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HIGHLIGHTS
This monograph is one in a serkis of analytical reports presenting findings from the National Science

Foundation's 1989-90 National Survey of Academic Research Instruments and Instrwnentation Needs. It
describes recent national trends in academic research equipment and equipment needs in the fields of computer
science and engineering. It also documents equipment trends in central academic computing facilities. The
data were obtained from a sample of 55 universities statistically selected to represent all institutions with annual
science/engineering R&D expenditures of $3 million or mm.e. The analysis compares data obtained in 1989 to
similar data collected from the same institutions in 1986 and 1983. Information about current needs and
priorities refers to the year the survey was conducted; information about equipment amounts and expenditures
refers to the year prior to the survey (i.e., 1988, 1985, and 1982). The study is limited to research equipment
originally costing $10,000 or more per system.

COMPUTER SCIENCE

Annual Equipment Purchases. The period from 1982 to 1985 saw a proliferation of computer science
departments and a marked increase in annual research equipment purchases, from S20 million in 1982 to
$49 million in 1985. Research equipment purchases in 1988 leveled off to $45 million, slightly below the
1985 figure.

Accumulated Total Amount of Equipment. The aggregate purchase price of all in-use research
equipment in computer science more than doubled from 1982 ($50 million) to 1985 ($114 million). By
the end of 1988, the accumulated total had increased further, to $168 million. The 1985-88 increase was
a comparatively modest 47 percent, after adjustment for inflation, reflecting the recent stabilization in
annual equipment purchases.

Perceptions. Despite the slowed rate of equipment gromh, three-fourths of all computer science
department heads reported net increases in their amounts of research equipment in the 1986-89 period,
and the percentage reporting that their researchers cannot perform critical experiments in their areas of
interest due to inadequate equipment declined from 92 percent in 1983 to 59 percent in 1989. However,
85 percent of computer science department heads also reported that their instrumentation needs had
increased over the 1986-89 period.

Types of Equipment. In computer science, the greatest powth in the 1985-88 period was seen for
equipment at the lower end of the studys price range. Specifically, networks and single-user
workstations in the $10,000 to $49,999 range grew from 27 percent of the total 1985 investment to 35
percent by 1988. Overall, equipment systems costing $10,000 to $99,999 accounted for 62 percent of the
aggregate investment in 1988, up from 51 percent in 1985.

Funding Sources. Despite the growing prominence of single-user systems and networks at the lower
end of the price spectrum, Federal funding support became increasingly focused on large systems. Thus,
although the overall Federal share of the funding for computer science research equipment declined
from 1985 (53 percent) to 1988 (42 percent), the Federal share for equipment in the $400,000 to
$999,999 range increased markedly, from 23 percent in 1985 to 58 percent in 1988. The Department of
Defense and NSF were the principal providers of this Federal support.

Needs. This growing Federal focus on providing financial support for relatively high cost computer
science research equipment seems consistent with the wishes of the user community. The percentage of
computer science department heads who recommended that increased Federal support bc concentrated
on equipment in the $50,000 and over range grew from 24 percent in 1986 to 58 percent in 1989.
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ACADEMIC COMPUUR CENTERS

Scope. Most colleges and universities have * single, general-purpose academic computer center that is
used at least partly kn. research. A few also have computer centers that are dedicated entirely to
research use. Additionally, five NSF National Supercomputer Centers, which provick further computing
resources for academic scktntists and engineers, were in operation by the end of 1988.

Total Amount of Equipsimit. The aggregate purchase price of the equipment in these central
computing facilities more than doubled from 1982 ($423 million) to 1985 ($877 million). It grew at a
slower pace over the next three years, bumming to $1.3 !Arlon by the end of 1988, an inflation-adjusted
increase of 37 percent from 1985 to 1988. Much of the overall grryith from 1985 to 1988 was due to the
NSF National Supercomputer Centers program, which expanded irom $16 million of on-line equipment
in 1985 to $247 million in 1988. During the same period, other academic computer centers grew only 13
percent.

ENGINEERING

Annual Equipment Purchases. Controlling for inflation, annual purchases of engineering research
equipment increased by 33 percent from 1985 ($174 million) to 1988 ($251 million). Similar growth
occurred during the previous three-year period.

Accumulated Total Amount of Equipnant. The aggregate purchase price of all in-use engineering
research equipment increased by 86 percent, in constant dollars, from 1985 ($435 million) to 1988 ($884
million).

Suhflelds. Electrical engineering was the subficld with the largest amount of research equipment in
1988 ($249 million), and it had a relatively high rate of growth from 1985 (102 percent). Materials
engineering (including materials science) was the second-largest subfield ($189 million), and k too had a
high growth rate from 1985 to 1988 (120 percent). The other major engineering subfields had smaller
amounts of research equipment and lower instrumentation growth rates during this period (56-76
percent).

Types of Equipment. Computers and related equipment accounted for one-third (33 percent) of the
total instrumentation investment in engineering they constituted nearly half of the equipment
investment in electrical engineering (49 percent).

Perceptions. More often than not, heads of engineering departments reported improvements over the
last three years in the amount (69 percent of departments) and overall adequacy (51 percent) of their
research equipment. On the othes hand, 80 percent reported that their instrumentation needs have
increased MP' the last three years, and 70 percent still reported that there are important research areas
where investigators in their department are unable to perform critical experiments due to lack of needed
equipment.

