeeeeeennnns 100 74 88 [ 2 11 4 1 1 7 3 3 2
Agricultural sciences............... 100 98 1] 2 s d d d i 1 1 1 d
Agronomic sciences.............. 100 97 ] 2 2 d d d d 1 1 d
Animal sciences ................... 100 .o 95 had [3 i d .o d .o d . d
N.‘“r‘l resources m‘.‘n‘ ““““ lw L 1] L 1) (1] L 1) (1] L 1) L 1) L 1] L 1) (1] (1] L 1]
Biological sciences................... 94 o4 s 3 d . d . . . 2 1
In medical gchools.... . o4 o4 d d d d d d 2
In colleges/universities ........ 100 M M 4 4 d i i i 1 d 1
Computer scienca.................... 100 88 87 8 1 3 1 3 1 d ¢ d .
Environmental sciences... . 100 83 [ [ 2 1 1 1 2 13 5 [3
Matenale science..................... 100 [13 87 3 [ d d d ] 1 4 d d
Physiical sciences... 86 89 5 3 d 1 1 1 4 3 3
Chemistry............. 86 91 7 4 d 1 2 1 1 1 4 3
Physics/astronomy 85 88 3 2 d . d 1 8 [ 4 s
Interdisciplinary, n.ec............ 100 had 77 oo [} had 13 had d had d i 4
L«3TITUTION TYPE
Colleges/universities............... 100 88 90 4 s 1 2 1 1 s 2 2 1
Private........cccccevveeeeccnen vennn 100 87 90 3 1 2 1 [3 2 2
Public....cccceeer v, 100 88 90 4 3 2 1 1 2 2 3 2
Top 20 in R&D.................... 100 89 89 3 2 1 3 1 1 3 3 2 1
Notintop 20............ccrueen... 100 87 90 1 3 2 2 1 1 3 2 2 2
Maedical scncols....................... 100 94 o4 s ] d . . d ¢ ¢ 2 2

lFo:- the agricultural, biological and environmental sciences, estimates are for 1986 and 1983. In all other fields,
estimates are for 1985 and 1982.

*Less than 0.5%
**Unstable estimate: base is less than 500 systems.

SOURCE: National Science Foundation, SRS

Q B-30; -
ERIC i

Aruitoxt provided by Eic:




Table B-12. Federal involvement in funding of in-usle research equipment, by field and institution type:
National estimates, 1982-83 and 1985-86

Federal funding involvement
(percent of in-use systems)
. Field and No Federal Partial 100% Federal
institution type Total funding tfueggir:é funding
1982 1985 1982 1985 1982 1985
-83 -86 -83 -86 -83 -86
Total....eeeeeee e 100% 40% 45% 17% 15% 43% 40%
FIELD
Engineering .........c.ccooeeceevvvreeervnenenees 100 47 54 18 16 35 30
Chemical......ocoeeeeeeeccee e 100 36 48 22 18 42 34
Civilaeooeceee e 100 b 68 A 18 g 14
Electrical ......c.ooeeeeeeereeceeeeeeneene 100 26 48 16 15 58 37
Mechanical..........co.ooeevneivivneecnnens 100 37 53 21 15 42 31
Metallurgical/materials................... 100 45 50 32 24 23 27
Other, N.e.C. e 100 72 61 9 12 19 28
Agricultural sciences.........ccccccreeue... 100 74 10 9 19 17
Agronomic sciences.........cccecoenee.n. 100 75 77 9 7 16 16
Animal sciences...........cou......cvreme.n.. 100 i 72 hid i3 A 15
Natural resources management...... 100 se b i i i i
Biological sciences.........c.cccurcerrnneennn 100 41 44 11 12 47 44
In medical schools.....ccc.c.eceuunncenns 100 4] 42 10 10 49 48
In colleges/universities................... 100 42 46 13 15 44 39
Computer SCience.............ovvoeeeivenncen. 100 45 41 27 5 27 54
Environmental sciences.................... 100 43 42 17 i5 40 43
Materials science......ccccceeceeenrerennnennne. 100 13 20 32 35 55 45
Physical SCIences ........ccccorcevvesrnnnecunne 100 26 32 25 22 49 46
L0 17 F117 o 27 100 36 37 30 27 34 36
Physics/astronomy.........ccoeevennenene 100 13 25 20 16 67 59
Interdisciplinary, n.e.C......coeeeuuen...... 100 A 85 g 7 g 8
INSTITUTION TYPE
Colleges/universities......................... 100 40 - 45 20 16 41 38
Private.......ocoevceeeeeeeniieees s 100 27 32 21 17 52 50
PubliC ccueeeveeiceeeee et 100 45 51 19 16 36 33
Top 20 in R&D ....ceoeenvevrevvennee. 100 38 44 17 15 45 42
Not in 0P 20......ouereeivveerncniennee. 100 41 46 21 17 38 36
Medical SChOOIS.....ccorevermererceeiereivenn. 100 4] 42 10 10 50 47

IEor the agricultural, biological and environmental sciences, estimates are for 1986 and 1983. In all other fields,
estimates are for 1985 and 1982.

**Unstable estimate: base is less than 500 systems.

SOURCE: National Science Foundation, SRS
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Table B-13.

type: National estimates, 1985-86 and percent change from 1982-83

Aggregate purchase price of in-use research equipment, by source of funds, field, and institution

Source of funds (aggregate purchase price; dollars 1n l-nillionl)3

To“:'t:‘;l Federal Institution State Business/ Oth
Field and repo government funds government donations o
institution sources
type
1985 Pcmn; 1985 Percent} 1985 Percen; 1985 Percen; 1985 Percen; 1985 Percen;
-88 | change -86 | change -86 | change -88 | change -88 | change -86 | change
Total....ccoeerennereneneecerernrnnnne $1,884.2 42% $90%8 ¢ 30% $579.8 4aT%  $114.8 72% $239.2 69%  $44.7 1%
FIELD
360.7 34 136.7 13 106.3 25 28.9 94 80.6 87 8.2 43
319 87 168 16 9.6 70 0.7 i 49 bt 0.1 bt
268 95 89 °** 14.5 11 1.3 bt 22 bt 2.0 bt
107.8 66 40.6 s 280 101 7.0 hid 35.7 187 i1 b
69.1 ) 28.2 4 19.5 34 8.2 b 13.4 52 1.8 o
Metallurgical/materials 410 -7 199 4 10.3 -5 4.7 -28 53 -1 0.8 b
Other, n.ec.................... 845 18 264 34 294 -11 7.0 hid 19.2 45 28 b

Agricultural sciences. ....... 60.3 58 143 78 271 46 12.1 74 5.6 i 1.2 b
Agronomic sciences.. 380 538 80 66 19.5 60 12.1 34 568.0 i 1.2 66
Animal sciences ............. 10.4 14 20 °° 4.2 -11 3.0 oo 1.2 hid o o
Natural resources

managemaent ................ 11.9 178 4.3 o 34 had 2.3 oo 1.8 b 0.2 hid

Biological sciences ............ 605.0 43 20868 43 208.6 49 38.4 93 48.3 53 11.0 3
In medical schools.......... 385 87 1743 41 1096 23 14.4 139 29.0 59 6.3 -8
In colleges/universities .. 2718 62 1244 47 99.0 93 24.0 72 19.3 45 4.7 17

936 74 489 109 215 n 3.1 -42 19.7 61 0.4 b

166.1 47 77.7 45 44.8 53 11.2 s 27.2 39 5.2 b

408 15 26.2 5 10.1 61 0.9 hid 18 b 1.7 i

Physical sciencen............... 5136 30 208.9 18 142.8 43 18.2 156 41.4 42 12.4 84
i 305.1 44 1576 39 98.3 30 14.5 132 27.7 78 9.0 hid
Physics/astronomy ........ 2086 13 141.3 1 46.5 80 3.7 hid 18.7 2 34 -6

Interdisciplinsry. n.ec . ... 44.0 405 48 °° 18.6 b 1.5 hid 145 hid 4.6 hid

INSTITUTION TYPE ...

Colleges/universities......... 15435 43 300 28 465.6 53 99.9 66 2008 70 38.4 as
Private 4683 24 2768 19 98.6 28 1.9 b 793 38 9.9 52
Public 1077.2 53 4534 34 387.1° 61 98.0 66 1300 101 28.85 97
Top 20in R&D..... ....... 540.2 38 2675 28 160.0 38 285 88 76.8 97 9.6 26
Notintop 20................. 10038 46 4624 30 305.7 64 73.4 58 133.0 57 288 118

Maedical schools................. 340.7 38 176.3 41 114.1 27 144 131 295 60 63 -5

YFor the agricultural, biological and environmental sciences, estimates are for 1986 and 1983. In all other

fields, estimates are for 1985 and 1982.
2l’.stimates are adjusted for inflation. For procedure, see Appendix F.

3Table excludes systems for which funding sources wre unavailable. The effect is to underestimate dollar amounts
4-5 percent on average.

*Less than $50,000.

**Unstable estimate: 1982-83 base is less than $4 million.
“TIMCE: National Science Foundation, SRS
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Table B-13a. Aggregate purchase price of in-use research equipment, by source ?f funds, field, and institution
type: National estimates, 1982-83 and 1985-86 (inflation-adjusted)

Source ot funds (aggregate purchase price; doliars in milliom)3
Total, all Federal Institution State Business/ Othe
Field and government funds governmaent industry T
institution
type
1982 198! 1082 1985 1082 190§ 1982 1989 1982 1985 1982 l“i
-83 -86 -83 -88 -83 -86 -83 -86 -83 -86 -83 -86
Total $1260.8 $1789.8 $662.7 $863.4 $376.7 $561.6 $62.0 $106.6 1341 $2269 $26 3 342.2
253.3 3388 1140 120.3 80.0 100.4 13.4 26.0 40.3 75.2 5.6 8.0
22.1 30.1 13§ 1.7 6.4 9.2 1.0 0.6 2.1 4.5 0.1 0.1
13.0 268 28 6.5 7.9 13.6 1.2 13 1.2 21 0.2 2.0
60.7 1006 37.3 384 10.7 21.4 0s 6.4 11.6 334 0s 1.0
49.7 6.3 239 248 14.0 18.7 18 75 8.3 12.6 1.7 1.7
Metallurgical/materials .... 41.1 383 17.9 18.7 10.3 98 5.7 43 48 4.7 2.4 1.0
Other, nec...........couuneenees 66.3 79.2 18.8 25.2 313 27.7 2.9 59 123 17.9 1.0 25
38.9 58.4 8.0 139 17.9 2638 6.7 11.8 3.3 S4 1.0 1.1
24.1 368 4.7 7.7 11.9 19.0 50 66 1.9 2.8 06 1.0
88 100 21 1.9 4. 40 1.1 29 1.0 1.2 0.2 hd
4.1 116 13 4.2 16 3.3 06 2.2 0.4 1.7 0.2 0.2
308.4 586.1 2020 289.3 136.1 202.2 18.9 X 308 47.2 10.6 11.0
297.7 3266 1208 169.8 87.0 107.3 6.8 13.9 e 28.4 6.6 8.2
160.7 260.5 81§ 1196 49.2 4.9 13.1 2268 12.9 188 4.0 4.7
80.2 87.2 219 48.7 11.7 20.0 4.8 28 11.4 18.3 0.4 0.4
106.5 1563 498 72.3 27.7 425 7.7 105 18.9 26.2 2.4 4.8
34.4 30.7 243 26.8 6.1 9.8 26 09 1.2 1.8 0.2 16
373.1 483.7 2399 283.0 93.3 138.7 6.6 16.9 27.1 38.7 6.2 11.4
199.1 2863 106.7 148.7 69.3 90.4 6.8 13.4 148 57 28 8.1
1/4.2 197.3 133.2 1344 24.1 >3 08 35 12.7 12.9 24 3.2
Interdisciplinary, n.ec......... 7.8 398 29 4.3 2.7 167 1.2 13 10 13.1 . 4.0
INSTITUTION TYPE

Colleges/universities............ 1020.1 14570 5404 691.8 287.9 499.7 56.0 927 1161 197.0 19.7 36.0
Private 586.6 4415 2196 2618 7.2 93.4 1.3 19 554 75.1 61 9.3
Public.......cccoevveeeecineennnns 664.4 10154 320.7 429.7 2148 346 5 54.7 0.8 60.7 121.9 188 26.7
Top 20in R&D................. 380.6 5238 2078 259.9 1148 - 1586 138 28.9 370 731 74 9.4
Not intop 20.................... 639.4 933.2 3326 431.6 173.4 284.2 42.2 66.8 790 1289 12.2 26.6
Maedical schools.................... 240.6 3328 1223 171.9 87.7 111.8 60 139 18.0 28.9 6.6 6.2

lFo:' the agricultural, biological and environmental sciences, estimates are for 1986 and 1983. In all other fields,
estimates are for 1985 and 1982,

2Estimates are adjusted for inflztion. For procedure, see Appendix F.

3Table excludes systems for which funding sources were unavailable. The effect is to underestimate dollar amounts
by 4-5 percent on average.

*Less than $50,000.

SOURCE: National Science Foundation, SRS
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Table B-14. Aggregate purchase price of Federally-funded, in-use research equipment, by funding agency,
field, and institution type: National estimates, 1985-86 and percent change from 1982-83

Funding agency (aggregate purchase price; dollars in milliolu)’

Field and NSF NIH DOD DOE USDA All others
institution
type
1986 | Percent | 198§ Pmen; 1986 Pmms 1985 Pmng 1985 Pcmn; 1988 Penen;
-88 {change -88 |change -88 |change -86 |change -86 |change -86 |change

26% 32606 46% 31416 8%  $90.1 % $7.2 9% %9017 ™
1 54 e 59.4 16 169 15 0.1 e 178 21
19 03 e 6.0 1 2.8 b d e 0.8 oo
L 1) L] (1] o‘. L 1) o‘s (1] L] LX) 2.1 (1]
4 0.7 oo 23.1 1 1.6 *e * o 44 -13
-12 0.2 b 15.9 23 1.2 e d b 2.2 i
-3 d -100 7.0 i 39 -27 d e 39 hid
e 4.3 e 6.5 -25 7.0 b 0.1 b 40 oo
e 18 b4 0.2 i 11 hid 38 e 39 oo
(1] o' LX) ol .0 0‘9 (1] z‘z (1] l' L 1)
LX) l‘o LX) L d L 1) L] [ 1) o 6 LX) ‘. 1)
LX) L] [ 2] ] (1] o‘z (1] o" (1] z-l (1]
39 226.5 44 6.7 oo 44 e 3.0 .o 7.3 3
68 147.9 41 2.0 i 2.0 oo 0.2 b 34 i
26 78.6 51 4.7 had 2.5 b 2.8 e 39 -7
lz’ l-o LX) 19‘. ” o 5 L 2] L] (1] (1]
7 05 ot 10.2 4“ 15.0 70 0.2 b . 11
33 d b 29 -49 3.7 .o hd b 11 had
13 332 58 423 25 46.0 31 03 e 3ss -3
22 321 64 148 54 171 186 03 i 79 8
1 1.1 hid 27§ 13 289 0 d hid 30.4 -6
Interdisciplinary, n.ec ........ 11 b 11 oo 01 4 24 b . oe 01 b

INSTITUTION TYPE

Colleges/universities..... ...... 2873 24 1196 §4 139.6 28 881 39 71 40 883 [}
Private....... ... .cccceee ... 117.7 14 48.7 so 640 16 16.6 24 [ X hid 291 8
Public...... ... .. .. 169.6 32 709 56 756 41 715 43 66 39 59.2 H
Top20inR&D............ ... 115§ 28 438 42 53.3 29 276 25 486 i 22.7 -16
Notintop20..... ... ... ...... 171.8 21 758 62 863 . 27 608 47 24 hid 65.6 17
Medical schools.. . ............... 18.8 64 1500 40 20 b 20 e 02 had 34 hhd

IFor the agricultural, biological and environmental sciences, estimates are for 1986 and 1983. In all other fields,

estimates are for 1985 and 1982.

2Estimates are adjusted for inflation. For procedures, see Appendix F.

3Table excludes systems for which funding sources were unavaijlable. The effect is to underestimate dollar amounts

by 4-5 percent on average.
*Less than $50,000.