Sources of Funds. Federal funding support accounted for 38 percent of the total 1988 investment in
engineering research equipment, down scenewhat from 45 percent in 1982; on the other hand, the share
contributed by state government appropriations increased from 5 percent in 1982 to 15 percent in 1988.
Most other funding sources maintained stable funding shares over this period.

Federal Focus. Federal funding support increased most rapidly for relatively high-cost equipment. For
engineering research equipment in the $400,000 to $999.999 range, the Federal funding share grew from
29 percent in 1985 to 50 percent in 1988.

Needs. The perceived need for Federal instrumentation suppcd among engineering depanment heads
exleited similar shift. In 1986, only 24 percent recommended equipment costing $50,000 or more as
the principal area needing increased Federal support; by 1989, this figure had increased to 58 percent.



Background and Statement of Limitations

The data in this report come from the National
Survey of Acadunic Re:catch Instnanents and
Instrumentadm Needs. This triennial survey program
is conducted by the National Science Foundation
(NSF), with major support from the National
Institutes of Health (NIH). It is designed to monitor
emerging instrumentation needs and trends in the
amounts, costs, and characteristics of academic
research equipment in selected science/engineering
(S/E) fields. The survey orogram was undertaken in
response to a Congressicmal directive to 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."

The most recent data were collected in 1989 from a
sample of engineering departments and research
xnters and from all computer science departments
and academic computer centers at a sample of 55
universities and colleges statistically selected to
represent the 174 largest R&D-performing
institutions in the nation. The sampled institutions
are listed in Appendix A. The universe this sample
represents consists of those universities and colleges
with reported nonmedical S/E R&D expenditures of
$3 million or more in Fiscal Year 1984, which
collectively represented 90 percent of all FY 1984
nonmedical academic S/E R&D expenditures.2

The 55 sampled institutions contained a total of 3%
eligible engineering departments and research
centers in 1989, from which a stratified probability
sample of 281 was selected. These institutions also
contained 56 eligible computer science departments
and facilities and 62 computer centers, all of which
were included. The heads of these departments and
centers were asked to complete a department
questionnaire concerning their expenditures,
priorities, and needs for research equipment.
Computer center administrators were also asked to
complete a brief questionnaire about the age, tYPe,
and dollar amount of equipment in their centers.

IAn Act To Authorize Appropriations for Acthities for the
National Science Foundation for Fiscal Year 1980, and for
Other Purposes. Public Law 9644, Section 7.

2Aciatintkilliffiftagasinatins.13AILawkilatiariffda
RgailltaitsticalIMI NW, MI

In oddities, samples of existing research equipment
were selected in each surveyed engineering and
computer science department and research center,
and the respensible principal investigator was asked
to complete L. brief data form concerning each
instrument's cost, age, condition, etc. The equipment
sample was selected to represent all instniment
systems originally costing $10,000 or more that were
used for S/E research at any time in 1988. The
resulting data were statistically weighted to represent
all such equipment at all institutions represented in
the suivey. All of the data shown in this report are in
the form of national estimates developed from these
samples. As estimates, they are subject to variability
due to sampling error. Estimates of the sampling
errors associated with the survey statistics, and
additional information about details of the study's
sample design and data collection instruments and
procedures, are available upon request from NSF.
Detailed statistical tables, from ,vhich the information
presented in this report was distilled, are also
available upon request.'

All 55 sampled institutions participated in the 1989
survey, and data Were obtained from all of the 62
computer centers at these institutions. Usable
questionnaire responses were obtained from heads of
302 of the 337 surveyed engineering and computer
science departments and research centers (90
percent) and about 3,408 of the 3,954 sampled
research instruments in these departments/centers
(86 percent).

Findings from the current (1989) survey are
compared to those from similar surveys conducted in
1986 and 1983 to examine trends over the three-year
intervals between surveys:* In all three surveys,
information about current equipment needs and
priorities was obtained with reference to the year the
survey was conducted; information about equipment
amounts and expenditures refers to the year prior to
the survey (i.e., 1983, 1985, and 1982, respectively).

3For further information, contact Dr. Eileen Collins at NSF/SRS,
(202) 6344655.

4For a detailed presentation of fmdinp from these earlier studies,
sec: National Science Foundation, asadinik_learck
kapinntent in Selected Seimen/Engineering Fkldv 1982-83 to
Ism, Su !SDI, lune HS&
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In each of the three subject areas examined
(computer science, academic computer centers, and
engineering), this report first &scats current status
and recent trends in existing and needed research
equipment. For engineering and cmnputer science, it
then presents statistical profiks contrasting the 20
largest (and, presumably, best-equipped) R&D-
performing institutions in the field to institutions with
smaller research programs in that field on various
indices of the average current amount, composition,
and adequacy of their research equipment These
profiles are intended to: (a) descrilx the kinds and
amounts of equipment that arc to bc fouml at the
best-equipped academic research programs in the
nation, and (b) assess how the equipment situations
of the institutions with smaller research programs
compare to those of the best-equipped institutions.

Throughout this report, there are many references to
percent change in equipment dollar amounts from
1985 to 1988. All such "percent change' figures are
adjusted for inflation, based on U.S. Bureau of Labor
Statistics Producer Price Indices for equipment-
related products.
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Computer Science

The 174 institutions represented in this survey
contained an estimated 147 computer science
departments and facilitks with at least one research
instrument system costing $10,000 or num. This
does not include academic computer centers, which
are discussed separately.

Annual Expenditures

Substantial growth occurred in college/university
computer science departments from 1982 to 1985.
During that period, many new departments were
created, total R&D eseenditures grew from $148
million to $281 million, and annual purchases of
research equipment more than doubled, from $20
million in 1982 to $49 million in 1985 (Table 1).6
From 1985 to 1988, the number of complier science
departments and facilities remp;ned stable, the rate
of growth in overall R&D spending slowed,7 and
research equipment purchases declined slightly, to
$45 million in 1988. This levelling off of equipment
purchases may reflect a general stabilization in the
faze of the field, decreasing unit costs of much
cmnputing equipment, increasing reliance on large
supercomputer centers for much computer science
research (central computer centers are discussed
later in al: report, and are not included here), and
other factors.

Total expenditures for maintenance and repair of
computer science research equipment, after more
than doubling from $6 million in 1982 to $16 million
in 1985, remained relatively stable at $17 million in
1988. Nevertheless, a shift appeared in the relative
propmtions of experditures devoted to outside
maintenance (service contracts and field service) as
compared to maintenance by institution personnel --
the two categories WCT0 about equal in 1985, but by
1988 expenditures for service contracts and field
service grew to account for about 70 percent of all
maintenance and repair expenditures.

Slational Sao= Foundation, 6agsmtiansiguingini
MILEssisLiwiLDar_12111 NSF 89426, Wadtialltno,
1990, p. 17.

6AU stetieties eamorning annual equipment-related expenditures
mkt to expenditures for purism or operation at
ocelexpendoble reeeetth equipment casting ow or team pet
unit.

7/45F
89-336, p. 17.

Tate 1. Trends In squipmenkshead annul sagssmilhass
computer Mono espalmente 111824111

Typo al

expmeturs 19112 1916 19118

len$101191

Equipment purchases $20 $49 $45

Maktananca and raper 9 111 17

Swims contracts & Said
swam 12

Other faalanes, 19019, We.). ..... 7 6

Operation cl moserch aquipman1 15
Tschnician salaries 12
Other tat. supplies) 3

Note Dobai may nal add to blab became at mundIng

SOURCE: Penonal Seance Foundation, MS

Expenditures for the operation of computer science
research equipment were ascertained for the first
time in the 1989 survey. These costs, which totaled
$15 million, include an estimated $12 million few
technician salaries and $3 million for supplies, power,
and other operating eaNnses. When combined with
the $17 million in anaual maintenance/repair costs,
the annual cost of maintaining lodging research
equipment in computcr scienr; is almog as great as
the annual expenditures for purchase of new research
equipment $32 million versus $45 million.

Inventory Size and Composition

The aggregate purchase price of all in-use computer
science research equipment in the $10,000 and above
range more than doubled from 1982 ($50 million) to
1985 ($114 million), as did annual equipment
purchases. However, in contrast to the flattening-out
that occurred in annul purchases from 1985 to 1988,
the accumulated national stock of computer science
research equipment continued to grow over this
period, though at a reduced pace. By the end of
1988, there was $168 million in such equipment, an
inflation-adjusted increase of 43 percent since 1985
(Table 2).

13



Table 2. Aggregate pischese pace of acestembe research equipment
costing $10,000 or mare per system in computer science
deperlmeda by coal new, location and type, 1965-88

Equipment amnion

pfICO, MO typ
1988

(mations)

Total $114 9168

Department
Nandepwtmentai research corner
Other

Pnce range

101 127
12 34

1 7

(percent GI total price)

810.00849,999 35 38
S50,00019,999 16 24

$100,000-399,999 32 27
5400,000-999,999 13 9
11 million or more 5 2

Type ot equipment
Computer system canting 8200K. 25 21

(Sanq computer system costing
$504199K, mid peripherals 39 39

Single-user tolan= (810-849K)
and networks 27 35

GrepNce/CAD/imeging equipment 5 3
Other 4 2

Note: Details may not add to totals because al rounding.

SOURCE: National Science Foundation, SRS

Most of this equipment was located in traditional
academic departments ($127 million, or 76 percent),
although a significant -- and growing amount
($34 million, or 20 percent) was found in specialized
nondepartmental research centers.

In 1985, 51 percent of the total investment
represented by all in-use computer science research
equipment was concentrated in equipment systems
costing less than $100,000 (Table 2). By 1988, this
percentage had risen to 62 percent. To some slight
extent, this trend may reflect price reductions for
computing equipment. It also indicates a growing
prominence in computer science departments of
personal computers and other computinj equipment
at the low end of the survey price range.* Single-user
workstations and networks, which accounted for 27
percent of the investment represented by the 1985
stock of in-use computer SeitOce research equipment,
grew to 35 percent of the 1988 stock.

8Bocause this analysis is based on defining specific price Tants,
no inflation adjustments were used in calculating these
estimates.

Department Assessments

The heads of many computer science
departments/facilities reported recent qualitative
improvements in their research equipment and
support services. When asked to assess the capability
of existing equipment to enable faculty investiptors
to pursue their major research interests, 28 percent of
department Leath in 1989 descrillied their capability
as ercelient, crnared with 13 percent in 1986 and
only 2 percent in 1983 (Figure 1). However,
39 percent still viewed their equipment as insufficient,
a relatively modest change from the 45 percent in
1983.