**Unstable estimate: 1982-83 base is less than $4 million.

SOURCE: National Science Foundaticn, SRS 1 P
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Table B-14a. Aggregate purchase price of Federally-funded in-use research equipment, by funding agency, field,
and institution type: National estimates, 1982-83 and 1985-86 (inflation-adjusted)

Funding agency aggregate purchase price (doilars 1n milliom)3

Field and NSF NIH DoD DOE U3SDA All others
type
1982 195; 1982 l”; 1982 lﬂli 1982 198§ 1982 198§ 1982 l%i
-83 -86 -83 -86 -83 -868 -83 -86 -83 -88 -83 -86

$2028 $178.1 $2599 $1042 $133.5 $62.1 $84.1 $5.1 $7.1 $80.6 $85.9

359 2.9 52 48.4 $6.1 13.8 15.9 03 0.1 13.2 16.0

6.7 0.2 0.3 $S 58 1.2 2.4 * e 0.9 0.7

34 * * 0.1 0s 0.4 08 * * 03 18

10.§ 1.2 0.7 19.6 216 1.7 1.5 * e 4.7 4.1

6.2 * 0.2 12.4 15.2 3.0 1.2 e e 15 21

49 * * 24 6.7 5.0 36 * e 31 35

4.2 15 4.1 8.4 63 25 6.7 03 0.1 26 38

37 13 18 e 0.2 03 1.0 28 35 1.9 38

2.2 06 28 . 0.1 0.2 0.8 17 21 13 1.7

0.3 0.8 1.0 e b e * 09 06 02 *

1.2 * * . . . 0.2 02 0.8 04 2.0

439 152.8 2198 2.1 6.1 3.3 4.3 19 29 8.9 71

18.3 102.6 144.2 1.2 18 2.7 1.9 02 02 28 34

30.6 499 75.6 1.0 43 0.7 24 1.7 28 4.1 38

24.1 0.3 1.0 9.4 18.6 03 0.5 * * 1.1 1.5

28.2 0.6 04 6.6 9.5 8.1 13.8 * 0.2 18.1 20.2

180 0.7 . S4 28 34 3.7 * * 13 1.1

Physical sciences.................. 1180 129 195 30.7 32.2 40.2 329 429 01 03 372 36.0

Chemistry ............ccoeeueeenns 67.0 81.7 18.1 296 9.1 14.0 54 155 01 0s 7.0 7.6

Phyvics/astronomy ........... 610 51.3 1.4 1.1 31 26.2 275 27.4 e * 302 28.4

Interdisciplinary, n.ec......... 1.6 1.1 08 0.9 . 0.1 . 20 . . (] ] 0.1
INSTITUT.. N TYPE

Colleges/universities............ 2218 2746 739 1136 1030 131.8 59.2 82.1 49 69 778 826

Private......ccoccveimmnninnennan. 982 1118 31.2 467 52.4 66.6 128 15.8 03 0S5 251 271

Public.......ccoevereeiiiecceeas 1283 163.1 428 66.9 50.6 71.2 46.7 68.6 48 64 527 58.5

Top20in R&D................. 880 1126 209 425 39.7 512 218 269 25 45 263 222

Notintop 20................... 1336 1619 440 712 3.3 80.5 37.7 55.3 24 2.4 51.5 60.4

Medical schools.................... 1.2 18.3 104.1 1468 12 1.8 28 20 02 02 28 34

IFor the agricultural, biotagical and environmental sciences, estimates are for 1986 and 1983. In all other fields,
estimates are for 1985 and 1982.

zEstimate is adjuv .d for inflation. For procedure, see Appendix F.

3Table excludes systems for which funding sources were unavailable. The effect is to underestimate dollar amounts
by 4-5 percent on average.

*Less than $50,000.
SOURCE: National Science Foundation, SRS
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Table B-15. Trends in the mean doilar amount of in-use research equipment per insfitution, by source of
funds, field, and institution type: Na:ional estimates, 1982-87 and 1985-26

Mean purchase price per institution {dolliars in thounnd-)’
Federal sources Non-Federal sources
Field and
institution
type 1985-868 1985-88
1982 Percens 1982 Perce
-83 Unadjusted | Adjusted?> | change -83 Unsdjusted | Adjusted? | chanse
$2,683 $3,407 $3,386 26% $2,421 $3,676 $3,633 50%

735 788 793 8 890 1,287 1,288 43

87 26 26 1 55 87 88 81

16 40 40 had 68 115 117 4]

241 234 235 -2 151 38s 3182 153

154 151 152 -1 167 247 248 49

Metallurgical/materials ... 118 114 115 -1 149 121 120 -20
Other, neec....................... 122 151 154 27 310 334 331 7
Agricultural sciences.... 52 82 85 5 187 264 273 40
Agronomic scisnces 0 46 48 i 125 172 178 43

i 14 11 12 had 43 49 50 b

8 25 26 oo 19 44 45 b

818 1,123 1,134 39 795 1,152 1,184 46

[ 1,309 1,804 1,846 41 1274 1,731 1,694 33

In colleges/universities ..... 526 715 733 39 511 846 865 69
Compater scienca................. 141 281 281 9 182 257 255 40
Environmental sciences........ 321 447 444 3 3668 508 515 41
Materiais scienca.................. 157 151 157 0 65 84 86 33
Physical sciences.................. 1,548 1,718 1,738 12 860 1,234 1,231 43
Chemistry ......................... 689 208 912 32 595 847 845 42
Physics/astronomy ........... 859 812 824 -4 264 386 386 46
Interdisciplirary, n.ec......... 19 28 26 oo 32 225 216 i

INSTITU"ION TYPE

Colleges/tiniveruities............. 3,488 4,195 4,243 22 3,094 4,676 4,696 52
Private 4,306 4,939 5,134 19 2,665 3,388 3,524 32
Public........cuornnrennene. 3,084 3,842 3,837 ) 24 3,305 5,287 5,230 58
Top20in R&D................. 10,391 13,377 12,905 25 8,642 13,634 13,193 [ 1]
Notintop20.................... 2463 3,003 3,018 23 2,272 3,512 3,507 54
Medical schools. ................... 1,329 1,917 1,868 42 1,287 1,786 1,749 38

ll-‘or the agricultural, biological and environmental sciences, estimates are for 1986 and 1983. In ali
other fields, estimates are for 1985 and 1982,

2£stimates are adjusted for inflation. For procedure, see Appendix F.

3Table excludes systems for which funding sources were unavailable. The effect is to underestimate dollar amount
by 4-5 percent on average.

*®Unstable estimate: 1982-83 base is less than $50,000 per institution per source.
5OURCE: National Science Foundation, SRS B-26
ERIC 1iJ
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Table B-16. Age distribution of irl—use research equipment, by field and institution type: National estimates,
1982-83 and 1985-86

System age (percent of in-use systems)
. Under 3 3-5 6-8 Over 8
. Field and years years years years
mstitution type Total
1982 1985 1982 1985 1982 1985 1982 1985
-83 -86 -83 -86 -83 -86 -83 -86
TOAL..c..eiceeeeeeeccrnnenneesrnenecicneeee e snene 100% 35% 37% 27% 26% 13% 17% 25% 20%
FIELD
ENgineering .......ccocoevvevvccerivsrueinens 100 41 44 26 27 9 15 24 13
ChemiCal......ccceverremirvrernnrenresconreenens 100 46 43 32 24 6 22 17 11
CVileueeeeoeeeeicivvere e et evsersrns o 100 ** 44 b 20 " 11 hd 25
ELeCtriCal..ce.ceeruennrinneonseeccionninnnieiones 100 55 54 29 31 5 8 12 8
Mechanical......cceevvcereemeenieeiioninnennnes 100 37 36 27 33 7 16 30 15
Metallurgical/materials................... 100 42 28 29 34 7 22 22 16
Other, N.L.C. .ccceveerrieeceenccnrrororonriens 100 30 50 21 19 17 20 32 11
Agricultural sciences..........coeeeerveenne 100 36 29 32 31 15 21 18 19
AZronomic SCIENCES....ee.ecuvrerereerne 100 35 29 31 32 15 20 18 18
ANimal SCIeNnCes ......ccevruererecsacrsssnnne 100 ** 27 * 30 *® %)) * 21
Natural resources management...... 100 i b i b . b bt bt
Biological SCIEncCes........cce.ecvreriorene 100 31 31 27 26 16 19 26 25
In medical SChOOIS ..cc.cueereecervrencnn 100 30 33 27 24 17 18 26 25
In colleges/universities................... 100 33 29 27 28 14 19 26 24
Computer science............cccconevveuenen 100 77 75 17 22 4 2 1 1
Environmental sciences........co.ccoenn... 100 33 39 33 29 15 18 19 14
Materials SCIENCe ........covrvrveereeerrernnens 100 26 23 13 21 11 10 50 47
Physical SCIENCes .......c.cccceveeevervuernenne 10v 32 38 27 24 11 17 29 20
CREMUSETY .eoeeeeeerrreennecerecaeecooeiinnons 100 34 36 30 26 13 19 23 19
Physics/astronomy...........cocecevieene 100 30 42 24 22 10 14 36 22
Interdisciplinary, n.e.C.....coooemecruinnene 100 b 33 " 17 b 15 b 35
INSTITUTION TYPE
Colleges/universities .............ccceeveueens 100 36 38 27 26 12 16 25 19
Private ......ooveeeeiiceierereeeerenereeeennes 100 40 39 25 29 11 15 24 17
PUDLIC covceiec et e 100 34 38 28 25 13 17 25 20
Top 20 in R&D ..o, 100 35 40 28 25 13 16 24 19
Not in top 20........ccvveevverieienennns 100 37 37 27 27 11 17 25 19
Medical schools.........cccceerivnerinennnes 100 30 33 27 24 17 18 26 25

IEor the agricultural, biological and environmental sciences, estimates are for 1986 and 1983. In all other
fields, estimates are for 1985 and 1982.

*$Unstable estimate: base is less than 50" systems.

SOURCE: National Science Foundation, SRS
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Table B-17. Condition of in-use rfsearch equipment, by field and institution type:. National estimates,
1982-83 and 1985-86

General working conditicn
(percent of systems)

Field and Excellent Average
institution type

1982 1985 1982 1985
-83 -86 -83 -86

52% 55% 38% 38%

Engineering
Chemical

Metallurgical/materials
Other, n.e.c.

Agricultural sciences
Agronomic sciences
Animal sciences

INSTITUTION TYPE
Collegas/universities 100 52 55 38 33 10

Private 100 54 52 35 41 10
Public 100 51 56 39 37 10

Top 20 in R&D 100 51 55 38 38 11
Not in top 20 100 52 55 38 39 10

100 52 57 39 36 10

lFor the agricultural, biological and environmental sciences, estimates are for 1986 and 1983.
other fields, estimates are for 1985 and 1982,

*#Unstable estimate: base is less than 500 systems.
SOURCE: National Science Foundation, SRS
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Table B-18. Percent of in-use research equipment in excellent working conflition, by system age, field,
and institution type: National estimates, 1982-83 and 1985-86
Svstem age (per.eni of systems in excellent condition)
Under 3 3-5 6-8 Over 8
Field and Total years years years years
institution type
1982 | 1985 | 1982 | 1985 | 1982 | 1985 | 1982 | 1985 | 1982 | 1985
-83 | -8 | -83 | -86 | -83 | -86 | -83 -86 %3 | -86
Total........cvoeeeeeecce e, 52% 55% 74% 72% 56% S58% 36% 44% 27% 31%
FIELD
Engineering ......cccceceocevvrveenne. 51 55 72 69 52 53 27 40 23 28
Chemical.......... ccoveerevrvrrnneenns 39 52 56 72 27 50 10 29 25 26
[0 117 | OSSR ** 54 * 77 > 31 ** 65 * 29
Electrical...ccccccovcviecenreennrennnnn. 54 54 72 61 44 55 8 27 16 32
Mechanical.......cccceeccveieiennnans 54 56 79 64 51 62 45 43 28 36
Metallurgical/materials......... 55 49 77 67 67 47 30 45 5 26
Other, N..C..ovcrvvrrerererrnen. o 52 58 77 79 69 52 26 39 32 14
Agricultural sciences............... 56 54 76 77 56 64 28 32 41 27
Agronomic sciences.............. 59 56 79 75 62 65 26 39 43 28
Animal SCIENCES ......v..evreecunnnn ** 53 ** 81 ** 69 ** 24 ** 24
Natural resources..........cc......
management ....................... ** e e b e e b e * s
Biological sciences................ . 53 56 78 78 59 60 38 45 26 32
In medical schools................ 51 57 77 76 57 64 33 48 28 31
In colleges/universities........ 55 54 78 79 61 57 45 41 24 32
Computer science..........c..ce..... 56 45 57 47 62 41 36 34 * 21
Environmental sciences........... 50 67 67 80 46 70 36 51 39 44
Materials science........c.covee..... 32 40 77 76 39 61 13 25 11 16
Physical sciences ............c..c..... 52 54 74 73 55 53 41 44 29 26
Chemistry.......coceeeeeierrcrveenees 51 53 73 71 52 56 40 38 24 30
Physics/astronomy ................ 53 54 74 75 60 48 44 55 33 21
Interdisciplinary, n.e.c............ ** 71 bt 62 b 86 * 73 * 70
INSTITUTION TYPE
Colleges/universities................ 52 55 73 71 55 57 37 43 27 31
¥ Private.......cccoceevecvveevennnnennn. . 54 52 75 70 54 51 36 42 29 23
PUbIIC ......covevvvvrreneereeene. 51 56 71 71 56 59 38 43 25 34
Top 20 in R&D..................... 51 55 73 70 50 €0 38 37 27 33
Not in top 20.... ..coevvveenens 53 55 72 72 58 55 37 45 26 30
Medical schools........................ 52 57 78 76 57 63 33 48 28 31

lI-‘or the agricultural, biological and environmental sciences, estimates are for 1986 and 1983.
In all other fields, estimates are for 1985 and 1982.

*Less than 0.5%.

**Unstable estimate: base is less than 500 systems.
SOURCE: National Science Foundation, SRS
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Table B-19. Percent of in-use research equipment in excellent working condition, by system
research status, field, and institution type: National estimates, 1982-83 and 1985-86!

System research status (percent of systems
in excellent condition)

Total State-of -the- Other in-
Field and art systems use systems
institution type
1982 1985 1982 1985 1982 1985
-83 -86 -83 -86 -83 -86
TOtAl...coerereeieeeccrerereceeeseeereersesanrans 52% 55% 84% 84% 43% 46%
FIELD
Engineering.......ccccceeveemuvenveneueuesvrnnnes 51 54 85 81 40 45
Chemical.........eveveeeveenearveeeenrannns 39 52 77 78 29 44
CiVil..oeeeeeeeeeeeeeereireeeetereseenns > 54 * o ** 47
Electrical .......c.coveuereeeerenreeeenreennne 54 54 92 82 41 15
Mechanical ......ccceeeveeeuneeuvreervennnnnnn. 53 55 82 85 43 42
Metallurgical/materials................... 55 49 8" 66 48 43
Other, N.e.Couuerreerreereeeereereesrsrenrnans 52 58 83 91 38 50
Agricultural sciences......................... 56 54 81 88 47 44
Agronomic sciences......................... 59 56 82 91 50 45
Animal SCiences .........cccoueeuverveennnne. bt 53 ** 83 ** 4]
Natural resources management...... ** ** ** ** = *
Biological sciences..............ccoenn.n....... 53 56 86 85 44 46
In medical schoots......................... .52 57 83 88 43 47
In colleges/universities................... 55 54 90 81 44 46
Computer science..........oeeuveuennnnen... 56 45 89 75 47 38
Environmental sciences . .................. 50 67 82 87 40 59
Materials science...........oeeueeeennnnnenn. 32 40 74 83 23 31
Physical sciences...........ccceeveerurvevennnn. 52 54 84 84 44 44
Chemistry ......ccceoeveeveeevereesversrernnns 51 53 87 86 43 43
Physics/astronomy .......................... 53 54 81 81 45 45
Interdisciplinary, n.e.c...................... 47 71 44 80 49 61
INSTITUTION TYPE
Colleges/universities.......................... 52 55 85 82 42 26
Private .......covvevvevvevens e e 54 52 84 81 44 4]
Public...ccovvevieeees et e 51 56 85 83 42 47
Top 20 in R&D.cueveeroeveeeeeeeennn, 51 35 82 8z 44 47
Not in tOp 20 ...ceeeveeercerrereeerenenne. 52 55 86 83 42 45
Mcdical schools ..........couuervevveunnnnnnn. 52 57 83 89 44 46
lFor the agricultural, biological and environmental sciences, estimates are for 1986 and
1983. In all other rields, estimates are for 1985 and 1982.
**Unstable estimate: base is less than 500 systems
l SOURCE: National Science Foundation, SRS L
o B-30 17y
ERIC




Table B-20. Percent of in-usc ystems that are the most advanced accessible to their users, by
system rfsearch status, field, and institution type. National estimates, 1982-83 and

1985-86
System research status (percent of
systems that are the most
advanced accessible to their users)
. }fielc_i and State-of -the- Other in-
institution typ2 Total art systems use systems
l
1982 1985 1982 | 1985 1982 1985
-83 -86 -83 -86 -83 -86

{017 SOt 58% 52% 97% 93% 46% 38%
FIELD
Engineering.......cccceeeevicrirnnirerenrenrecens 61 56 96 97 50 43

Chemical.......cccovreeiereeccrrresreererseenns 58 62 96 97 48 50

(05177 1 TR POO ** 55 e 90 ** 43

Electrical........covceeeirumrereceenieveneioneens 54 52 93 98 4] 38

Mechanical........coovvvrieeeeniversessonneens 62 56 94 96 50 40

Metallurgical/materials................... 63 56 98 98 56 42

Other, N.€.C...ceevvvereerrrrecccriieeceeenissas 69 60 98 99 56 49
Agricultural sciences........ccceeecennrene 66 55 94 95 56 43

AZronomic SCiences..........ceesvirernes 67 53 97 96 56 39

Animal SCiences.........ceeeievervmnnene. ** 63 ** 92 ** 51

Natural resources management...... b . ** ** . b
Biological sciences...........cccceevurinanene 55 50 97 92 43 36

In medical schools..........cccoeveeereeenns 54 49 98 91 42 35

In colleges/universities................... 56 51 97 92 44 37
Computer SCIeNCe .......c.ceervrreereernreeses 61 44 99 87 50 33
Environmental sciences.................... 60 51 98 88 47 37
Materials SCIENCE.......ccceereerrerererrvrenees 46 4] 100 99 35 28
Physical sciences.......cccccorerrerenrarnanae 58 53 97 94 49 40

ChemMISITY v.cccvvevreernenrieccneriessnnassones 61 55 98 96 52 43

Physics/astronomy...........ceeeeeerisenes 56 49 96 92 45 35
Interdisciplinary, n.e.C. .....cceeverrreune it 65 g 97 * 31
INSTITUTION TYPE
Colleges/universities...........coeeruinienne 59 53 97 94 48 39

PriVate...ccovcueeeeirererrerererensvesinneersnnenns 60 54 97 94 48 38

| V1) | 1< Z R 58 52 9¢ 94 48 39

Top 20 in R&D.....cuvevriricrerreee 54 51 95 95 44 37

NoOt in tOP 20....eucveercerrrrneeeecsrenenns 61 54 97 93 50 40
Medical schools.......ccceerveeeeeeernnrennns 54 49 98 91 42 35

lI-'o:- the agricultural, biological and environmental sciences, estimates are for 1986 and 1983.
In all other fields, estimates are for 1985 and 1982.