Figure 1. Computer science department heads'
assessments of the capability of existing
equipment to enable faculty Invesdgators
to pursuP their major research interests:
1933, 1936 and 1939

Excellent
Ela Adequate

Insuffician

2%

1983 1986 1989

NOTE: Perormagas may am sma WO because of =Wing.
Same: NaMmat Sae= Faundatiaa, SRS

Besides providing an overall evaluation of the
equipment in their departments, department heads
were asked specifically to describe changes from 1986
to 1989 in the amount and adequacy of their research
equipment. Threc-fourths of the computer science
department heads reported either a substantial
increase (i.e., more than a 50-percent increase in
aggregate cost) in their amount of research
equipment over this three-year period (31 percent of
departments) or an increase of 10-49 percent in
aggregate cost (44 percent; Table 3). Improvements
in the general adequacy of their research equipment
were also reported by 58 percent of computer science
department heads, while declines were reported by
only 14 percent.

4
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Table 3 Compute, science depainent heeds' misemmants vi
mail changes m equipment amount and adequecy, 19119

Devilment heads' assemensed
Percent of

depelmills

Toil 100

Change in amourd al usable research
equipment 1 lest 3 years

increased sutistannally (more
Sem 50%)

increeeed
Remained the same MIMM 10%) .......
Difeesed.
Demised subilantially (more

Man 50%)

Change in adequacy of research
equipment in last 3 yews

avand
Ramified the same
Declined.

31

17

56
213

14

Note: Percentage - may not add to 100 become of rounding.

SOURCE: Nelms' Science Foimidion, SRS

Sources of Inventory Funding

Over the period 1982 to 1988, sources of equipment
funding support for computer science departments
ave remained fairly stable (Table 4). In 1988,

federal funding accounted for slightly less than half
of the aggrepte dollar amount of all in-me research
equipment in the $10,000 to $1 million range
(42 percent), with the Department of Defense
(n percent of the total) and NSF (17 percent) being
the principal Federal fumling agencies. Non-Federal
equipment funding support has come primarily from
private/industry sources (29 percent in 1988) and
from internal institution funds (24 percent).

Recent Federal funding has been most important fix
systems costing S400,000 to $999,999, where the
percentage of investment supOied by the Federal
government increased from 23 percent in 1985 to
58 percent in 1988 (Table 4). The Federal share for
au other cost ranges declined.

While the general trend was for the awegate
amount of both Federal and non-Federal funding to
increase from 1985 to 1988, reported increases were
not evenly distauted across departments. Thus, only
35 percent of computer science department heads'
reported an increase in Federal equipment funding,
and 33 percent reported an increase from industry
(Figure 2).

Table 4. Sources of funds for aoquielean of compeer science

resierch equipment 19112-58

Source at funds 1962 toss

Toil Melons Cl dollars) $50 $119)

Ipercent)

Federal sources 44 in 42

10E- 22 29 17

101 1 1 1

Depeitimi of Diem. 19 20 22

Deportment of Energy. 1 1 1

Other 2 2 1

Non-Faciend sources 55 47 65

ineMulion ..... 23 21 24

Stets government. 10 3 3
29 22 29

Other 1 I 2

Federal point al total hiding
1110,00049,999. 61 48

72 41

$106,00041111,996 48 20

6400,00041119,MW 23 M

Nati Ron:whim may nal add to 100 basunot miin

SOURCE: National Saimaa Foundation, 3RS
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Equipment Needs and Priorities

In 1989, the great majority of computer science
department heads' (85 percent) reported that the
instrumentation needs of their research programs
have increased over the last three years because of
expanding staff, growing research programs, or other
factors. No department heads said their
instrumentation needs have declined.

Despite departments' generally increasing equipment
needs, there is some evidence to suggest that the gap
between needed and available equipment may be
narrowing at some computer science departments. In
1983, 93 percent of all computer science department
heads reported that their researchers could not
perform critical experiments in their areas of greatest
interest due to the lack of needed equipment. By
1989, that number had declined markedly, to
59 percent, though it still represented a majority of
departments.

It was noted earlier that, although the greatest recent
increases in investment have been for equipment at
the low end of the study cost range (i.e., equipment in
the $10,000 to $99,999 range), Federal support has
become increasingly focused on relatively 'big ticker
equipment. Apparently, this focus is congruent with
department needs. In 1989, over half of the computer
science department heads (58 percent) said that
increased Federal funding for equipment would be
most beneficial for equipment in the $50,000 and
above range, a marked increase over the 24 percent
reporting this opinion in 1986 and the 26 percent in
1983 (Table 5).

Table 5. Department heads' assessments of Where increased
Federal funding would be most beneficial In COMM
science, by cost range, 198349

Cost tango I 1909 1 19011 1999

Systems over $i minion

(percent)

7
Systems in $50,00041 minion range 26 24 51
Systems in 510,000450.000 =00 74 99 41
Enhancement of general lab equipment

(generany less than $10,000) o 3
Other systems

Note: Percentages may nol add to 100 biome of rounding

SOURCE: National Science Foundation, SRS

To better identify department needs, each
department head was asked to describe and estimate
the cost of the three top-priority research instrument

needs of his or her department. Aggregating all of
the responses, large computer systems costing
$200,000 or more accounted for nearly half
(45 percent) of the aggregate dollar amount of this
most-needed equipment (Figure 3). At the other end
of the price spectrum, single-user workstations
($10,000 to $49,999) and networks accounted for the
second largest share of the total (19 percent).9

Most of the desired equipment (56 percent of
aggregate price), was needed to upgrade
departmental capabilities (i.e., to perform
experiments that could nc4 be done with existing
equipment). Otkr equipment was needed to expand
current capacity by providing more copies of already
existing equipment (26 percent), or to replace an
existing instrument (18 percent).

Institution Profiles

This section contrasts the 20 largest computer science
research programs, in terms of 1988 R&D
expenditures, to institutions with smaller research
programs in this field on measures of average
program size and composition. The heads of the 20
largest computer science programs reported mean
R&D expenditures of $14 million per institution in

91nstitutiona often indicate needs for multiple copies of such
equipment (e.g., $125,000 for S workstations at $25,0110 each)



this field in 1988, and these institutions collectively
accounted for 69 porcent of all computer science
R&D expenditures.°

As would be expected, the largest R&D performers
have highes average annual expenditures for purchase
of computer science research equipment than do
institutions with smaller computer science research
programs ($785,000 versus $259,000; Table 6), as well

Table 6. Program tharactenstics, annual expenditures ad
percepOons In computer SCSIMOL by size of research
program, 1988-89

SWIM

Institution R&D rank

in computer science

20 imps! 1 Other

AYERAG E PROGRAM CHARACTERISTICS

Mean ni). Mame tawny researchers 23.3 11.8
Mean no. Ph.D.s awarded ast year 8.2 2.4

MEAN ANNUAL EXPENDITURES PER
amauTios

Reward) equipment purchases $785,000 $259,000

Maintenance/repair of research equip 273,000 98,000
Sante contracts & field service 195,000 71.000
Other (saleries. toots. dc.) 70.000 27,000

Operation of resedch equipment 282.000 84,000
Technicim salaries 20500 68,000
Other fag., supplies) 77,000 15,000

PERCEPTIONS (percent of depaMbeds)

Current amount of research equipmed
insuffided 0% 44%

Department's reseerch equIpment
hoe increased subdulially
(50%+) In pad 3 years.. 48 29

The adequacy of itie department%
research equipment has improved
d past 3 years so 58

Federal equipment "wood has
Wormed In pest 3 yews._ 48 19

*Sneed on InalSdions' FY1988 R&D aripendlures in computer edema

SOURCE *dad Science Foundetion, IRS

as a much larger average dollar amount of in-use
research equipment 04,895,000 versus S35,000;
Table 7). In addition to thrie expected absolute
differences in program size, many (the: differences
between the twv institution categcsies were found.

WNSF 89-326, p. 125.

Oa average, at the 20 largest computer science
institutions:

a A much larger proportion of the current
research equipment investment was located
outside traditional academic departments, in
specialized nondepartmental research centers
(43 percent versus 3 percent; Table 7);

Thble 7. ChdaderlsOce ci computer science research equipment by
stm of research program, 1988

Characteristic

katitidon R&D rank

in computer same

20 largest Other

Mew dolor mount
of computer science
research equipment
per In:Mutton $41,895000 $736000

Location (percent of total)
Depolment 57% 97 %
tfoodePoltinental research COIN 43 3

System price rings e*Ment of WM)
$10,000449.000 41 35

$50000499999 31 19

$100,000-$399,999. 14 36

$4000004999,999 9 9
111 maim or mom 0

OTHER INDICES

Mean $ amount of mean* equ(pment
per fullame faculty researcher..... ..... $188.000 $82.000

Mean $ amount of issowth equtpment
pm doctoral degree award kat year 6567.000 $309000

Mean number of nwearch users per
totem in 1988 34.6 30.3

1988 maintenance/war expendieres
per $1,000 of iserata equipment $41 64 $87.33

Medd on InedullonW FY19116 R&D eXpendiums in compuler science.

NOTE: Povedeues not add to 100 became ofmay rounding.

SOURCE Netkmal Sclenoe Fkamddlon, SRC

A larger proportion of the current equirnent
investment was conamtrated in items and
systems costing goila $100,000 (72 percent
versus 54 percent; Table 7);

A smaller proportion of the current
equipment investment was acquired in the last
three wars (52 percent versus 62 percent;

17
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Figure 4):



A much smaller proportion of the current
equipment inveament was for equipment used
for both research and instniction, as opposed
to research only (29 percent versus 62 percen4
Figure 4);

The average amount /..4 equipment per faculty
researcher was larger ($198,000 vas=
$62,000), btu so was the average level of
research usage per system (35 users per
system per year versus 30; Tabh, 7); and

Average annual maintenance/repair
expenditures per $1,000 of in-use research
equipment were lower ($41 vinsus $67; Table
7).

With rasped to perceptioos, heads of computer
science departments at the 20 larva R&D
institufions were less likely to say their equipment
was instfficient (no departments, compared with
44 percent at other institutions; Table 6). Computer
science department heads at the Wrist institutions
also gave more favorable evaluatkas of changes that
had occurred over the last three years. For example,
they were more Wiely to say the amount of research
equipment had indeased more than 50 percent
(48 percent, compared with 29 percent). Not all
evaluations of change were favorable, however.
Department beads at the largest institutions were
more likely to report a decrease in Federal
equipment support (46 percent) than those at other
institutions (19 percent).