“$Unstable estimate: base is less than 500 systems.

O JOURCE: National Science Foundation, SRS B-31
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Table B-21. Location of in-use research equ
estimates, 1982-83 and 1985-C5

ipment, by research field and institution type: National

Location (percent of systems)

Within-
department lab Departmant- Non- National
of individual manageu departmental or regional
Field and Total principal common lab inetallation lab Other
institution type investigator
1982 1985 1982 1985 1982 1985 1982 1985 1982 1985
-83 -86 -83 -86 -83 -86 -83 -86 -83 -86
Total....oeeieer e 100% 59% 56% 32% 31% 6% 8% 1% 4% 1% 1%
FIELD
Engineering ..........cccceeeeeen crveenne 100 50 49 40 36 6 10 1 3 3 1
Chemical 100 74 76 22 24 2 . . . 2 *
Civil 100 i 3 e 50 b 8 hid 7 b 1
Electrical ........cccooveveunnenvnnens 100 87 50 21 36 9 9 2 2 1 3
Mechanical .. 100 43 49 44 43 10 6 1 2 2 .
Matallurgical/materials .......... 100 1 35 31 31 7 32 1 2 6 1
Other, n.e.c......ococeveveneeenenennn.. 100 30 50 62 34 4 7 . 7 5 1
Agricultural sciences................. 100 4 56 31 37 4 5 1 1 1 1
Agronomic sciences... 100 64 57 25 34 3 7 1 2 2 .
Animal sciences ........ 100 b 62 b 33 hd 2 b . hd
Natural resources mgmt.......... 100 . i b . . o b b b oo
Biological sciences. ..................... 100 64 61 31 30 4 b 1 3 . 1
In medical schools................... 100 64 61 32 30 4 4 1 4 . 1
In colleges/universities ........... 100 65 62 30 30 4 [ 1 2 . 1
Computer science.... .................. 100 29 37 1] 53 14 8 . 3 1 2
Environmental sciences.............. 100 52 51 28 28 13 5 3 9 4 8
Materials science ....................... 100 19 23 27 29 48 43 6 4 . 2
Thysical sci 100 11 64 24 25 6 4 2 6 2 *
Chemietry......... . 100 62 83 30 29 4 5 2 3 1 .
Physics/astronomy ................. 100 69 66 17 21 9 4 3 9 3 ¢
Interdisciplinary, n.ec............... 100 b [ .. 7 .e T4 . 13 .. .
INSTITUTION TYPE
100 58 55 32 31 7 9 2 4 2 1
100 60 1] 27 25 9 5 2 4 1 1
100 56 51 34 .33 8 10 1 4 2 1
Top 20 in R&D 100 58 54 29 32 10 9 2 4 2 1
Not in top 20... 100 57 56 33 30 [] 8 1 4 2 1
Medical schools 100 64 61 32 30 4 4 1 4 . 1
IFor the agricultural, biological and environmental sciences, estimates are for 1986 and 1983. In all

other fields, estimates are for 1985 and 1982.

*Less than 0.5%.

**Unstable estimate: base is less than 500 systems.

SOURCE: National Science Foundation, SRS




Table B-22. Percent of in-use research equipment in shared-access locations, by system Iesearch
status, field, and institution type: National estimates, 1982-83 and 1985-86

System research status (percent of systems
in shared-access locations)

State-of -the-

Field and Total art systems

institution type

Other in-use systems

1982 1985 1982 1985 1982 1985
-83 -86 -83 -86 -83 -86
TOMA] eeeveeeeeeeeeeierrreenenresrenssanessns sanens 41% 44% 38% 43% 42% 44%
FIELD
ENGINeering.........ccceeevvevveeeerieernneanss 50 51 50 47 50 52
Chemical.......cooeeeeeeeeerrcvrvnussseasacas 26 24 29 23 25 24
00177 | S UR > 65 e 50 ** 71
Electrical...cccoovueeeiesrocereeneeeicrorannencans 33 50 24 44 36 51
Mechanical..........ccceeecevuevverressssonnnes 57 51 43 48 61 52
Metallurgical/ materials.................. 45 65 35 72 47 63
Other, N.E.Coueuerrervrererecirrresseessasessnns 70 50 86 48 64 50
Agricultural sciences.........ccceeeceruae 36 45 31 55 38 41
AGronomic SCieNnces..........ceeereeeneres 31 43 28 59 32 38
ANImal SCIENCES.....cccrvrereveresererrneees hd 38 *» 49 i 33
Natural resources management...... i A i i i i
Biological SCIErces .....cceceereruvencrieranes 36 39 32 36 36 39
In medical sChools.......ceeeeeeerecennnne. 36 39 35 37 37 40
In colleges/universities .........ccceuen.s 35 38 29 35 36 39
Computer SCIENCE ..ccevveerrueenerassamseenns 80 64 73 67 83 63
Environmental sciences.................... 48 49 46 53 49 48
Materials SCIENCe.....cccrrvuverreerreerananee 81 7" 73 84 83 76
Physical SCiences.......cccccceecrunrrserscenees 35 36 27 31 36 37
ChemiStIY ....ccvecvverrerererrerserneensennanees 38 37 31 30 39 39
Physics/astronomy.............cceveeerenns 31 34 22 33 33 35
Interdisciplinary, n.e.c. .c.ccccceervenuces hd 94 * 96 hd 92
INSTITUTION TYPE
Colleges/universities.... .....cccceecvenneees 42 45 39 45 44 45
2 § % ¥ (T 40 35 37 33 41 36
| :2710) £~ 44 49 40 50 45 48
Top 20 in R&D....ccovevmeecrenerenene 42 46 39 50 43 45
Not in top 20.........ccoeevrvereveererenens 43 44 39 42 44 45
Medical schools.........cccceeeeeeeeeencecenenn. 36 39 35 37 36 40

lFOr the agricultural, biological and environmental sciencas, estimates are for 1986 and 1983. In all
other fields, estimates are for 1985 and 1982.

2Shan',cl-access locations are locations other than within-department laboratories of principal
investigators.

*#Unstable estimate: base less than 500 systems.
'El{[lC)URCE: National Science Foundation, SRS B-33 1¢

IToxt Provided by ERI




Table B-23. Percent of in-use research equipment in shared-access locations, by iystem purchase price,
field, and institution type: National estimates, 1982-83 and 1985-86
System purchase price (percent of 2systems
in shared-access locations)
. $10,000- $25,000- $75,000-
. Field and Total $24,999 $74,999 $999,999
institution type
1982 1985 1982 1985 1982 1985 1982 1985
-83 -86 -83 -86 -83 -86 -83 -86
TOtAl...cooeeeeereeeeeeeeeetrnans 41% 44% 36% 39% 44% 46% 60% 66%
FIELD
Engineering.............ccceeeuvvuvenvennnnnn. 50 51 48 49 50 50 60 62
Chemical...........coereveceeeeerenvennnn. 26 24 26 22 23 25 33 33
GVl eeeeeeeevevenenas hid 66 b 65 * 64 * 73
Electrical........cccvceevevcrvveersreennnann. 33 50 30 46 31 48 55 73
Mechanical...............cccureeureuun........ 57 51 56 46 60 54 46 62
Metallurgical/materials .................. 45 65 37 66 48 65 74 59
Other, n.e.C..oeeuvvveevvevrveerveenenn. 70 50 69 50 73 47 73 58
Agricultural sciences ....................... 36 44 37 44 34 44 54 59
Agronomic sciences........................ 31 43 30 42 30 43 55 51
Animal sciences................ou............ ** 38 * 36 * 41 * 100
Natural resources management...... * * * * * * hid '
Biological sciences............................. 36 39 32 35 40 4] 64 71
In medical schooits.......................... 36 39 32 35 4] 43 61 68
In colleges/universities................... 35 38 31 34 38 40 70 74
Computer science............................. 80 63 87 63 68 56 90 89
Environmental sciences.................... 48 49 42 47 54 50 55 55
Materials sciences ............................. 81 77 80 67 82 81 82 95
Physical sciences..............ccouenen..... 35 36 27 29 38 37 54 61
Chemistry.......ceevveeeeeeeeeeereererennnn, 38 37 29 29 40 38 66 66
Physics/astronomy.......................... 31 34 25 30 36 35 38 53
Interdisciplinary, n.e.c...................... ** 94 ** 92 * 96 hid 99
INSTITUTION TYPE
Colleges/universities......................... 42 45 38 4] 45 46 60 66
Private..........oovevvveeeveeereeereerenn. 40 35 36 31 39 34 60 56
PUDBIC ..t 44 49 39 44 48 52 60 71
Top 20 in R&D..........ucuuuee....... 42 46 38 4] 43 49 63 69
Not in top 20.......cccoouveveeeveeernnn. 43 44 38 40 46 45 58 65
Medical schoots................................. 36 39 32 36 41 43 60 67
lFor the agricultural, biological and environmental sciences, estimates are for 1986 and 1983. In all
other fields, estimates are for 1985 and 1982.
2Shared-access locations are locations other than within-department laboratories of principal investigators.
**Unstable estimate: base is less than 500 systems.
SOURCE: National Science Foundation, SRS




Table B-24. Function of in-use research equfpment, by research field and institution type: National
estimates, 1982-83 and 1985-86

System function (percent of systems)
Field and 2
institution type Total Dedicated General purpose
1982-83 | 1985-86 | 1982-83 1985-86
TOAL.eeeeereeeveevrerrareisnraenes crveessasrsasens 100% 27% 31% 73% 69%
FIELD
Engineering .........cccceevverueceereeecrnnnens 160 37 41 63 59
CRemiCal .. ..coveeeeveeirrennrirereecves oo 100 52 53 48 47
CiVilooueioeecereniieccnrnnenneneieseesseneasees 100 * 25 > 75
Electrical.........eueeeevveeceveeenennenenens 100 44 37 56 63
Mechanical............c.ccoevueenrvenervnnennns 100 44 40 56 69
Metallurgical/materials .................. 100 31 52 69 48
Other, N.E.C ..ovvveevrirrrieenerreereennens 100 27 45 73 55
Agricultural sciences ...........cccceereenee. 100 24 23 76 77
AGronomic SCIeNCes..........c.covvvvveenne 100 25 23 75 77
ANIMAal SCIENCES ........covverreerererervens 100 se 11 * 89
Natural resources management...... 100 . . . »*
Biological SCIENCES .........cevvevvvrenenns 100 17 19 83 81
In medical schools..........ccccoueunne. 100 19 22 81 78
In colleges/universities................... 100 14 15 86 85
Computer science...........ccceevveeeernnennee 100 17 28 83 72
Environmental sciences.................... 100 33 42 67 58
Materials science............ccccevveeevennen. 100 21 23 79 77
Physical sCiences...........cccovvvervvenrenrees 100 39 42 61 58
ChReMiStrY....coceveeneerrerrereecreenensens 100 31 35 69 65
Physics/astronomy.........ccceeeervenneen. 100 48 51 52 49
Interdisciplinary, n.e.C.....cccecveerennen. 100 ** 48 ** 52
INSTITUTION TYPE
Colleges/universitics......................... 100 30 33 70 67
Private.........cccovvvevivivnerrenvenecsrereens 100 33 36 67 64
PUDLIC ...cooevierricrecircresenereesamenens 100 29 32 71 68
Top 20 in R&D.........ccoevveveervennen. 100 31 31 69 69
Not in top 20......coevmvrerirenreirrneenns 100 29 34 71 66
Medical schools..........ccccevveeeveervvenns 100 19 22 81 78

IFor the agricultural, biological and environmental sciences, estimates are for 1986 and 1983. In all
other fields, estimates are for 1985 and 1982.

2Dedicated for use in a specific experiment, or series of experiments.
**Unstable estimate: base is less than 500 systems.

SOURCE: National Science Foundation, SRS .
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Table B-25. Types of users of in-
1982-83 and 1985-86

rse research equipment, by field and institution type: National estimates,

Percent of systems used by'2

Graduate
Faculty, Researchens
Field and this '":i;m: ::f“ from other };”:n"ct::? Nonacademie
imti::non type department/ C':i’: de::rtc:mm/ departments 05 ur:iover:uiel researchers
instalistion inscallation this university
1982 1985 1982 1986 1982 1985 1982 1985 1982 1985
-83 -86 -83 -86 -83 -86 -83 -86 -83 -86
TOtal.....cceenrteiets aeesiessenes 92% 0% 84% 82% 34% 30% 12% 1% 12% 12%
FIELD
ENgineering ............coveevveereverercernen 90 85 80 78 28 27 7 7 11 9
Chemical 78 4 79 26 26 19 5 2 2 1
civil L] “ % 71 [ 1) 17 . 5 (1] 7
89 85 90 73 40 27 15 8 7 8
96 a8 94 88 23 22 3 5 7 17
92 33 83 76 30 36 7 4 (] 3
92 85 87 76 22 37 7 15 28 13
o4 926 84 84 46 36 (] 10 7
95 926 81 84 “ 38 8 11
. LX) 97 L] 85 *e ‘o . 2 *e 2
Natural resources management..... (1} (1] ') (1} se ' ' o e e
Biological sciences ........................... 95 93 86 84 36 35 9 10 13 12
In medical schools.... 95 94 84 84 38 37 9 12 13 12
In colleges/universities ................. 98 92 87 84 34 34 9 8 13 12
Computer science....................... ..... 90 38 90 80 54 31 10 3 9 8
Environmental sciences. 92 95 81 74 29 23 31 21 18 12
Materials 84 81 66 76 57 43 8 7 13 9
Physical sciences.............................. 89 87 89 86 28 24 19 17 9 12
Chemustry.................couuu....... 88 83 91 86 30 27 20 13 10 9
Physics/astronomy . 91 92 86 85 26 20 17 23 8 16
Interdisciplinary, n.ec..................... oo 77 i 55 hid 23 b 7 i 60
INSTITUTION TYPE
91 89 85 81 32 28 13 11 11 12
90 86 86 82 31 28 16 14 10 10
91 89 84 81 33 29 12 10 12 13
Top 20 in R&D..........c.uu. e, 87 87 87 86 36 30 12 11 13 10
Notn top 20.... 93 89 83 79 30 27 13 11 10 13
Medical s200048... .........oeeeennnnnn. o8 94 84 84 38 37 10 12 13 12

lFor “he agricultural, biological and environment

fields, estir:ates aie for 1925 and 1982.

al sciences, estimates are for 1986 and 1983. In all other

2Fn:ries indicate percent of active research instrument systems used for research by at least one person in

the category specified. More than one category may apply for a given system.

3Emries include faculty, post-doctorate, and graduate/medical student users.

*®Unstable estimate: base is less than 500 systems.

SOURCE: National Science Foundation, SRS
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Tabie B-25a. Types of users of in-use researc
estimates, 1982-83 and 1985-86

‘1 equipment, by system purchase price znd research status: National

Percent of systems used by'2
Faculty, Graduate Researchers
Sv‘ltcm purchase this students und from other Researchers Nonacademic
price and system department/ p?ot-dutonm departments of frf:m o.tl.ur resenrchers
research status installation this department/ this university universities
installation
1982 1985 1982 1985 1982 1985 10382 1985 1982 1985
-88 -86 -83 -86 -83 -86 -83 -86 -83 -86
Total, selocted fields ..................... 92% 0% 84% 2% 34% 30% 12% nu% 12% 12%
PURCHASE PRICE
$10,000 - $24,999 ...................... 91 20 85 82 31 26 8 8 9 10
$25,000 - $74,999 ...................... 92 ] 33 81 35 3s 15 13 13 14
$75,000 - $999.999..................... 95 92 87 85 49 48 31 29 22 20
RESEARCH STATUS
State-of-the-arl systems.......... o4 92 82 83 30 28 15 15 15 14
Othersystems................cccceeueeneee 91 89 8k 82 35 31 12 10 11 11

IEor the agricultural, biological and environmental sciences, estimates are for 1986 and 1983. In all other
fields, estimates are for 1985 and 1982.

2Entries indicate percent of active research instrument systems used for research by at least one person in
the category specified. More than one category may apply for a given system.

3Entries include faculty, post-doctorate, and graduate/medical student users.

SOURCE: National Science Foundation, SRS
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Table B-26. Mean annual number of users per system for in-use research equipmfnt, by system, function,
field, and institution type: National estimates, 1982-83 and 1985-86
System function (mean annual number
of users per system)
Field and Total General purpose Dedicated?
institution type
1982 1985 1982 1985 1982 i985
-83 -86 -83 -86 -83 -86
TOtaAl...oeeeeeeeeeeeeieeeeveceiiiieeeeeeeeeeee. 139 142 16.1 17.0 8.2 7.9
FIELD
ENGINEErING.......eooeeeeceeeneeeeeeeeevnns 13.0 14.0 149 18.3 98 8.1
Chemical .........coovvevcvcevveineieane.... 6.4 8.5 9.6 12.7 3.6 4.9
CiVileueeeeoeeees veecceeeeeeceeeee . * 10.5 * 10.8 * 9.7
Electrical........ccoocveveienuieeeecereneeievnas 20.6 18.9 232 259 17.6 7.0
Mechanical.............eueeivineiiiiinnnns 8.8 108 120 14.5 5.0 5.6
Metallurgical/materials .................. 11.0 12.6 12.7 18.8 7.0 6.8
Other, N.e.Couevvrervevenevecceeeceveeenne, 13.1 15.6 13.5 17.1 12.2 14.1
Agricultural sciences ........................ 11.0 10.8 12.0 11.1 6.9 8.4
Agronomic sciences........................ 10.0 113 10,7 11.2 6.9 9.9
Animal sciences............ccoeeueae..... hid 96 * 10.0 *s 6.5
Natural resources management...... * s * 3 b b
Biological sciences ............................ 11.4 11.6 12.4 12.8 7.0 6.4
In medical schoots.......................... 10.8 11.2 11.8 12.6 6.6 6.3
In colleges/universities................... 12.4 12.0 13.1 13.0 1.7 6.7
Computer science...............ceuuu....... 48.6 46.4 539 56.8 214 19.8
Environmental sciences................... 124 11.2 15.3 13.6 6.5 7.9
Materials science............................... 245 19.1 27.5 22.7 12.3 7.0
Physical sciences...........c.coveuveeeu...... 15.4 14.7 204 19.8 1.1 1.7
Chemistry........eeoveveveeerenernennnnnnn. 18.9 15.5 23.6 20.3 8.7 6.4
Physics/astronomy.......................... 11.1 13.6 15.2 18.9 6.8 8.8
Interdisciplinary, ne.c..................... %% 12,0 b 17.5 * 6.7
INSTITUTION TYPE
Colleges/universities.......................... 14.9 15.0 17.7 18.4 8.6 8.2
Private........cooouveoivveeveennerieenn 17.5 155 21.8 19.8 9.1 1.9
Public....c..ooovreiveeeeveeee. 13.6 14.8 15.8 17.9 83 8.3
Top 20 in R&D...........ccooovveeveee. 18.7 17.0 223 20.4 11.0 9.7
NoOt in top 20...ueeevereeereereeann, 12.8 14.0 15.1 17.4 7.1 1.5
Medical schools.............cooveeeroenn..... 10.8 112 11.8 12.6 6.5 6.3

IFor the agricultural, biological and environmental sciences, estimates are for 1986 and 1983. In all
other fields, estimates are for 1985 and 1982.