8
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Academic Computer Centers

Tin foregoing analysis of =sputa science research
equipment did not include equipment located in
institutions' central mainframe computer facilities. In
1988, the 174 research-performing institutions
represented in this survey contained au estimated 179
such centers, about one per institution. These
facilities provide an important equipment resource
for research iv the field of computer science, and in
other fields as well. Trends in the kinds and amounts
of equipment in such computer centers are
summarized in tLis section.

The data include information for five large NSF-
funded supercomputer centers, which are newer and
larger than most other academic computer centers
and are discussed separately.

Annual Expenditures

In 1988, academic computer miters purchased a total
of $187 million of computing equipment (Table 8).
Of this, $19 million was spent at the five NSF super-computer.centers for an average of about $4 million
per center. Other academic computer centers
purchased $168 million of computing equipment for
an average of about $1 million per computer center.

Table 8. Equipmedmiated annual went:Mures in computer
centers, 1808

'Ned co
IlaperidOUNI

Total

NSF

sups-
computer

centers

OMer

computer
csnINS

MON*
Equipment purchases $187 $18 $188

Maintenunce and masa 84 7 Tr
Service contracts a add

ways .......... ......... 82 4 sa
Other palaries, Nob, etc.) 3 19

Operation of resserch 280 30 220
Tedmidan diedes..... ..... 158 12 144
Mar (1g., supplies) ........... 94 18 79

SOURCE Masud Science Foundation, SRS

In 1988, an estimated $84 million was spent for
maintenance and repair of equipment at academic
computer centers. As with computer science

equipment, about three-fourths of these expenditures
were on service contracts and field service.

Operation of ccunputer =ter equipment required an
a iditional $250 million in 1988. Thus, unlilie
computer science, more funds were spent on the
operation of existing equipment at computrr renters
than on the purchase of additional ryment.

Inventory Size stad Composition

As also happened for computer science research
equipment, the aggregate dollar amount of in-use
research equipment at &endemic computer centers
more than doubled from 1982 ($423 million) to 1985
($877 million) and then grew at a !ma rate from
1985 to 1988, increasing by an inflation sdiusted
37 percent, to $1.3 billion (Table 9).

Tatse 9. nogniqate purchase price of ..csdernic research equipment
codho 810,000 or more per nstem d computer centers, by
type ca computer center, 1885418

Type of computer ostler 11N15

(millions)

ToUS $877 $1,258

NSF supercomputer centers ...... ...... 18 247
Mgr computer maim S81 1,008

SOURCE National Science Foundation. SRS

Much of the overall dollar growth in academic
computer centers in 1985-88 was due to an expansion
of the NSF supercomputer program, which grew
from $16 million of on-line equipment in 1985 to $247
million in 1988. Although several other institutions
replaced their existing mainframes with more
powcrful systems in the supercomputer range during
this period, the aggrqate dollar amount of
equipment in non-NSF academie computer centers
grew only slightly, from $861 million in 1983 to $1.006
billion, an inaease of 13 percent after adjustmait for
inflation. Thus, it appears that, while there has been
rapid growth both in very large computer centers
(those in the supercomputer range) aix1 in
decentralized compvting equipment (department-
based persimal cow outer: and minis), midrange
central computer miners are playing an increasingly
ambivalent role in academk research.

91 9



Assessments

The heads of three (60 percent) of the NSF
supercomputer centers &scribed their equipment
capabilities as excellent, and none said their
equipment was insufficient for research (Table 10).
In contrast, only 17 percent of the directors at other
academic computer centers repoged excellent
equipment capkbilities, and 31 percent described
their equipment as insufficiunt to meet their research
needs.

Table 10. Computer center directors' essenments ci Meir equipment
and support senrices, 1989

Total

NSF

super-

COMM

Mar
computer
centers

(pement)

TOW I A 100 100

Capabilly lo WNW MOM 111$0811;11
Interests

Excellent 1$ GO 17
Adequate 62 40 62
Insufficient ao 0 31

Chwicar In amount of usable
research equipment In NM
3 yews

Increased substantially
Onors than 50%) 25 80 23

incimased se 0 37
Remained the same

talMin 10%). 30 20 31

Demme& 0 9
Decreased subsianfialy

pnone than ..... 0 0 0

Change in adequacy cf reararch
equipment In NW 3 yews

bumped 49 80 48
nwm°"banW MO NM 35 25 36
Declined 16 0 18

Percentapes may not add to 100 Name of rounding.

SOURCE: National Science Foundelon, SRS

Computer center directors were asked to describe
how the amount and adequacy of their research
equipment had changed in the last three years.
Consistent with the inventory trend data reported
earlier, four (SO percent) of the NSF computer center
&rectors reported substantial increases in their
amount of usable research equipment, i.e., increases
of more than 50 percent in aggregate value in the lag

three years (Table 10). Substantial increases were
also reported by 23 percent of the directors of other
computer centers; an addition! 37 percent of other
computer center directors reported equipment
increases in the 10-50 percent range. Improvements
in the overall adequacy of their equipment were
reported by four (80 percent) ci the NSF
supercomputer center &rectors and by half (48
percent) of other computer center directors. No NSF
supercomputer center drachms and only one-sixth of
other computer center &rectors (16 percent)
reported a decline in the wiequacy of their research
equipment.