2Dv.edicated for use in a specific experiment, or series of experiments.

**Unstable estimate: base is less than 500 systems.

©_RCE: National Science Foundation, SRS
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Table B-26a. Mean annual number of users per system for in-use research equipment, by
system f unction, and by other system characteristics: National estimates, 1982-83
and 1985-86

System function (mean annual number

of users per system)

System Total General purpose Dedicated2
character.;tics
1982 1985 1982 1985 1982 1983
-83 -86 -83 -86 -83 -86
Total, selected fields ............. 13.9 14.2 16.1 17.0 8.2 7.9
RESEARCH STATUS
State-of -the-art................... 13.0 13.1 15.1 15.5 8.6 93
Other systems in research
USC coevvveverrnorssensnnocsssssssnnone 14.2 14.5 16.3 17.4 8.1 7.3
PURCHASE PRICE
$10,000 - $24,999............... 12.1 12.1 13.7 14.0 7.6 1.7
$25,000 - $74,999............... 13.8 14.6 16.4 18.2 8.0 7.5
$75,000 - $999,999............. 25.6 26.7 304 31.7 12.8 11.0
AGE
Under 3 years..........ccceeuene.. 15.7 15.5 19.1 19.3 8.8 8.5
3 - 5 YeArS..eeerverrrererrvvnennnes 13.9 14.5 158 18.1 9.0 7.1
6 - 8 vears....ccoveeeeeeevrrrnnnenn 12.8 13.7 144 15.4 7.2 9.4
Over 8 years.......cccceecevveennee 11.8 11.4 134 13.1 6.2 6.2
CONDITION
Excellent.......cccoceevvvevervennnnen 14.4 14.5 16.7 17.4 8.8 8.6
AVErage........ccceveeeeerreeecsaen. 13.3 14.0 15.1 17.0 7.8 6.9
| 2170 Y SRS 13.4 12.1 16.6 14.1 6.0 6.6
LOCATION
Within department lab
of principal investigator .. 89 9.0 9.9 10.5 7.1 6.5
Shared-access location........ 21.2 20.9 227 234 12.7 11.3

lFor the agricultural, biological and environmental services, estimates are for FY 1986 and
FY 1983. In all other fields, estimates are for FY 1985 and FY 1982,

2Dedicated for use in a specific experiment, or series of experiments.

SOURCE: National Science Foundation, SRS.
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Table B-27. Principal means of maintenance and repair of iT-use research equipment, by field and institution
type: National estimates, 1582-83 and 1985-86

Principal means of servicing {percent of uyltemn)2

5 University -
. Service Field Research Varranty/ No servicing
lm:;::lgo.nntdype Total contract service mw& el personnel Other was required

1982 | 1985 1982 1985 1982 1985 1982 1985 1982 1985 198832 1985

-83 -86 -83 -86 -83 -86 -83 -86 -83 -86 -86
-2 AU 100%  24% 24% 24% 21% 18% 14% 15% n% 2% 1% 18% 26%
FIELD
Engineering ......... . ........ ....... 100 12 15 20 19 25 16 20 11 2 2 20 38
Themical.................uuuee.. ... 100 9 9 29 25 14 17 26 17 4 4 19 28
(011 | NN 100 i 16 b 18 i 14 hid 9 hd 1 b 42
Electrical ........ccccueeeeee e 100 13 14 19 11 25 19 26 15 4 2 13 39
Maechanical .. . 100 11 16 21 14 23 16 9 9 1 2 34 43
Metallurgical/materials . .... 100 11 11 24 31 21 7 20 12 1 3 23 36
Other, n.e.c...........uuuueeennenn.. 100 11 19 14 23 34 17 26 6 2 1 13 34
Agricultural sciences........ ..... 100 23 17 30 29 12 15 10 12 3 5 22 22
Agronomic sciences.......... .. 100 19 16 32 30 11 13 12 12 4 7 22 22
Animal sciences ... ............... 100 hdd 24 hdd 27 i 14 i 13 hd 4 b 18
Natural resources
mansgement ...................... 100 e . hid e b i b a4 .. »e . e
Biological sciences ........... ..... 100 38 36 25 23 10 9 8 6 2 5 17 21
In medical schools.... 100 39 37 25 23 8 7 8 6 2 5 17 22
In colleges/universitiee . . .... 100 37 35 25 23 11 19 8 7 2 5 17 20
Computer science...... ........... 100 53 49 25 12 11 16 3 1 0 7 8 15
Envitonmental sciences.. ..... 100 14 15 20 22 28 20 18 16 2 3 19 24
Materiale science... ........ .. ..... 100 21 10 19 23 20 18 28 17 0 3 12 30
Physical sciences.............. ..... 100 8 13 24 17 27 20 22 20 2 2 17 28
Chemistry ............. crere ae ee 100 9 10 28 20 29 24 17 19 3 2 14 26
Physics/astronomy ....... 100 7 17 19 13 25 14 28 21 1 3 21 31
Interdisciplinary, n.ec .. ....... 100 hid 9 hid 30 hhd 32 e [ i 7 . 17
INSTITUTION TYPE
Colleges/universities . . ... 100 19 21 23 20 21 16 17 12 2 3 18 27
Poavate..... cooeeveeveeee oo ... ) 22 28 25 19 18 10 14 14 2 4 19 28
Public ..o+ crvrveer e 100 17 19 22 21 23 19 18 12 2 3 17 26
Top20in R&D... .. ... 100 18 20 23 20 '22 18 17 11 2 3 19 28
Notintop20..... ........ 100 19 21 23 21 21 15 17 13 2 4 17 26
Medical schools................ . .... 100 39 37 25 23 8 7 9 6 2 H 17 22

lFo‘r the agricultural, biological and environmental sciences, estimates are for 1986 and 1983. In all other fields,
estimates are for 1985 and 1982.

2lf more than one means of servicing was used during the reference year, the system was assigned to the
left-most category that applied.

**Unstable estimate: base is less than 500 systems.
SOURCE: National Science Foundation, SRS
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Table B-27a. Principal means of maintenance and repair of in-use rese
characteristics: National estimates, 1982-83 and 1985-86

?rch equipment, by selected system

Principal means of servicing (percent of systems)2

University
System Total Service Field M/R Research Warranty/ No servicing
characteristics contract service personnel personnel Other was required
1982 | 1985 | 1982 | 1985 1982 | 1985 1982 | 1985 19082 | 1935 1982 | 1985
-83 -86 -83 -86 -83 -86 -83 -86 -83 -86 -83 -86
1 slected fields............ 100% 24% 24% 24% 26% 18% 15% 15% 13% 2% 6% 18% 15%
RESEARCH STATUS
State-of-the-art............. . 100 22 20 22 26 14 11 16 11 4 11 22 20
Other systems in
research use............cee..e. 100 24 26 24 26 19 17 14 13 1 4 16 14
PURCHASE PRICE
$10,000 - $24,999 ...t 100 22 21 24 28 17 15 14 12 2 6 21 18
$26,000 - $74,999 ............. 100 23 27 23 25 19 16 18 15 2 6 14 12
$75,000 - $999,999............ 100 35 39 24 21 23 18 11 11 2 5 5 6
AGE
Under Syears.......cccceeeeee. 100 23 23 24 22 14 10 12 11 4 13 24 20
S-Byears........ccuuet ceeeenne 100 26 25 26 29 15 16 15 13 2 1 17 16
G-Byears.......coocceeeieeeee 100 27 24 28 33 19 18 15 14 0 1 10 10
Over Byears..........ccocoeeel 100 20 26 20 26 27 22 18 15 0 1 14 10
CONDITION
Excellent..........cccuceveneennenes 100 24 25 21 24 15 14 13 11 2 7 24 19
Average ...........ooveeeenne 100 25 25 26 29 19 16 16 14 3 12 13
POOF....ccoeiiieriiiitnincecreeee 100 16 21 28 33 31 24 20 16 3 3 4
LOCATION
Within-department lab
of principal investigator 100 20 21 25 28 15 13 16 15 2 6 21 17
Shared-access location...... 100 29 28 21 24 22 19 13 10 2 5 13 13

For the agricultural, biological and environmental sciences, estimates are for 1986 and 1983. In ail
other fields, estimates are for 1985 and 1982.

2If more than one means of servicing was used during the reference year, the system was assigned to
the left-most category that applied.

SOURCE: National Science Foundation, SRS
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Table B-28. Annual expenditures for maintenance and re
of servicing, field, and institution type: Nat

1982-83 (inflation-adjusted)

pair of in-use research equipment, by principal means
ional estimates, 1985-86 and percent change from

Prrcipal means of servieing (annual expenditures; dollars 1n mllhonl)2

Total Service Field All other
Field and ° contract service means
nstitution type
1985 Percent 1985 Percent 1985 Percent 1985 Percent
-86 Ch:n(es -86 Chanus -86 Change3 -86 Chance3
Total . ... $79.03 1% $48 28 67% $14 51 13% $16 24 12%
FIELD
16.25 70 857 104 2.69 25 499 56
1.65 132 0.25 33 0.42 128 088 207
0.89 b 0.51 . 0.23 e 016 b
433 68 .n 145 0.62 8 099 10
Mechanical ........ . 285 41 1.89 66 035 65 061 9
Metallurgical/matenals . . 1.18 -22 -21 38 039 -49 0.21 -42
Other, n.e.c........... ......... 5.45 142 260 136 0.70 90 2.15 176
Agnicultural gciences.......... 165 12 0.76 11 0.42 -22 0 47 89
Agronomic sciences........... 1.08 22 0.47 42 0.27 -29 0.34 95
Animal sciences . . ...... .. . 0.3 . 021 . 0.07 b 0.05 b
Natural resources
management ................. . 023 . 0.08 b 008 .. 007 b
Biological sciences.. ............ 28.12 32 18.17 39 3.10 13 185 10
In medical school . . 12.75 17 10.25 22 1.60 0 0.91 0
In colleges/universities .. . 10.38 58 792 89 1.50 32 0.94 24
Computer science 761 111 686 116 0.39 77 037 69
Environmental sciences .... .. 631 37 3.56 88 123 8 151 -3
Materials science. .... ...... .. 1.59 -9 0.65 3 064 268 030 -68
Physical sciences ... ........ 20.95 22 878 88 5.67 -2 6.49 -1
Chemistry ............. .. ....... 10.50 23 356 64 352 4 343 18
Physics/astronomy. . ... .. 10 45 22 5.28 110 2.15 -11 307 -15
Interdisciplinary, n ec..... . . 1.55 v 0.93 b 037 b 025 i
INSTITUTION TYPE
Colleges/univernities......... . 64 84 46 37.78 87 1275 14 15 31 12
Private..........cuuueuneene. ... 21.37 27 1827 . 47 421 18 3.89 -8
Public.................... . 44.47 58 24.51 120 8.54 12 11.42 21
Top20in R&D... ... .. ... 22.14 30 12.85 65 402 8 527 -4
Not in top 20 ......... .......... 43N 56 24.93 102 8.74 17 10.04 24
Medical schools........ ........... 18.19 19 10 50 23 1.75 10 093 1

lFor the agricultural, biclogical and environmen
estimates are for 1985 and 1982.

21f more than one means of servi

left-most category that applied.

3Estimates are adjusted for inflation. For procedure, see Appendix F.

*$Unstable estimate: 1982-§3 base is less than 500 systems.

SOURCE: National Science Foundation, SRS
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Table B-28a. Annual expenditures for maintenance and repair of in-use research equipment, by principal means

of servicing, field, and institution type: National estimates, 1982-83 and

1985-86 (inflation-adjusted)

2
Principal means of servicing (annual expenditures; dollars 1n millions)
Total Service Field All other
Field and ° contract service
nstitution type
b
1982 1985 1982 1985 1982 1985 1982 1985
-8 -86® -83 -86° -83 -86° -83 -86°
Total . e e s $49 97 $70.31 $25.72 $43 05 $11.42 $12.04 $12 84 $14 32
FIELD
Engineering ... . cccoceenees e 835 14.23 3.72 758 1.91 240 2.72 424
Chemiucal....ccoeveiriennonennans . 058 1.34 0.17 0.23 017 0.38 024 073
Cwil... o - . 043 0.79 020 045 0.08 021 015 014
Electrical 2.26 3.80 097 239 052 056 077 085
Mechanical - .ocooceneecs o - 178 2.51 100 166 0.19 032 0.59 054
Mstallurgical /matenials .. 134 1.05 0.39 0.55 0.63 0.32 032 018
Other, D.eCcooiiies covennnee 195 4.72 098 231 032 062 0.85 180
Agncultural sciences... ... ... 1.35 1.52 063 070 0.49 039 0.23 0.43
Agronomic sciences... ..... . 0381 0.99 0.30 0.43 0.35 0.25 018 031
Animal sciences ................ 0.39 0.31 0.26 0120 0.09 007 0.04 005
Natural resources
management .......... . - -.- 0.15 0.21 0.08 007 0.06 0 07 003 097
Biological sciences ....... ... .. 16 00 21.14 11 98 16 62 2.50 2.84 152 168
In medical schools. ... ....... 10 08 11.77 775 9.46 1.47 1.47 084 083
In colleges/universities ..... 5.94 937 4.22 7.15 1.03 136 069 08s
Computer science.. ..... ... - . 3.11 6 56 2.73 590 0.19 034 0.20 033
Environmental sciences.. ... 414 5.68 170 321 1.02 1.10 142 137
Materials science.. .... ... .. . 1.58 1.44 057 059 0.16 058 0 85 027
Physical sciences.... . . ...... 1501 18.41 406 7.65 509 499 5 85 577
Chemistry ......... cccoee v v veee 751 9.25 189 309 300 312 262 304
Physics/astronomy .. . ... 750 9.16 218 456 210 187 322 273
Interdisciplinary, nec ... .. 0.43 1.33 0.32 0381 005 031 006 021
INSTITUTION TYPE
Colleges/universities.. .. . 39.74 58.13 17 81 3336 204 11 32 11 99 13 46
Private.. coococecennnecece oee 14.92 18.99 804 ) 11.81 316 3.75 372 344
Public.. cococciiii - iveeien e 24 82 30.14 977 21.55 677 757 8 27 10 03
Top 20in R&D....... . ... 15.48 20.18 7.10 11.78 339 367 4 98 478
Not in top 20 24 27 37.95 10.71 21 63 6.55 7.65 701 8 68
Medical schools 10.23 1217 7.90 970 1.48 1.62 08s 08s

IFor the agricultural, biological and environmental sciences, estimates are for 1986 and 1983. In all other fields,

estimates are for 1985 and 1982.

2lf more than one means of servicing was used during the reference year, the system was assigned to the

left-most category that applied.
3Estimmes are adjusted for inflation. For procedure, see Appendix F.
SOURCE: National Science Foundation, SRS
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Table B-29.

Mean annual expenditures per institution for maintenance and repair of in-use research equipment,
by principal means of servicing, field, and institution type: National ~stimates, 1985-86 and percent
change from 1982-83!

Principal means of servicing (mean annual expenditures per mstitution, dollars in thouuandl)2
Total Service Field All other
Field and contract service means
institution type
1985 Percent 1985 Percent 1985 Percent 1985 Percent
-86 chm¢e3 -88 t:l'nnge3 -86 t:l'nange3 -86 change3
Total. .. coccceeeer e, $206.5 36% $181.f 62% $54 5 10% $60 5 %
FIELD
Engineering. ..... ........ ... 934 62 493 94 1565 19 287 49
Chemical ........... .. 89 121 14 286 2.4 117 50 192
Civilooniies v, 5.1 i 29 i 1.3 bl 09 hid
Electncal e 24.9 60 15.6 133 36 2 57 5
Mecharnieal...... ... ... 16.4 34 109 58 20 57 35 -13
Metallurgical/materials ... 68 -28 35 32 21 -51 1.2 -45
Other, n.ec..... . .......... ... 313 130 14.9 124 40 81 123 162
Agricultural sciences...... .. ... 94 6 44 6 24 -25 28 7
Agronomic sciences ........... v.1 15 2.7 35 1.6 -32 20 80
Animal sciences 1.9 b 1.2 b 0.4 i 03 hd
Natural resources
management.................... 1.3 hd 0.5 . 05 b4 J4 i
Biological sciences.... ..... ..... 88.5 27 383 34 11.6 10 66 N
In medical schoois......... ... 138 2 17 1114 22 173 0 95 -5
In colleges/universities...... $9.2 49 45.5 61 86 26 50 10
Computer science. ............... 43.8 100 39.4 105 2.2 68 21 61
Environmental sciences 61 30 205 79 7.1 3 86 -9
Materials science.... . ... 92 -14 37 - 37 245 17 -69
Physical sciences.................. 120.3 17 505 79 32.6 -7 372 -8
Chemistry ....... ................. 60.3 17 20.4 56 202 -1 196 10
Physics/astronomy........... 60.0 16 300 99 12.4 -15 176 -19
Interdisciplinary, n e.c. ... ... 8.9 . 8.4 b 21 b 15 b4
INSTITUTION TYPE
Colleges/universities ........... 3777 39 217.1 78 733 8 873 6
Private.......ccccuevenrnne .. os 380.7 27 237.0 47 752 18 685 -9
Public......cccveevurvenne e 3763 46 207.7 108 T2 4 4 96 2 i
Top20in R&D ... .......... 1,103.4 30 642.7 85 2009 8 2598 -5
Notintop 20..... . ............ 2838 47 131.9 91 56.7 10 649 16
Medical schools..................... 1429 19 114.2 23 191 10 97 -3

lFo' the agricultural, biological and environmental sc

estimates are for 1985 and 1982,

21f more than one means of servi

left-most category that applied.