Equipment Needs and Priorities

Almost two-thirds (64 percent) of computer mutes
directors repczted that researchers were unable to
perform critical experiments due to a lack of needed
equipment (Table 11).

Like departments of computer science, computer
centers also generally experienced increased
instrumentation needs over the last three years: this
was true for all five NSF supercomputer centen and
for three-fourths of other supercomputer and
computer centers. All of the NSF supercomputer
center directors indicated that increased Federal
funding would be most beneficial when applied to
systems over $1 million, as did 52 percent of other
computer center directors.

10
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Ups 11. Compulof ooftfor dkodors ossiooments ci oquipenont
mods end Oodles, 1280

Asoossinord Total

feiF
stupor-

computer
confers

Mir
COMpUW

mhos

Cannot do OS* oopofhnofds
(perm*

duo to lock of needed equipment 84 80 Of

Chingos in inotnononlation mods
11188-89

Incroand 78 100 75
Romainod Ols some 20 0
Deasesed. 4 0 4

Ms whom incnionod funding would
be niod Oonoeclol

Syisms11miL.i 54 100 62
Systems In 150,00041 mHNon

range ........... 30 0 31
Systeme In S10,000-550,000 rings 13 0 13
Memnon, of wont lab

',guinea (gonsfany IOU
0101610.000) 2 0 2

Other system- 1 0 2

SOURCE: Notional Wino* Foundation, SRS
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Engineering

In 1988, the 174 institutions represented in this survey
contained an estimated 942 engineering departments
and research fealties with at least one item of
research equipment costing $10,000 or MOM. In
addition, they contained an estimated 16 engineering
msupersysteme large, self-contained research
systems outside the department structure, often with
large amounts of nonmovable tquipment, and usually
costing several million dollars (e.g., very large wind
tunnels, acoustic test facilities, towing tanks, magnet
labs).

Annual Expenditures

After increasing by $78 million from 1982 ($96
million) to 1985 ($174 million), annual purchases of
engineering research equipment increased an
additional $77 million in 1988 to a total of
$251 million, an inflation-adjusted increase of 33
percent (Table 12).11 Thus, engineering was unlike
computez science in that it maintained a steady,
nearly linear growth in equipment expenditures over
the entire 1982-88 period. This is consistent with
trends in the overall level of eneneering R&D
expenditures, which had a similar rate of growth,
from $1,4 billion in 1985 to $2.1 bill= in 1988.12 In
both years, instrumentation purchases accounted for
about 12 percent of total R&D expenditures in
efilljnecrinfe

Among the major subfields of engineering, electrical
engineering purchased the largest amount of research
equipment in 1988 ($61 million), accounting for
24 percent of the engineering total. However,
equipment expenditures grew at faster rates from
1985 to 1988 for materials engineerine (up an
inflation-adjusted 41 percent to $41 million) and
mechanical engineering (up 31 percent to
$32 million) than for electrical engineering (up

"This does not include Ibe 16 engineering supersysteass, Mikis
purchmed an additional $3 million in rewards equipment in
19. Information la not avalleble about pmvious spending
lemds xi these insmllaticmx

137+18F 89-326, p. 17.

13As used bele, 'materials engineering* includes materials science
research fadlides, departments of nisteriab science and
engineering, and departments of cessmk, asterials,
metallurgical, mining, and petroleum engineming.

19 percent). Expenditures in chemical and civil
engineering remained relatively stable.

Table 12. Tan m equipment-mided annual expendlkne
engdneedna 1222-20

1We al
expendium 1222 1255 1065

pekoe)
Equipment purdunes, told ..... - UV 2174 11251

Secidad 31 47 II
kledanieel- a 23 22
61dedits. 17 27 41

17 17
ChM 11 12 14
Caw 10 49 115

Supereydena 3

Meinlenencs and recieir 21 33 36
Sento weeds

feed meow 13 15
(arimina boa, alc.) .... 20 23

Opwilion meeerc)
a:14mM se
Techniden saledes. 73
MN *Si IMM1101.1 15

Noir Dela% mpg not add lo telle Deems el rounding.

SOURM Nalonel &Map Foundation, SRS

Expenditures for maintenance awl repair of research
equipment increased modestly from in milli= in
1985 to $38 million in 1988, following a much larger
increase from $21 million in 1982 (Table U). Unlike
computer science and computer centers, engineering
departments went lest on outside maintenance/
repair (service contracts and field service) than on
institution-provided maintenance/repair ($15 million
versus $23 million) in 1988. A total of $88 million
was spent on the operation of research equipment in
engineering in 1988, of which $73 million (83 percent)
was devoted to technician salaries.

Inventory Size and Composition

From 1982 to 1985, the aggrepte purchase price of
all in-use engineering research equipment in the
$10,000 to $1 million range increased from $295
malice to $435 million. Over the fedlowing three
years, from 1985 to 1988, the amount of equipment in
this cost range fgew at an even faster pace, nearly

13
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doubling to $828 million, an inflation-adjusted
increase of 86 percent (Table 13). This is about twice
the rate of growth that was seen for instrumentation
in computer science (43 percent) and computer
centers (37 percent) over this same period.