3l:‘.stimates are adjusted for inflation. For procedure, see Appendix F.

**Unstable estimate: 1982-83 base is Jess than 500 systems.
SOURCE: National Science Foundation, SRS
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Table B-29a.  Mean annual expenditures per institution for maintenance and repair of in-use research equipment,
by principal means of servicing, field, and institution type. National estimates, 1982-83
and 1985-86 (inflation-adjusted)!

Principal means of servicing {mean annual expenditures per institution, dollars 1n thoulandl)2

Service Field All other
Field and Total contract service means
institut;nn type —
1082 1988 1982 1985 1982 1985 19082 1985
-83 -863 -83 863 -83 -863 -83 -863
Total e e e e $202.3 $2752 $104 1 $168 8 $462 $507 $520 $55 6
FIELD
Engineering . e 839 873 24.0 46.5 124 147 175 260
Chemical .... ... v e 3.7 82 11 1.4 11 24 15 45
Cvil.. ..... Cee . 28 49 1.3 2.8 0.5 13 09 09
Electrical ... . .. .. 146 233 63 147 34 34 50 52
Mechanical .. [ 11.¢ 15 4 6.4 10.2 12 19 38 33
Metallurgical/materials .. 7 6.6 25 34 40 20 21 1.1
Other,nec..... . 126 290 63 142 211 38 42 110
Agricultural sciences .. 87 9.2 41 4.3 32 2.4 15 26
Agronomuc sciences. ....... 5.2 60 20 26 2.3 1.8 10 1.9
Animal scienccs. ........ ...... 2.5 19 1.7 1.2 [1X] 04 02 03
Natural resources
management. ......... ... 1.0 13 0.4 0.5 0.4 04 02 04
Biological sciences ...... ....... 64.8 826 48.5 65.2 10.1 11 62 63
In medical schools . . 109.3 127.6 843 102.9 160 160 9.1 87
In colieges/universities 38.3 57.1 273 439 56 84 44 49
Computer science . 201 40.3 17.6 36.2 12 21 13 20
Environmental sciences 26.7 347 11.0 19 % 66 67 91 83
Materials urience. . . . . 102 88 .7 36 10 35 55 17
Physical sciences ... .. . 96.8 112.9 26.2 46 9 329 306 3717 353
Chemistry ... . - .. 48 4 56 6 122 18.9 19.3 192 16 9 185
Physics/astronomy .. . 48 4 56 2 14.9 28.0 135 115 20 8 16 8
Interdisciplinary, nec . . 28 81 2.1 80 03 19 04 13
INSTITUTION TYPE
Colleges/universities . e 256 4 3560 114.9 . 2046 641 69 4 774 820
Private. ... ... .. .. 207 8 37186 1576 2315 620 735 729 66 6
Public ...... ... PR e 238.7 3490 94.0 192 4 65.1 67.6 78 890
Top 20.n R&D .. 7738 1,006 1 3551 586.5 169 4 183 4 249 2 236 2
Notincop 20 . ... 1797 2651 793 151.2 488 535 519 60 4
Medical schools ... ... . ... 1112 131.9 859 105.4 16.1 176 92 89

lFor the agricultural, biological and environmental sciences, estimates are for 1986 and 1983. In ali other fieids,
estimates are for 1985 and 1982.

2lf more than one means of servicing was used during the reference year, the system was assigned to the
left-most category that applied.

3Estima:es are adjusted for inflation. For procedure, see Apoendix F.
SOURCE: National Science Foundation, SRS
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Table B-30. Mean annual expenditures per system for maintenance and repair of in-use research equipment,
by principal means ofl servicing, field, and instituticn type: National estimates, 1985-86 and percent
change from 1982-83

Princii al means of servicing (mean annual expenditures per system; dollars 1n thoul:mdl)2
Service Field All other
Field and Total contract service means
institution type
1985 Percent 1985 Percent 1985 Percent 1985 Percent
-86 change® -86 chzmges -86 change3 -86 chan¢e3
Total ..o e een e $2.1 10% $39 13% $1.4 -9% $1.1 -5%
FIELD
Engineering .. ... P 2.9 70 &S 24 16 2 2.0 107
Chemical .. .. . e 2.3 89 31 -6 1.8 83 25 160
Civil . ... .. 1.7 i 35 b 14 b 07 .
Electrical ..... .. e e eees 30 8 82 53 22 10 1.2 15
Mechanical ... .. .. .. .. 30 27 6.6 -28 1.4 94 14 -4
Metallurgiczl/materials . .. 1.7 -6 ({1] 35 1.1 -59 0.8 -9
Other, n.ec. ....ccuueee .. ... 4.4 215 75 42 1.6 2 4.9 >500
Agricultural sciences.... . ..... 0.9 -25 19 4 06 -46 06 -3
Agr ic sciences 0.9 -21 1.9 10 0.6 -50 06 5
Animal sciences ... ..... .... 09 * 19 b 05 b 0.4 b
Natural resources
management ..... .. .......... 0.9 b 2.0 * 09 b 0.8 *
Diological sciences. .. ........ 15 1 2S5 5 0.7 -9 04 -21
In medical school. . . ...... 1.5 -1 25 1 0.7 -10 0Ss -19
In colleges/universities ... . 14 7 24 15 0.7 -7 04 -23
Computer science.............. . 4.3 -3 6.7 -2 1.5 60 08 -56
Environmental sciences ... ... 2.7 0 7.3 (] 1.9 -31 1.2 -19
Materials science.... . ........ 2.9 -8 8.5 71 3.4 142 10 -66
Physical sciences................. 2.5 2 56 -19 2.8 0 13 -13
Chemustry ...... ...... .. ... ... 2.1 -1 53 0 2.8 0 11 -10
Physics/astroromy . .. .. 31 8 LX:] -38 34 4 16 -10
Interdisciplinary, nec . . 16 hdd 85 bl 10 bl 0s g
INSTITUTION TYPE
Colleges/universities. ....... . 2.3 12 46 13 16 -11 12 -4
Private.....ooueenueenveernnanns 26 9 45 . -6 2.0 21 1.3 -12
Public...c. veee rvrirenn v, 2.1 15 46 28 18 -23 12 0
Top 201n R&D. ... ... 22 -1 46 -4 15 -14 1.2 -19
Not in top 20.... 23 20 46 23 17 -10 12 7
Medical schools....... ............ 16 1 2.6 1 08 -2 08 -18

IFor the agricultural, biological and environmental sciences, estimates are for '986 and 1983. In all other fields,
estimates are for 1985 and 1982.

zlf more than one means of servicing was used during the reference year, the system was assigned to the
left-most category that applied.

3Estimates are adjusted for inflation. For procedure, see Appendix F.
**Unstable estimate: 1982-83 base is less than 500 systems.
SOURCE: National Science Foundation, SRS

Q. Bds 11U
ERIC

Aruitoxt provided by Eic:




Table B-30a. Mean annual expenditures per system for maintenance and repair of in-use research equipment,
by principal means of servicilng, field, and institution type: National estimates, 1982-83 and
1985-86 (inflation-adjusted)

2
Principal means of servicing (mean annual expenditures per system; dollars in thousand:)
Total Cervice Field Allother
Field and ota contract service means
nstitution type
1982 1985 1982 1985 1982 1985 1982 1985
-83 -863 -83 -863 -83 -863 -83 -863
Total J $18 $19 $3.2 $36 $1.4 $1.3 $1.1 $i0
FIELD
Engincenng .. .. .. . 16 27 49 61 14 14 09 18
Chemical........ .. ... e 11 20 30 28 09 16 08 21
Cwl . sl L L 14 16 25 32 0.7 13 1.3 07
Electncal..........o.... ... . 17 27 49 15 18 20 0.9 11
Mechanical..... ........ ... . 21 27 83 60 0.7 1.3 13 13
Metallurgical/matenals .. . 17 16 35 47 24 10 07 08
(017,73 WX SN 13 41 53 75 14 14 06 43
Agricultural sciences..... ... . 11 08 17 18 1.0 06 06 06
Agronomic sciences..... ... .. 10 08 16 18 1.1 0S5 06 06
Antmal sciences. . ... ... 12 08 19 18 0.8 05 0.6 03
Natural resources
management. 11 08 17 1.8 15 08 05 0.5
Biological sciences. ... ... ... .... 13 14 22 23 0.7 0.7 05 04
In medical school. ....... 15 14 24 24 07 06 0S 04
In colleges/universities .......... 12 13 19 22 0.7 07 05 04
Computer science ..o o - - ... 40 39 6.2 61 0.9 14 16 07
Environmental sciences...... 25 25 6.4 6.8 25 17 14 12
Matenals science.......... . .. . .. 29 26 [ 78 13 32 28 10
Physical sciences . ... .. ... 22 23 “a 52 26 26 14 12
Chemustry ...... .. ... . 19 19 Y 49 23 23 12 10
Physics/astronomy .. 26 28 47 54 30 31 17 15
Interdiscipbinary.nec ... . .. 44 15 146 19 217 09 10 05
INSTTTUTION TYPE
Colieges/universities. . ... .. . 19 21 37 42 16 15 11 11
Prvate ... 22 24 44 41 15 18 13 12
Public... 17 20 33 43 1.7 13 11 11
Top 20in R&D . P 20 20 44 42 16 13 13 11
Notintop 20.............. ... 18 21 -4 42 17 15 10 11
Medical schools.......co.eue cevenriens 15 15 24 2.4 07 07 05 04

IFor the agricultural, biological and environmental sciences, estimates are for 1986 and 1983. In all other fields,
estimates are for 1985 and 1982.

2If more than one means of servicing was used during the reference year, the system was assigned to the
left-most category that applied.

3Estimates are adjusted for inflation. For procedure, see Appendix F.
SOURCE: National Science Foundation, SRS
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Table B-31. Adequacy of the research equipment available to faculty, by field and institution type:
National estimates, 1982-83 and 1985-86

Adequacy of available research equipment
(percent of departments)

insgéﬁlgo:n?ype Excellent Adequate Insufficient
Total 1982 | 1985 1982 1985 1982 | 1985
-83 -86 -83 -86 -83 -86
Total......veeeevreniieirreernenennns 100% 11% 11% 54% 54% 36% 35%
FIELD
Engineering............ccoun.n.... 100 8 5 42 45 50 50
Chemical ....cc....ovveeenenenn. 100 2 4 49 52 49 43
Civil..oaaeeeeeerierveeevveenan, 100 10 2 47 38 44 60
Electrical.........ccoruneuee.... 100 20 2 22 40 58 58
Mechanical....................... 100 19 1 27 31 54 68
Metallurgical/materials ... 100 0 0 50 67 50 33
Other, ne.Couoenerrrrerrrennns 100 3 11 48 45 48 45
Agricultural sciences ......... 100 8 6 46 50 46 45
Agronomic sciences......... 100 4 8 47 46 48 47
Animal sciences................ 100 14 7 53 60 34 33
Natural resources
management.................. 100 5 0 35 45 59 55
Biological sciences ............. 100 14 12 60 60 26 28
In medical schools........... 100 16 11 68 66 16 24
In colleges/universities.... 100 13 14 52 53 36 32
Computer science............... 100 2 13 52 44 45 44
Environmental sciences. 100 9 10 64 59 27 31
Materials science................ 100 24 27 62 65 14 9
Physical sciences................ 100 4 11 56 56 40 32
Chemistry.......eeveevenrrennns 100 6 13 45 58 49 29
Physics/astronomy........... 100 2 10 65 55 33 35
Interdisciplinary, n.e.c....... 100 30 50 33 37 37 12
INSTITUTION TYPE
Colleges/universities.......... 100 9 11 50 50 41 39
Private.......ccovvveeevveneveannnn, 100 13 18 55 57 31 25
Public ........coovvvrerereennnnn. 100 8 9 48 49 45 42
Top 20 in R&D............... 100 4 12 55 57 40 31
Not in top 20.................. 100 11 11 48 49 41 41
Medical schoots.................. 100 16 10 68 66 16 23

IFor the agricultural, biological and environmental sciences, estimates are for 1986 and 1983.
In all other fields, estimates are for 1985 and 1982.

SOURCE: National Science Foundation, SRS
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Table B-32. Adequacy of instrumentation support services, by field and institution type: National estimates,
1982-83 and 1985-86!

Adequacy of instrumentation support services
(percent of departments)

Field and

institution type Excellent Adequate Insufficient Nonexistent
Total 1982 1985 1982 1985 1982 1985 1982 1985
-83 -86 -83 -86 -83 -86 -83 -86
Total......coovierericsererennns 100% 11% 10% 39% 42% 36% 34% 13% 14%
FIELD
Engineering ..........ccc.c.c.... 100 4 7 49 45 4?2 45 5 3
Chemical..............cc........ 100 2 7 64 57 35 36 0 0
Civil..oeeceenevrenrrinieenens 100 0 0 54 26 43 74 3 0
Electrical .......ccoeurun.e... 100 8 7 41 39 49 53 3 1
Mechanical..................... 100 6 2 62 41 32 57 0 0
Metallurgical/materials 100 4 9 31 69 61 20 5 2
Other, ne.C..ueuene.n.... 100 5 12 43 43 40 38 12 7
Agricultural sciences....... 100 5 3 26 41 40 31 28 25
Agronomic sciences...... 100 4 4 29 35 44 44 23 21
Animal sciences............ 100 4 4 21 48 45 11 31 38
Natural resources
management............... 100 8 2 31 45 26 37 35 16
Biological sciences........... 100 17 It 34 38 31 32 19 19
In medical schools........ 100 17 10 34 41 29 32 20 17
In colleges/universities 100 16 12 33 34 33 33 17 21
Computer science............ 100 3 4 33 60 42 20 22 26
Environmental sciences... 100 16 9 42 39 36 39 6 13
Materials science............. 100 50 27 42 65 9 9 0 0
Physical sciences ............. 100 11 16 42 49 41 29 6 7
Chemistry.....cocecveeeenee 100 3 12 31 31 54 43 12 14
Physics/astronomy........ 109 17 19 52 65 30 15 1 0
Interdisciplinary, n.e.c.... 100 7 26 75 47 18 18 0 9
INSTITUTION TYPE
Colleges/universities ....... 100 10 10 41 43 38 35 12 13
Private.........ccceevvercnennen. 100 17 16 34 52 40 22 10 11
PUbLiC ceoeerneiverenreccrnnenen. 100 7 8 43 49 37 38 12 13
Top 20 in R&D............ 100 8 14 45 41 33 34 14 12
Not in top 20................ 100 10 9 39 43 39 35 11 13
Medical schools................ 100 17 10 34 41 28 32 20 17

IFor the agricultural, biological and environmental sciences, estimates are for 1986 and 1983. In all other
fields, estimates are for 1985 and 1982.

SOURCE: National Science Foundation, SRS
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Table B-33. R :commendations for increased Federal funding, by field and institution type:
Mational estimates, 1982-83 and 1985-86!

Top priority for increased Federal instrumentation funding |
(percent of departments)
Field and Systems in Systems in Lab
institution $50,000- $10,000- equipment
type $1,000,000 $50,000 under Other
range range $10,000
Total
1982 | 1986 1982 1985 1982 1985 1982 1985
-83 -86 -83 -86 -83 -86 -83 -86
TOtal....coeireeceeeeteiee e 100% 26% 35% 61% 55% 10% % 3% 3%
FIELD
Engineering 100 28 29 60 59 9 9 3 4
Chemical..... 100 10 29 70 51 20 20 1] (1}
Civil..ooooiiiirirecrreereeec e 100 6 26 88 47 1] 19 5 8
Electrical .........ccoevevviiniinennee 100 52 56 23 38 15 2 10 4
Mechanical ..........cccceet connnnnnnen. 100 26 6 67 84 (1} (1} 6 10
Metallurgical/materials ............. 100 62 55 32 39 6 0 0 6
Other,nec...ccccvvvvvveeeee o v e, 100 30 18 59 73 10 8 1 1
Agricultural sciences..................... 100 6 18 79 68 15 13 1} [}
Agronomic sciences.................... 100 8 20 80 72 12 8 0 1
Animal sciences ......................... 100 2 8 82 66 16 26 0
Natural resources
management ...........ccccccereenneneen 100 10 28 72 65 18 7 0 0
Biological sciences ............. .......... 100 20 35 66 57 13 7 2 2
In medical schools. 100 19 43 69 48 10 7 2
In colleges/universities .. ........... 100 20 26 63 66 15 7 1 1
Computer science............. ... ....... 100 26 24 74 66 0 3 0 6
Environmental sciences.... ............ 100 36 43 54 42 2 10 7 5
Materials science................. ......... 100 83 100 17 0 0 0 0 0
Physical sciences.............coeu. o 100 43 53 44 40 6 7
Chemistry..........ccooeveeeer vuverennnns 100 54 65 39 33 6 1 1 1
Physics/astronomy............ ....... 100 33 42 48 47 7 8 13
Interdisciplinary, n.ec.................. 100 49 46 44 46 7 1 0 8
INSTITUTION TYPE
Colleges/universities. .... .. .......... 100 28 33 59 57 10 8 3 3
Private.....ooooovvininnn e o 100 37 36 54 55 7 7 2 2
Public ...cccovvnriiinncnnnne e 100 25 32 61 57 10 8 4 3
Top 20in R&D........ .. ............ 100 32 38 55 51 8 5 4 5
Not in top 20 100 27 31 61 58 10 8 3 2
Medical schools........ ceueeeennennn. 100 19 44 69 47 10 7 2 2

IFor the agricultural, biological and environmental sciences, estimates are for the 1986
and 1983. In all other fields, estimates are for 1985 and 1982.

SOURCE: National Science Foundation, SRS
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Table B-34. Annual instrumentation-related expenditures, by kind, ficid, and institution type: National
estimates, FY 1985-86 and perceat change from FY 1982-83!

Annual expenditures (dollars in millions)

o R " Resfarcgr Mainte.nanfge/
Field and Total esearc relate renair o
s get et equipment computer research
Institution type auip sen?ices equipment
FY Percent FY Percent FY Percent FY Percent
I %865 = | change? | ! 988g - | change? | ! 9&5 = | change? | ! %865 = | change?
Total....ueeeveeecereeeccrsannn. $908 27% $687 48% $74 -45% $146 25%
FIELD
Engineering...................... 217 32 164 70 23 -51 29 4]
Chemical.........ceceueennns 22 -4 17 51 2 -75 3 -8
Civil..uuaeevevevieveeivveivenanns 17 -12 12 -4 3 -47 2 34
Electrical........................ 59 15 47 35 4 -64 8 56
Mechanical..................... 32 49 25 164 5 -51 5 49
Metallurgical/
materials...................... 21 90 18 115 1 3 2 19
Other, n.e.c.......ccuu...... 66 74 49 122 8 -20 9 59
Agricultural sciences........ 45 0 33 7 5 -35 6 17
Agronomic sciences....... 27 -16 20 -14 2 -50 4 17
Animal sciences............. 8 45 7 62 1 -20 1 39
Natural resources
management................ 10 40 6 83 2 -7 1 2
Biological sciences ........... 242 14 190 31 10 -67 42 18
In medical schools......... 127 4 98 13 4 =72 25 24
In colleges/
universities .................. 115 30 92 59 6 -62 17 10
Computer science............. 66 96 47 109 4 -2 15 111
Environmental sciences... 71 27 52 38 8 7 11 s
Materials science.............. 10 -24 9 -16 1 11 1 -67
Physical sciences.............. 222 30 167 62 20 -44 35 9
Chemistry.......ce............ 104 27 79 76 9 -6i 16 20
Physics/astronomy......... 119 33 89 51 11 -9 19 2
Interdisciplinary, ne.c.... 35 70 25 62 3 40 7 135
INSTITUTION TYPE
Colleges/universities........ 780 32 588 57 70 -42 121 25
Private.........ccoocvvveenenn..n. 255 27 196 47 17 -53 42 32
Public.....ucveevveeevnnn. 525 34 392 62 53 -37 79 22
Top 20 in R&D............. 262 30 201 57 23 -44 38 19
Not in top 20................. 518 32 387 57 47 -40 83 29
Medical schoois................ 128 4 99 13 4 -72 25 25

IFor the agricultural, biological and environmental sciences, estimates are for FY 1986 and FY 1983.
In all other fields, estimates are for FY 1985 and FY 1982.

21.'-Zstimates are adjusted for inflation. For procedure, see Appendix F.

SOURCE: National Science Foundations, SRS
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Table B-34a. Ar..ual instrumentation-related expenditures, by kind, fieldI and institution type: National
estimates, FY 1982-83 and FY 1985-86 (inflation-adjusted)

Annual expenditures (dollars in millions)
R " Resrarcdh- Mainte.nanfe/
Field and Total esearc relate repair o
I e equipment computer research
mstitution type auip sen?ices equipment
15:8‘; FY 1985 lgs\é FY 1985 lngz FY 1985 15:8‘; FY 1985
- 2 - 2 - 2 - 2
83 -86 83 -86 83 -86 83 -86
Total.....ccooveerrrrrrevene e, $638 $809 $413 $612 $121 $66 $104 $131
FIELD
Engineering....................... 146 193 86 146 4] 20 19 26
Chemical ........................ 21 20 10 15 8 2 3 3
Civil.....ooeeeervecrrrnnae 17 15 11 10 5 2 1 2
Electrical....................... 46 53 31 42 10 4 5 7
Mechanical..................... 19 29 8 20 9 4 3 4
Metallurgical/materials 10 19 7 16 1 1 2 2
Other, ne.c.................... 33 58 19 42 9 7 5 8
Agricultural sciences ....... 41 41 28 30 7 5 5 6
Agronomic sciences....... 29 24 21 18 4 2 3 4
Animal sciences............. 5 8 4 6 1 1 1 1
Natural resources
management................ 6 9 3 6 2 2 1 1
Biological sciences............ 192 220 132 173 28 9 32 38
In medical schools......... 113 118 81 91 15 4 18 23
In colleges/universities 79 102 52 82 13 5 14
Computer science............. 29 58 20 4] 4 4 6 13
Environmental sciences... 49 63 33 46 7 7 9 10
Materials science.............. 12 9 10 8 1 1 2 1
Physical sciences.............. 151 196 91 147 32 18 28 31
Chemistry....................... 71 90 39 68 21 8 12 14
Physics/astronomy......... 79 105 52 79 11 10 16 17
Interdisciplinary, n.e.c..... 18 30 13 21 2 3 3 6
INSTITUTION TYTE
Colleges/universities........ 524 691 332 521 106 62 86 108
Private.............ccveeuennnee. 178 226 117 173 32 15 28 38
Public .......ueevvervriva 346 465 215 348 74 47 58 70
Top 20 in R&D............. 183 239 117 184 38 21 29 35
Not in iop 20................. 341 451 215 337 69 4] 57 73
Medical schools................ 114 118 81 91 15 4 18 23

TFor the agricultural, biological and environmental sciences, estimates are for FY 1986 and FY 1983.
In all other fields, estimates are for FY 1985 and FY 1982.

2Estimates are adjusted for inflation. For procedure, see Appendix F.
SOURCE: National Science Foundation, SRS
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Table B-35. Annual expenditures for research equipment as a proportion of totall R&D expenditures,
by selected fields: National estimates, FY 1982-83 and FY 1985-86

FY 1982-83 R&D expenditures
(dollars in millions)

FY 1985-86 R&D expenditures
(dollars in millions)

S%l.ef(tjgd Res;ean:ht Res;earcht
ie equipmen equipmen
’I'otal2 aup ’I'otal2 auip
Amount | Percent Amount | Percent
117 | DO $4,925 $390 8% $6,527 $653 10%
Engineering, total ................... 1,026 86 8 1,383 164 12
Chemical ......ccccvvummeemcecevrennnes 84 10 12 109 17 16
Civilooeeeeeeeeeeeeeeeeeeeecveeenen. 109 11 10 146 12 8
Electrical.......cccovvremeceeemennnnes 224 31 14 337 47 14
Mechanical.........cccccevvceremenenes 142 8 6 204 23 11
Other, n.eC....ccccereeeeeeeee.... 467 26 6 587 66 11
Agricultural sciences .............. 896 28 3 1,122 33 3
Biological sciences .................. 1,410 132 9 1,833 190 10
Computer science.................... 149 20 13 278 47 17
Environmental sciences.......... 620 33 5 774 52 7
Physical sciences........c.oeeeeuen. 824 91 11 1,137 167 15
Chemistry........ccccoovreeeeeennnens 309 30 13 415 79 19
Physics/astronomy................ 515 52 10 722 89 12

ll'-'or the agricultural, biological and environmental sciences, estimates are for FY 1986 and FY 1983.
In all other fields, estimates are for FY 1985 and FY 1982.

2Source of data for FY 1982-85 is Academijc Science/Engineering R&D Funds: Fiscal Year 198J.
National Science Foundation, NSF-640, Table B-3. Source of data for FY 1986 is Academic Science/

Engineering R&D Funds: Fiscal Year 1986. National Science Foundation, NSF 88-312, Table B-3.

NOTE: Subcategory values may not sum exactly to total because of rounding.

SOURCE: National Science Foundation, SRS
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Form

OMB No. 3145-0087

Number: Expiration Date 2/28/89

NATIONAL SURVEY OF ACADEMIC RESEARCH

INSTRUMENTS AND INSTRUMENTATION NEEDS 11

NATIONAL SCIENCE FOUNDATION

DEPARTMENT/FACILITY QUESTIONNAIRE

THIS REPORT IS AUTHOKIZED BY LAW (P.L. 96-44). WHILE YOU ARE
NOT REQUIRED TO RESPOND, YOUR COOPERATION IS NEEDED TO
MAKE THE RESULTS OF THIS SURVEY COMPREHENSIVE,
ACCURATE, AND TIMELY. INFORMATION GATHERED IN THIS
SURVEY WILL BE USED ONLY FGR DEVELOPING STATISTICAL
SUMMARIES. INDIVIDUAL PERSONS, INSTITUTIONS, AND
DEPARTMENTS WILL NOT BE IDENTIFIED IN PUBLISHED
SUMMARIES OF THE DATA.
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BACKGROUND AND INSTRUCTIONS

There is widcsprcad concern about whether academic research scientists and
cngineers have sufficicnt access to the kinds of equipment nceded to permit continuing
rcscarch at the fronticr of scicntific knowledge. To help the National Science Foundation
and othcr Federal agencics sct appropriate equipment funding levels and priorities, this
congressionally-mandated survey is intended to update findings for a similar study
undcrtaken in 1982-83 and to document trends in (a) the amount, cost, and condition of
the scientific rescarch equipment currcntly available in the nation’s principal research
universitics, and (b) the nature and extent of the need for upgraded or expanded
cquipment in the major fields of science and enginecering.

The update survcy is being conducted in two phases. The current phase (Phase 1)
dcals with research equipment in the physical sciences, enginecring, and computer

scicnces.  Next year, Phase I1 will be conccrned with the agricultural, biological, and
cnvironmental scicnces.

This Department Qucstionnaire seeks a broad overview of cquipment-related
cxpenditures and needs in this department (or nondepartmental research facility). Items
1-10 (Parts A and B) are factual in nature and may be delegated to any person or persons
who can provide the requested data. In these sections, informed estimates are acceptable
whenever precise information is not available from annual reports or other data sources.
Items 11-16 (Part C) call for judgmental assessments about cquipment-related research
necds and priorities of the department (or facility) as a whole and should be answered by
thc department chairperson (or facility director) or by a designee who is in a position to
make such judgmcnts. We urge that particular attention be given to Itcm 15, which asks

for this dcpartment’s (or facility’s) recommendations about needed changes in equipment
funding policics and procedures.

This form should be returnsd to your institution's study coordinator. Your
coopcration in rcturning the survey form promptly is very important.




to
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PART A. DESCRIPTIVE INFORMATION

Institution name:

Department (or nondepartmental research facility) name:

This is: (CHECK ONE)
| | | An academic decpartment (CONTINUE WITH ITEM 4)

| | 2 A nondepartmental research facility (SKIP TO ITEM 7)

Number of doctoral degrees awarded in the 1984-85 academic year to students in this
department:

Number of full-time faculty members in this department:

Number of full-time faculty members in this department who are participating in
ongoing rescarch projects:

PART B. RESEARCH-RELATED FUNDING AND EXPENDITURES

Department (or facility) expenditures for scientific research equipment during the
institution's 1985 fiscal year.

$ FY 1985 expenditures for scientific research equipment

NOTE: SCIENTIFIC EQUIPMENT IS ANY ITEM (OR INTERRELATED
COLLECTION OF ITEMS COMPRISING A SYSTEM) OF NONEXPENDABLE
TANGIBLE PROPERTY OR SOFTWARE, HAVING A USEFUL LIFE OF MORE
THAN TWO YEARS AND AN ACQUISITION COST OF $500 OR MORE, WHICH IS
USED WHOLLY GR IN PART FOR RESEARCH. INCLUDE ALL SCIENTIFIC

RESEARCH EQUIPMENT ACQUIRED FROM ALL SOURCES -- FEDERAL, STATE,
INSTITUTIONAL, INDUSTRIAL, ETC.
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Please provide an approximate breakdown by source of funds for this department’s
(or facility’s) FY 1985 expenditures for scientific research equipment. [NOTE:
ENTRIES SHOULD SUM TO 100 PERCENT: ESTIMATES ARE ACCEPTABLE]

Source of funds Percent of FY 1985 expenditures

for scientific researc 1 eguipment

a. Federal Government %
b. Internal institution funds %
c. Statc cquipment or capital

dcvelopment appropriations %
d. Private nonprofit foundations/

organization: %
c. Business or industry %

f. Other (SPECIFY)

%

TOTAL, ALL FUNDING SOURCES 100 %

FY 1985 expenditures for purchasc of research-relat=d computer services at:

$

$

Institution computine facilities

Other computing fac..ities

FY 1985 expenditures for maintenance and repaii of all scientific rcsearch equipment
in this department (or facility):

Scrvice contracts or field secrvice for maintenance aad rcpair of
individual instruments

Salaries of institution maintenance/repair personnel (pro-ratc if
pcrsonnel do not work fnll-time in this departinent/facility or on
servicing of research equipment)

Other direct costs of supplies, equipment and facilities for servicing
of research instruments in this department/facility

Total




PART C. ADEQUACY OF AND NEED FOR SCIENTIFIC RESEARCH EQUIPMENT

11. Are the instrumentation support services (e.g., machine shop, electronics shops) at this
department or facility: (CHECK ONE)

I} 1 Exccllent

30

Adcquatce
Insufficient

3
| { 4 Noncxistent

12. In terms of its capability to erable faculty investigators to pur.se their major
rescarch intcrests, is the research equipment in this department (or facility) generallv:

o1 Exccllent
| | Z Adcquate
| | 3 insufficient
13. If greater Federal funding ol research cquipment were possible, in which single area

would incrcased investment be most beneficial to investigators in  this
department/facility? (CHECK ONE)

| | 1 Large scale rcgional and nati nstrumentation facilities

| | 2 Major shared access instrument systems ($50,000-$1,000,000) not presently
available to department/facility members

| | 3 Upgrading/cxpansion of equipment in $10,000-$50,000 range

| | 4 General enhancement of equipment and supplics in labels of individual P.Is
(items generally below $10,000)

| | 5 Other (SPECIFY)

14. What three items of research equipment in the $£:0,000-$1,000,000 cost range are the
topmost prioritics at this time in this depastmentyCacility? (Plcase list in priority
order beginning with priority no. 1.)

Item description Approximate cost

4

15. How could currcnt Federal equipment funding policics and/or proccdures be modified
to better meet the rescarch needs of rescaschers in this department/facility?

) 1:-,‘
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- Please note in the space below: (a) any additional information needed to describe the
research equipment and cquipment-rclated nceds in this department/facility, or (b)
any suggestions to improve this survey questionnaire.

. Pcrson who prepared this submission:

NAME AND TITLE AREA CODE - EXCH - NO - EXT

. How many pcrson-hours were required to complete this form?

HOURS MINUTES

[y
'-'-:
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APPENDIX D

INSTRUMENT DATA SHEET (UPDATE)




OMB No. $145-0067
Expirstion Date 2/28/89

NATIONAL SURYEY OF ACADEMIC RESEARCH INSTRUMENTS AND
INSTRUMENTATION NEEDS II

NATIONAL SCIENCE FOUNDATION
INSTRUMENT DATA SHEET: UPDATE

The instrument or component shown below was part of a major history and current status of the instrument. Where exact cosc (or
astional assesament of the condition of academic research other) data are not available, estimates are acceptable. Your
instrumentation in 1982. Certain elements relating to the instru- estimates will be better than ours.

ment’s status, condition, and usage need updating as of 198S.

This study is authorized by law (P.L. 96-44). While you sre noc
ldentifying data for the instrument and soms of the information required to respond, your cooperation is needed to make the resuits
sbout its cost, acquisition, and configurstion that was obtained in of this survey comprehensive, accurate, and timely. Informacion
1982 are reproduced below in the space provided. Please review gathered in this survey will be used only for developing stacisacal
these data and make sny necessary changes. Then please complete sun maries. Individual persons, institutions, and departments wiil
the form by answering questions 1 through 13. See back pag ‘or not Le :ientified in published summaries of the data.
definitior - of key terms .

Your cooperation in returning the survey form promptly is very
We ask that the requested information be obtained {rom the research important. Please direct any questions about this form to your
investigator or person(s) who is most knowledgeable about the university study coordinator.

INSTRUMENT DATA: PLEASE REVIEW AND CORRF 7T AS NEEDED

SURVEY FORM NUMBER. CORRECTIONS
A. Department or Facility:
B. Preparer of 1982 Survey Form:
C. Instrument:

D. Central Records ID:

E. Location:

F Year of Purchase:

G. Instrument Purchase Price:

H. Means of Acquisition at this University:

I. Source of Funds for Acquisition at this University:

J. Does Instrument have any Dedicated Accessories NOT included in
Instrument Purchase Price:

K. Aggregate Purchase Price of all dedicated Accessories NOT
included in Instrument Purchase Price:

L. Cost and Description of Separately Purchased Dedicsted Accessories Costing $10,000+ (Please indicate additions/deletions since 1982)

.
4
3

[SSRY
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What was this instrumcnt’s status during 1985? (CHECK ONF)

i 1

_ Used in original scientific research (CONTINUE TO ITEM 2)

(8]

Uscd only for nonresearch purposes (SKIP TO ITEM 11)

It 3 Imactive or inoperable throughout 1985 (SKIP TO ITEM i1)

I_l 4 No longer exists (cannibalized, junked, traded in, or otherwise disposed of)
(SKIP TO ITEM 11)

Il 5 Not yet in service (SKIP TO ITEM 11)

Il 6 Other (SPECIFY)

Where was this instrument located during 1985 when in research use? (CHECK ONE)

|_| I National, regional, or

(CONTINUE TO ITEM 3)

()

interuniversity

resecarch  instrumentation lab

Nondcpartmental research facility (CONTINUE TO ITEM 3)

res.irch  instrumentation facility

I_l 3 Decpartment-managed common lab or
(CONTINUE TO ITEM 3)
I_I 4 Within-department research lab of principal investigator (CONTINUE TO ITEM 3)
I_t 5 Lab or facility uscd almost exclusively for undergraduate instruction, or for
othcr nonrescarch activity (SKIP TO ITEM 11)
! 6 Other (SPECIFY)

S

What was the instrument’s principal ficld of
rescarch use in 1985? (e.4., physics, astronomy,
chemistry, computer science, electrical
cnginecring)

Adeguacy of the scrvicing (maintenance,
repair) this instrument received during 1983,
(CHECK ONE)

I_} 1| Not applicable: no servicing was
needed
I_] 2 Excellent
4 How much was spent for maintenance and Il 3 Adequate
repair (not for operation) of this instrument
and its accessorics in 19857 I_| 4 Inadcquate
)
5 Mcans of servicing (maintenance/repair) this

mstrument during 1985: (CHECK ALL THAT
APPLY)

| Nonc required

| 2 Scrvice contract

Ficld scrvice, as needed

W

|
il
i_l 4 Institution-employed

maintenance/repair staff

Il 3 Rescarch personr.l (faculty, students,
post-docs)
Il 6 Other (SPECIFY):

Instrument’s general working condition during
1985: (CHECK ONE)

I 1
1 2

Il 3 Poor (eg., unreliable, frequent
brcakdowns, difficult to maintain or
scrvice)

Exccllent

Average

Inoperable entire year

bt
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| | 2 Used for research; more advanced

1} 3 Not uscd for research during 1985

Rcscarch function of this instrument during
1985: (CHECK ONE)

| | 1 Most advanced instrument of its kind
that is accessible to those who use it
in their research

instruments are available to users
when neceded

Technical capabilities of this instrument (i.c.,
the base instrument, excluding accessorics)
(CHECK ONE)

I} | State-of-the-art (most highly dcvel-
oped and scientifically sophisticatcd
instrument of its kind)

I_J 2 Adcquate to meet researcher necds

I_l 3 [Inadequate for research {(PLEASE
EXPLAIN):

10 In 1985, was this a general purpose instrument within an area of research or was it
dcdicated for a particular experiment or serics of cxperiments? (CHECK ONE)
i_| 1 General purpose
i_l 2 Dedicated
1t How many research investigators made use of this instr- ment for research purposes during
1985 (ESTIMATE APPROXIMATE NUMBER IN EACH APPLICABLE CATEGORY)
1 Faculty and equivalent nonfaculty rescarchers, this department/facility
2 Graduate and medical students and postdoctoratas, this department/facility
3 Faculty and cquivalen. nonfaculty rescarchers, other departments, this university
4 Graduate and mcdical students and postdoctorates, other departments, this university
____ 5 Rcscarchers from other universities
6 Nonacademic researchers
7 Other (SPECIFY):
Total number of research users
12. Plcasc note in space below: (a) Any additional information necded to clarify the nature,
function and quality of this instrument, or (b) any suggestions to improve this
qucstionnaire or its instructions.
13 Pcrson who prepared this submission:
NAME AND TITLE AREA CODE - EXCH - NO - EXT
14. How many person-hours were required to complete this form?

HOURS MINUTES




DEFINITION OF KEY TERMS

INSTRUMENT PURCHASE PRICE (inirial value)

The original price of the instrument (or its

components, if built locally) at time of original
gurchase from the manufacturer Do not include
cost of separately purchased accessories; do not
subtract any discount (e.g., for trade-in) which
may have besn recsived. Please estimate if
original records are not available.

YEAR OF PURCHASE
The calendar year when this instrument (or its

principal components) was originally purchased
from the manufacturer.

P

P

DEDICATED ACCESSORIES

Separately acquired "add-ons” to or components of
the instrumentation system of which the
instrument described below is the principal
element. This includes accessories that are
presently dedicated solely for use with the
reference instrument but are not included in its
purchase price (in item G, page 1). Examples:
specimen preparation and photographic accessories
for a particular electron microscope; oscilloscope,
microprocessor, HPLC, or data system accessories
for a particular spectrometer; key entry, disc
drive, printer or plotter accessories for a
particular microcomputer.
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OMB No. 3145-0067
Expiration Date 2/28/89

NATIONAL SURVEY OF ACADEMIC RESEARCH INSTRUMENTS AND
INSTRUMENTATION NEEDS II

NATIONAL SCIENCE FOUNDATION
INSTRUMENT DATA SHEET

This data sheet is part of 2 major national assessment of the
The data sheet
concerns a particular instrumert selected from university central

condition ot acadermuc research instrumentation.

inventory records as part of s national sample of research
instruments in your field. The sampled item is described below.

We ask that the requested information be obtained from the research
investigator or person(s) who is most knowledgeable about the
history and current status of this instrument. Where exact cost (or
other) data are not available, .estimates are acceptable.
estimrates will be better than ours.

Your

This study is authorized by law (P.L. 96-44) While you are not
required to respond, your cooperation is needed to make the results
of tlis survey comprehensive, accurate, and timely. Information
gathered in this survey will be used only for developing statistical
summaries. Individual persons, institutions, and departments will

not be identified in published summanes of the data.

Your cooperation in returning the survey form promptly is very
Please direct any questions about this form to your
university study coordinator.

important.

DEFINITION OF KEY TERMS

INSTRUMENT PURCHASE PRICE (initial value)

The onginal price of the instrument (or its components, if built
locally) at_time of onginal purchase from the manufacturer. Do not
include cost of separately purchased accessories; do not subtract any
discount (e.g., for trade-in) which may have been received. Please
estimate if original records are not available.

YEAR OF PURCHASE

The calenrdar year when this instrument (or its prinapal

components) was onginally purchased from the manufacturer.

DEDICATED ACCESSORIES

Separately acquired "add-ons”™ to or components of the
nstrumentation system of which the instrument described beiow 1s
the principal element. This includes accessories that are presently
dedicated solely for use with the referenced instrument but are not
included in its purchase cost (in item G, below). Examples- specimen
preparation and photographic accessortes for a particular electron
microecope; oscilloscope, microprocessor, HPLC, or data system
accessories for 8 particular spectrometer; key entry, disc dnive,
printer or plotter accessories for a particular microcomputer.

INSTRUMENT DATA: PLEASE REVIEW AND CORRECT AS NEEDED

A. SURVEY FORM NUMBER
B Department or Facihity

C Instrument:

D Central Records 1D

E Location.

F Year of Purchase

G Instrument Purchase Price:

CORRECTIONS

El{[lc 5_316'\1
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SEE PAGE ! FOR DEFINITION OF ALL BOLDFACE TERMS

1. What was this instrument’s status during 1985? (CHECK ONE)
I Used in original scientific research (CONTINUE TO ITEM 2) |
2 Used only for nonresearch purposes (SKIP TO ITEM 15)

I_J 3 Inactive or inoperable throughout 1985 (SKIP TO ITEM 15)
4

No longer exists (cauanibalized, junked, traded im, or otherwise disposed of)
(SKIP TO ITEM 15)

Not yet in service (SKIP TO ITEM 15)
I_] 6 Other (SPECIFY)

L

2.  Where was this instrument located during 1985 when in research use? (CHECK ONE)

I_J I National, regional, or interuniversity resecarch instrumentation lab (CONTINUE TO
ITEM 3)

I_J 2 Nondepartmental research facility (CONTINUE TO ITEM 3)

|| 3 Department-managed common lab or research instrumentation facility (CONTINUE TO
ITEM 3)

| 4 Within-department research lab of principal investigator (CONTINUE TO ITEM 3)

|
|| 5 Lab or facility used almost exclusively for undergraduate instruction, or for other
nonresearch activity (SKIP TO ITEM 15)

I_l 6 Other (SPECIFY)

3. Does this instrument have any DEDICATED ACCESSORIES not included in the INSTRUMENT
PURCHASE PRICE (from ID BOX, item G)? (See page | definitions of key terms)

I_J 1 Yes—3a, Estimated aggregate purchase of all DEDICATED ACCESSORIES
not included in ID BOX item G. $
IJ 2 No
3b. Please describe and estimate the purchase price for each separately
purchased DEDICATED ACCESSORY costing $10,000 or more.
(If additional space is needed, continue in Question 14 or attach a
separate continuation Sheet.)

ipty i 1 T Purchase cost

3
3
3
S

b W N

4. What was the instrument’s principal field of research use in 19857 (e.g., physics, astronomy,
chemistry, computer science, electrical engineering)




How was this instrument accuired at this
institution? (CHECK ONE)

il 1 Purchased new

i_J 2 Purchased used

I_l 3 Locally built (at or for this
institution)

Il 4 Transferred f(rom another insti-
tution, e.g., by incoming faculty
member (SKIP TO ITEM 7)

I_J S5 Government surplus (SKIP TO
ITEM 7)

I_J 6 Donated new (SKIP TO ITEM 7)

I_J Doaated used (SKIP TO ITEM 7)

I_J 8 Other (SPECIFY):

Source(s) of funds for acquisition of this
instrument at this institution. (SPECIFY
APPROXIMATE PERCENTAGE CONTRI-
BUTION FOR EACH APPLICABLE
SOURCE)

Funding
contri-
bution

(percens Funding source

Federal sources:

NSF (National Science Foundation)
NIH (National Institutes of Health)
DOD (Department of Defense)

DOE (Department of Energy)

USDA (Department of Agriculture)
Other Federal sources (SPECIFY):

Non-Federal sources:
Institution or department funds
State grant or appropriation
Private nonprofit foundation
Business or industry

Other (SPECIFY).___

100% Total

7. How much was spent for maintenance and
repair (not for operation) of this instrument
and its accessories in 19857
L S

8. Means of servicing (maintenance/repair) this
instrument during 1985: (CHECK ALL THAT
APPLY)

I_J | Noae required

I_J 2 Service contract

I_J 3 Field service, as needed

I_J 4 Institution-employed
maintenance/repair staff

I_J 5 Research personnel (facuity, stu-
dents, post-docs)

I_J 6 Other (SPECIFY):

9. Adequacy of the servicing (maintenance/
repair) this instrument received during 1985:
(CHECK ONE)

I_J 1 Not applicable: no servicing was
needed

I} 2 Excellent

Il 3 Adequate

I_J 4 Inadequate

10. Instrument’s general working condition

during 1985: (CHECK ONE)

I_J 1 Excellent

I_J 2 Average

I_J 3 Poor (e.g. wunreliable, (requent
breakdowns, difficult to maintain
or service)

I_| 4 Inoperable entire year

1.

Research function of this instrument during
1985: (CHECK. ONE)

I_J | Most advanced instrument of its
kind that is accessible to those who

use it in their research

Used for research; more advanced
iastruments are available to users
when needed

Not used for research during 1985




12. Technical capabilities of this instrument (i.e., 13.
the basc instrument, excluding accessories)
{CHECK ONE)

I_J 1 Statc-of-the-art (most highly devel-
oped and scientifically sophisticated
instrument of its kind)

i_J 2 Adequate to meet researcher needs

i_J 3 [Inmadequate for research (PLEASE
EXPLAIN):

In 1985, was this a general purpose
instrument within an area of ressarch or was
it dedicated for a particular experiment or
series of experiments? (CHECK ONE)

I_J 1 General purpose
i_J 2 Dedicated

14. How many research investigators made use of this instrument for research purposes during 1985:
(ESTIMATE APPROXIMATE NUMBER IN EACH APPLICABLE CATEGORY)

Researchers from other universities
Nonacademic researchers
Other (SPECIFY):

~N Oy M AW N -

Faculty and equivalent nonfaculty researchers, this department/facility
Graduate and medical students and postdoctorates, this department/facility
Faculty and equivalent nonfaculty researchers, other departments, this university

Graduate and medical students and postdoctorates, other departments, this university

Total number of research users

15. Please cote in space below: (a) Any additional information needed to clarify the nature, function
and quality of this instrument, or (b) any suggestions to improve this questionnaire or its

instructions.

16. Person who prepared this submission:

NAME AND TITLE

17. How many person-hours were required to complete this form?

AREA CODE - EXCH - NO - EXT

HOURS MINUTES

Ih‘\)
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INFLATION ADJUSTMENT METHODOLOGY

Although the rate of inflation in the years between the origiral baseline survey and
the update has been the lowest in recent history, the fact is that a dollar of investment in academic
research instruments in 1982-83 was not the same in real terms as a dollar of investment in 1985-
86. This appendix discusses the adjustments that have been made to remove the effects of
inflation in comparisons between the 1985-86 update survey data and data obtained in the 1982-83

baseline survey.

There are three separate ways in which inflation affects comparisons between the two

surveys:

1.  The dollar values of all equipment-related purchases and expenditures that
occurred in the interval between the two swdies are affected by inflation. To
adjust for this effect in comparisons between *he two studies, financial d:ta
from the 1985-86 study that involve equipment purchases or other expenditures
since the 1982-83 study were converted to 1982-83 constant dollars.
Specifically, for the Phase 1 fields (the physical and computer sciences and
engineering), expenditures in each of the three years following the baseline
study -- 1983, 1984, and 1985 -- were converted to 1982 constant dollars. In the
Phase 11 fields (the agricultural, biological, and environmental sciences), post-
baseline expenditures in each of the years 1984, 1985, and 1986 were converted
to 1983 constant doilars.

2. Inflation affects the number of colleges and universities that meet the study’s
requirement of at least $3 million: in annual R&D expenditures. Some of the
institutions that met this requirement on the basis of actual 1984 R&D
expenditures data, which were used to determine the institution universe in the
updaie survey, would not have met the requirement if 1984 expenditures had
been measured in terms of 1980 constant dollars (1980 R&D expenditures data
were used to define the universe for th baseline study). To adjust for this
effect, it was necessary to d.termine *he nui.:ber of institutions from the 1985-
86 study universe that would not have been cligible if 1984 R&D expenditures
data had been expressed in 1980 constant dollars and tk: recompute
institution s’ npling weights to reflect the redefned universe.

3. Inflation affects the numbers of instruments falling v.ithin the study’s $10,000 to
$1 miliion cost range. Some in-scope instruments that were purchased siuce the
baseline study for prices close to the $10,000 lower limit would be below the
limit, and consequently out-of-scope, in 1982-83 constant collars. Such
instruments were excluded in inflation-adjusted comparisons tetween the two
studies. In principle, \he 1985-86 sample could also have included some post-
baseline purchases that were slightly over the $1 million upper limit (and
consequently out-of-scope when unadjusted national estimates for 1985-86 are
produced) that should be added back into the data base when inflation-adjustea
comparisons are made. As it happens, however, the 1985-86 sample did not
contain any instruments in this categoly, and no adjustment at the upper end of
the inst-ument cost range was ne -ed.

F3  1&,




In estimates of change in aggregate dollar ar-: unts of research equipment (from the
instrument survey component of this study), all three adjustments apply. For estimates of change
in the number of instrument systems (from the instrument survey), adjustment 1 is not applicable,
but adjustments 2 and 3 are appropriate. For estimates of change in departments’ equipment
exependitures (from the department survey), adjustment 3 is not applicable, but adjustments 1 and
2 both apply.

Selection of a Price Index

The first issue involved in making the above adjustments is the choice of the price
index to be used for th conversior -f dollar values to constant terms (the same year). As
indicated in Table F-1b &, the overall Consumer Price Index of prices paid by urban consumers
(the index usually used to . ~~ ¢ inflation’, rose by 11.4 percent between 1982 and 1985. For
durables purchases, the measure was 12.3 percent. These are measures of prices paid by
individuals for consumption. More relevant to this analysis is the change in the price of produced
goods. These indices (producer price indices) are measures of the prices at which manufactured

goods are sold. During the period 1982 - 1985, the overall Producer Price Index increased by 3.2

percent.
Table F-1. Trends in major price indices from 1982 to 1985
Percent

Index 1982 1985 Change
Overall Consumer Price Indox 289.1 3222 11.45
Consumezr Price Index:

Durables 2411 276.7 12.28
Overali Producer Price Index 2993 308.8 3.17
Producer Price Index:

Durables Manufacturing;

Machinery and Equipment 278.7 298.9 7.25

P N
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The overall Producer Price Index is, in turn, composed of indices for numerous

subcategories of goods from Farm Products to Durable Goods. Of most interest to this analysis is
the Producer Price Index for Machinery and Equipinent (category 11), which increased 7.2 percent
over the period from 1982 to 1985. However, the various subcategories of the Producer Price
Index are, in turn, composed of three- and four-digit subcategories of products for which price

indices are calculated.

The three-digit categories range from Agricultural Machinery (category 111) through
Miscellaneous Machinery (category 119). Of these, the most germane to the current issue are
Special Industry Machinery and Equipment (category 116) and Electrical Machinery and
Equipn.ent (category 117)" The Special Industry Machinery and Equipment category covers a
wide range of different equipment, and the Electrical Machinery and Equipment category covers
many items that are common to academic research instruments. Therefore, an index that
combined these two would probably be most appropriate for the purpose of making adjustment for

inflation in the prices of research equipment.

The various subcategories of the Producer Price Index are weighted according to the
proportion they comprise of total purchases of these products to obtain the index of the categories
and of the overall Producer Price Index. Therefore, to create a price index composed nf categories
116 and 117, a Combined Ind-v was generated which is a weighted average of these two. The
weights used to create this Combined Index were the weights used to represent these categories in

the overall category of Machinery and Equipment (category 11).

Table F-2 below indicates the values of these price indices from 1980 through 1986,
and for the combined index, it shows year-by-year change from 1982-83. [Ihe change factors also
can be read to indicate inflation rates ‘n percentage terms. For example, the Combined Index
increased by a factor of 1.0998 from 1982 to 1985, the change interval encompassed in Phase I of
the study. This is the same as saying the index increased by 9.98 percent during this period.
Similarly the Combined Index increased by a factor of 1.0815, or by 8.15 percent, over the change
interval that applies to Phase II fields: 1983-86.

‘A third three-digit category, Miscellaneous Instruments (category 118), was also of interest. This category includes Engineenng and
Scientific Instruments (category 1185). However, according to personnel of the U.S Bureau of Labor Statistics (who compile these
indices), separate indices for these categorics were first available in March of 1983  Since the base year for the desired comparison
could not be obtained, this index could not be used for the current analysis.
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Table F-2, Selected Producer Price Indices

Code Index 1986 1985 l 1984 , 1983 I

116 Specialized industrial equip. 371.3 360.3 348.7 337.1
17 Electrical machinery 257.6 253.8 248.7 240.1
Combined 285.3 279.8 273.1 263.8

Change from 1982
(for Phage 1) -- 1.0998 1.0735 1.0369

Change from 1983
(for Phase I1) 1.0815 1.0607 1.0353

NOTE: Combined Index is weighted by ratio of index weights (116 = 1.092, 137 = 3.385)

SOURCE: U.S. Bureau of Labor Statistics

Inflation Adjustment Procedure

Dollar amounts of post-baseline study purchases and expenditures were adjusted for inflation
using the change factors for the Combined Producer Price Index shown in Table F-2 above. Thus, for Phase
I fields, actual dollar amounts for purchases/expenditures made in 1983 were divided by 1.0369; those in
1984 were divided by 1.0735; and those in 1985 were divided by 1.0998. For post-baseline equipment and
other expenditures in Phase II fields, the adjustment factors were 1.0353 (1984), 1.0607 (1985), and 1.0615
(1986). These adjustments were designed to convert post-baseline purchases and expenditures into 1982-83
constant dollars.

For trend comparisons involving the 1985-86 instrument sample, instruments with inflation
adjusted prices of less than $10,000 (in 1982-83 constant dollars) were excluded from the analysis.

ih;,
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All inflation-adjust¢ ! comparisons also involved an adjustment to the 1985-86 study’s
institution universe. The first step in this adjustment was to determine the number of institutions
that would have been in the universe for the 1985-86 update study if it had been defined using a
constant-dollar equivalent of the $3 million R&D expenditures requirement that was used to
define the universe for the 1982-83 baseline study. The number of colleges and universities that
met the baseline study requirement of $3 million in 1980 R&D expenditures was 157. The number
that met the (unadjusted) update study requirement of $3 million in 1984 R&D expenditures was
174 (see Appendix A). In the iitervening interval, the combined Producer Price Index increased
by a factor of 1.2425. This implies that, in inflation adjusted comparisons between the baseline and
update studies, the update study should represent only institutions with 1984 R&D expenditures
above $3,000,000 x 1.2425, or $3,727,500. A total of 163 colleges and universities meet this
inflation-adjusted requirement. Additional information about numbers of institutions in the three
different universes (baseline, update, and update adjusted for inflation) is presented in

Appendix H.

As it happens, none of t+ institutions actually selected in the 1985-86 study sample
was among ‘1ie 11 that would not have been eligible under the inflation-adjusted criterion.
Consequently, it was not necessary to discard data from any sampled institutions in order to
perform inflation-adjusted comparisons. It was necessary, however, to adjust institution sampling
weights to reflect the fact that an inflation-adjusted institution sample for the update study would
have been selected from a universe of only 163 institutions rather than from one containing 174

colleges and universities.

Without going into details about the sample design (which is described in a separate
methodology report), the 12 smallest colleges/universities in the update study sample were
selected with equal selection probabiiity from a stratum consisting of the 103 smallest R&D
institutions in the survey universe. Consequently, all had institution selection weights of
103/12=8.583. Using the inflation-adjusted criterior;, the number of institutions in the smallest
stratum would be reduced (by 11) to 92, and the institution selection weight for the 12
colleges/universities from this stratum would be 92/12=7.667. To produce inflaticn-adjusted
estimates, the adjusted (lower) instituticn selection weight was used in calculating the final
estimation weights for all instrument and departn.cnt records obtained from the 12 smallest

colleges/universities in the update study sample.
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In summary, the inflation adjustment procedure involved up to three adjustments to
the 1985-86 data:

1. The dollar amounts of purchases/expenditures that occurred after the baseline
study were converted (i.e., reduced) to 1982-83 constant dollars.

2. The institution universe was redefined to exclude 11 institutions that did not
have in 1984 the constant-dollar equivalent of $3 million in R&D expenditures
in 1980. This was done by adjusting (i.e., lowering) the estimation weights
associated with all instrument and department records obtained from the 12
smallest R&D institutions in the 1985-86 sample.

3. Comparisons involving the 1985-86 instrument sample excluded instruments
with 1982-83 constant-dollar prices under $10,000.
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SAMPLING ERRORS

The findings presented in this report are estimates based on stratified random
samples of university departments and of equipment within departments. Consequently, these
estimates are subject to sampling varizbility. If the questionnaires had been sent to different
samples, the responses would not have been identical; some estimates would have been higher,
while others would have been lower. In this section, attempts have been made to present estimates

of sampling variance for certain selected statistics.

With data collected as part of a complex sampling design, such as the one used in this
study, there is often no easy way to sroduce unbiased estimates of sampling variances. Since the
standard statistical packages (e.g., 5AS) assume a simple random sampling design, one cannot use
these packages to estimate the sampling variab lity associated with statistics of interest. If the
variance of descriptive statistics--such as means and proportions--is estimated using one of these
packages, then the resulting variances are usuilly too small. A class of techniques, called
replicated estimates of variance, has becr dev-ioped to provide a general method of estimating
variances for complex sampling designs. The basic idea behind the replication techniques is to use
portions (subsamples) of the sample to obtain different estimates of the statistics f interest. The
variation of the subsample estimates about the full sample estimate (i.e., the estimate based on the
entire sample) is used to measure sampling variances. Different ways of creating these subsamples

from the full sample yield different estimates of sampling variance.

The jackknife variance estimation is one of the general approaches to forming
subsamples from the full sample for estimating sampling variance. This method can be used in
sample desigas in which the population is first stratified and then a sample of primary sampling
units (PSU’s) is selected. The basic design assumed by the jackknife method is one in which the
population of PSU’s is grouped iiito L strata, and then two PSU’s are selected from each stratum.
A replicate is formed by randomly deleting one PSU from a sitle stratum. This process (i.e.,
randomly deleting one PSU from a single stratum) is repeated in turn for each stratum. Thus, if
there are L strata, then L replicates will be created. Furthermore, estimates of the statistics of
interest are obtained from each of these L replicates. The variation of the replicate estimates
around their corresponding full sample estimate is uscd to measure sampling variance of the

statistics of interest.
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Using the jackknife replication method described above, the sampling variability
associated with several statistics of interest was estimated. Tables G1 through G5 present the
sampling variance for various statistics selected to represent all combinations of three important
parameters: (a) the survey type, whether the instrument survey or the department survey; (b) the
type of estimate, whether a total, such a number of systems or aggregate cost, or a ratio, such as a
mean or a percentage; and (c) the survey year, whether the 1985-86 (update) survey or 1982-83
(baseline) survey.

Table G-1 exhibits the standard error (SE) of selected statistics for the instrument
survey. The estimated standard error of a statistic (a measurc of the variation due to sampling)
can be used to construct confidence intervals around the full sample estimate. If all possible
samples of a given size were surveyed under similar conditions, intervals of 1.965 standard errors
below to 1.965 standard errors above a particular estimate would include the average result of
these samples in approximately 95 percent of the cases. For example, for the estimated total
purchase price of all in-use academic research instrument systems in 1985, the 95 percent
confidence interval is $1,982 million + 1.965 times a standard error of $42 million. If the above
procedure were followed for every possible sample, about 95 percent of the intervals would include
the average number from all possible samples.

In order to compare the precision of estimates for a particular estimate in 1985-86
and 1982-83, both the standard error and the magnitude of the estimate have to be taken into
consideration. For example, the standard error for the total NSF funding of in-use research
equipment in 1985-86 is estimated to be $25 million, while the corresponding estimate for 1982-83
is $22 million. It would not be correct to conclude that the 1982-83 estimate is more precise than
the one for 1985-86, since the amount of NSF funding of in-use research equipment in 1985-86 is
considerably greater than the corresponding figure in 1982-83. To facilitate the comparisons of the
precision of estimates across the two survey years (i.e., 1985-86 and 1982-83), coefficients of
variation (CV's) of selected estimates have been presented in Table G-2. Table G-2 indicates that,
in general, the - timates for 1985-86 have smaller CV’s than the corresponding estimates in 1782-
83. This improvement in precision is an expected ccnsequence of improvements in the study’s
sampling design fro..a 1982-83 to 1985-86.

G-4 -i l(‘q)




Tables G-3 and G-4 present standard errors and CV’s selected estimates for the
department survey in 1985-86 and 1982-83. Table G-4 also shows that in general the estimates for
1985-86 have smaller CV’s than the corresponding estimates in 1982-83. Table G-5 presents the
standard errors and CV’s for selected trend statistics (i.e., percent change in number of in-use
research systems and in aggregate purchase price of in-use research systems). C>mparing these
CV’s to the ones shown in Table G-2, it may be seen that estimates of change from 1982-83 to
1985-86 in a given statistic are generally more precise than the estimates of the statistic itself in
either 1982-83 or 1985-86.




Table G-1. Standard error (SE) of gelected estimates: Equipment survey

Physica( Computer Biological
Jotal Engineering sciences science sciences

Estimate SE Estimate SE Estimate SE

Estimate SE Estimate SE

Estimates of Totals

Number of in-use systems

1985-86 53,000 - 9,300 1,088 12,300 822 2,200 303
1982-83 36,300 - 6,800 918 8,800 613 900

22,300 1,228
167 15,300 880

Aggregate pu-chase price
(dollars in millions)

1985-86 $1,982 842 $372 139 $543 $36
1982-83 $1,311  $32 $261 $32 $390

$100 $13 $643 $31

NSF funding of in-use
equipment (dollars in

millions)
1985-86 $306 $25 $38 $11 $139 $11 $26 $5 $51 $6
1982-83 $233 822 $35 $7 $118 $4

Estimated Ratios

Mean purchase price per
system (dol lars in thousands)

1985-86 $36.8 0.8 $40.1 $1.7 $44.1 $1.3
1982-83 $36.1 $0.9 $38.4 $2

$46.0 $2.7 $28.9 $0.8
.t $44.6 $1.8 $57.8 $5.7 $27.4 $0.7

Percent of in-use systems
that were acquired with
no Federal funding

1985-86 45% 2% 54% 6% 32% 2X 41% % 44% 2%
1982-83 40X 3% 47T% 7% 26%

Percent of in-use systems
that are less than 6 years

of age
1985-86 63% 1% 7% 3% 62% 1% 97% 1% S7T% 2%
1982-83 62% 2% 67% 3% 59%

Mean number of ysers

per system
1985-86 14.2 0.5 14.0 1.6 14.7 0.9 46.4 5.1 11.6 0.3
1982-83 13.9 0.7 13.0 0.9 15.4 1.2 48.6 15.5 11.4 0.3
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Table G-2. Coefficient of variation (CV) of selected estimates: Equipment survey

Physical Comguter Biological
Total Engineeri sciences science _sciences
Estimates of Totals
Number of in-use systems
1985-86 - 12% 7% 14X 6X
1982-83 - 14X 7% 19% 6%
Aggregate purchase price
1985-86 2% 1% 7% 13% 5%
1982-83 2% 12% 8% 17 6%
NSF funding of in-use
equipment
1985-86 8% 28% 8% 21X 13X
1982-83 9% 19% 10% 22% 12%
Estimated Ratios
Mean purchase price per
system
1985-86 2% 4% 3x 6% 3x
1982-33 2% 6% 4X 10X 3x
Percent of in-use systems
that were acquired with
no Federal funding
1985-86 5% 11X 7% 16% 5%
1982-83 7% 15% 9% 23% >
Percent of in-use systems
systems that are less
than 6 years of age
1985-86 1% 4% 2X 1% 3%
1982-83 3x 5% 4X 3% 5%
Mean number of users
per system
1985-86 4% 11% 6% 13% 2%
1982-83 5% 7% 8% 32X X
b IS
O l /U
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Table G-3. Standard error (SE) of selected oc*;mates:

Estimates of Totals

Annual expenditures for
research equipment
(dollars in millions)
1985-86
1982-83

Estimated Ratios

Percent of departments
reporting insufficient
equipment

1985-86

1982-83

Percent of departments
needing equipment in
$50,000-31 million range
1985-86
1982-83

O

RIC

Aruitoxt provided by Eic:

Jotal

Estimate

$687
$413

35%
36%

35%
26%

SE

$45
$23

2%

S I

Department survey

Engineering
Estimate SE
$164 LA Y4
$86 $13
50% 6%
50% ~
29% 33X
28% 4X
G-8

Physical Computer Biological
sciences science scierres
Estimate SE Estimate SE Estimate SE
$167 $20 $47 $7 $190 $15
$96 $9 $20 $5 $132 $13
32% 8% 446X 6% 28% 3%
40% 5% 45% 154 26% 4%
53% 4% 246% 6% 35% 4%
43% 4% 26% 7% 20% 4%
.
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Table G-4. Coefficient of variation (CV) of selected estimates: Department survey

Physical Computer Biological

Engineering s:iences science sciences

Estimates of Totals

Annual expenditures for
research equipment
1985-86
1982-83

Estimated Ratios

Percent of departments
reporting insufficient

equipment
1985-86 6% 11% 25% 14% 10%
1982-83 6% 7% 12% 34% 14%

Percent of departments

needing equipment in

$50,000-8$1 million range
1985-86 5% 10% 8% 26% 10%
1982-83 7% 16% 8% 25% 20%
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Table G-5. Standard error (SE) und! coefficient of variatiorn (CV) of sele-+ed trend statistics: Equipment file

Physicai Computer Biological
Tote’ Engineering sciences scienca sciences
Nunber of in-use research
systems:
1985-86 53,900 9,300 12,300 2,200 22,300
1985-86, inflatior. _ijusted 51,900 ~,800 12,000 2,700 21,800
1982-83 36,300 0,800 8,800 900 15,300
Percent chang. 43% 30% 33X 138% 42%
SE - 3x 2% 21X 2%
cv - 11X 5% 15% 4%
Aggregate purchase
price of in-use research
sstems:
1985-86 $1,981.6 $371.8 $543.0 $100.2 $643.4
1985-86, inflation-adjusted $1,882.5 $349.° $511.4 $93.1 $623.5
1982-83 $1,310.7 $261.3 $390.° $50.4 $420.3
Percent change 44% 34% 3% 85% 48%
SE 1% 3% 2% 10% =%
cv 1" %X 6% 12X 3%
Iv.
Q. G-10
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APPENDIX H

TRENDS IN NVJMBERS OF INSTITUTIONS




Table H-1. Trends in the number of institutions with $3,000,000 or more in S/E R&D expenditures
by field and institution type: National estimates, 1982-83 to 1985-86

Number of institutions
Field and 1985-86
(Mnstitution type 198832 Percent
Unadjusted Adjusted2 change”
X0 £ 247 266 255 3%
FIELD
Engineering......cccccoevevieceeeniceccecnneen. 155 174 163 5
ChemicCal.....ooooieeeeeeeeeeeeeeeeeeereeeecenen 155 174 163 i
CIVEL et 155 174 163 b
Electrical.......oooenevvemmieeieeieeeeeeenes 155 174 163 5
Mechanical.....cccooveevreesvneeneneeeenenn, 155 174 163 5
Metaiiurgical/materials.................. 155 174 163 )
(017,13 N WK 155 174 163 5
Agricultural sciences ...........ccccueen... 155 174 163 5
AZronomicC SCI€NCeS.......coevvvnuemruenns 155 174 163 5
Animal SCIeNCes......ccooeeeeveeerreerennnns 155 174 163 5
Naturzl resources management...... 155 174 163 5
Biological sciences.........ccccoceeveeemennn. 247 266 255 3
In medical schools.......ccccceuevvemeennes 92 92 92 0
In colleges/universities .................. 155 174 143 5
Computer SCIence ......ccoovevevevnnerrrrenens 155 174 163 5
Environmenta! sciences.................... 155 174 163 5
Materials SCi€nce.....c..ccccvverevvveveeerenn. 155 174 163 5
Physical sciences .......cccccvvveeveeeenne 155 174 163 5
ChemiStry .....cccooveeeeeeeeeereeeeeee e 155 174 163 5
Physics/astronomy........c...cocccvveennnn. 155 174 163 5
Interdisciplinary, n.e.C....ccceeueeeen. 155 174 163 5
INSTITUTION TYPE
Colleges/universities ..................... 155 174 163 5
| 34 S ) (T 51 56 51 0
| 411 2] F 2 104 118 112 8
Top 20 in R&D.....oovvveeeeeeveeeeens 20 20 20 0
Not in top 20..... vovvevveeeeieeeeeeeeeene 135 154 143 6
Medical schools..........cccvvveereevennnnnee 92 92 92 0

:In this analysis, the 92 medical schoois with $3,030,000 or more R&D expenditures are counted

as separate "institutions,” whether or not they are affilitaced with larger universities.
y

2¢

Estimates are adjusted for inflation. F .r procedure, see Appendix F.

3lncludes the top 20 medical schools and the top 20 cc .eges/universities, exclusive of their

medical schools.
SOURCE: National Science Found~tion, SRS
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