Table 13. Aggregde purchase price of academic mearai equipment
meting 510,000 or more par system in engineering, by
newt imam, and price range 198648

Eng Mewing equipment sublield,
location. and pace

1986 1988

(melons)

Total, swept supersysteme $482 $884

Systems costing $10,000-1999.999 435 828
%Items costing $1 million or Mfg 27 58

EnginowMg sublield
Bectrical 120 249
Mechanical so 129
Mated* 84 189
Chemical 38 es
ChM 32 67
C4her 109 194

LOCI000
Depotment 369 702
Nondepartmental research ceMer 103 182

(percent of imedmenq

MOO 1111911

$10,00049039 37 37
550,000419,999 19 17
5100,000-3119,999 V 28
1400,003.999,999 11 11

St adman or snore

Note: DWI' may not add to toads because of rounding.

SOURCE: Monona! Science Foundation, SRS

As well as the $828 million in 1 research
equipment costing under $1 million per unit,
engineering departments and research facilities
contained $56 million in research systems with unit
costs ci $1 million or more, and engineering
supersystems contained an additional $49 million in
movaNe research equipment, fee a total approaching
$1 billion ($932 million).

Among the subfields of engineering, the greatest
dollar amount of research equipment was in electrical
engineering ($249 million), which also had one of the
highest rates of growth from 1985 to 1988
(102 percent)." Materials engineering had the single

"These pasta tate firms have been adjusted fat Mallon.

highest growth rate (12) percent) and the second-
largest total amount of research equipment ($189
million). The =mining major subfields of
engineering had rates of growth in research
instrumentation that were substantial (56-76 percent),
but well below those of the two larrst subfields
(Table 13).

Over one-third of the total investment in engineering
research equipment was concentrated on equipment
in the S10,000 to $49,999 price range (37 percent in
both 1988 and 1985). The equipment price
distribution did not change significantly from 1985 to
1988, with each price range maintaining essentially
equivalent proportions for both time periods (TaNe
13).

In contrast to computer science departments and
mmputer centers, where casting research
instrumentation amsisted almost entirely of
computers, a wide variety of equipment types were
found in engineering. The largest shish catiwy was
computers and data handling equipment, accounting
for 33 percent of the $879 million in equipment in the
$10,000 to $999,999 range (Table 14). Other
categories accounting for relatively large amounts of
equipment were materials toting equipment (11
percent) and "major prototype instrument systems"
(12 percent; $99 million). The latter category
includes custom-built systems costing over $100,000,
such as wind and water tunnels ($24 million) and
other high-cost instruments such as laser-doppler
velocimeters ($26 million), electron/ion/molecular
beam systems ($38 million), and spittering/
depositkm/plasma etch systems ($11 mace).

The typo of in-use research equipment varied
considerably among tlm subfields of engineering. For
electrical engineering (which includes computer
engineering), the major =legal), was computers and
data handling equipment (49 percent), with another
21 percent ($50 million) in major prototype
instrument spitems sudi as molecular beam epitiury
and other electron/ion/molecular beam systems ($13
milks). Materials engineering, on the other band,
had relatinly small immstments in computers
(10 percent) and major prototype instrument systems
(11 percent), but had substantial investments in

14



Table 14. Types of angbieennglisearch equipment Caellne$11.000 to 91 Man, by MAW, 1988

Total

Computers and data handang
Computer systems $200K 4
Minicomputers (850-199K) 1

peripherals
Worlatalions ($10-49K) & networis
AP other computer systems

Materlats %sang
Microscopes & accessories
Recorders, cameras, 1 MK. WPM=
Spectroscopy& light measurement. .....
Major prototype instrument systems
frat oMer equipment

18217

33
7

10
9
7

11

8
7
7

12
24

15381

49
a

18
15
10

2
1

a
4

21

15

gnilllons al dellars)

81201 81915

(percent at Invelmenq

42 10

17 2

10 3
5 3
9 2

13 18

41 22
10 5

2 18
a 11

24 13

803.5

29
9

4
9

1

1

3
19
11

38

850.0

71

9
11

29
1

3
4
5

29

$103.1

33
5

13
10

14

4
7
1

s
35

NOTE: Percentages may nol add to 100 because d ranting.

SOURCE: National Science Foundation. SR$

microscopes and accessories (22 percent), materials
testing equipment (18 percent), and spectroscopy and

light measurement equipment (16 percent).

Equipment investments in mechanical and civil
engineering were both heavily concentrated in

computing and materials testing equipment (which
together accounted for over 55 percent of total
investment in both subfields).

Department Assessments

Engineering dcpartment heads tended to report
recent improvements in the adequacy of their
research equipment, though not to the same degree

as was seen in computer science. The percentage
describing their equipment as butdficient declined
moderately from 50 percent in 1983 to 41 percent in

1989 (Figure 5).



Most department heads (69 percent) reported
increases in their amount of research equipment over
the last three years; 73 percent saw a substantial
increase, and 46 percent a moderate increase (Table
15). In additioa, half of the engineering department
heads (51 percent) reported an improvement in the
overall adequacy of their research equipment.

Table 15. Engineering depotment heeds* meseemmte of recent
change* in equipmsed amount m0 adequasy, 19119

Depannisntal
assesernent

Percent of
departments

Chimp In amount cf usable reaserch
equipment In tad 3 yams

increased substantially
Owe Man UN

Increased
Remained the same

(edisin 10%)
Demand.
Decreased substantially

Mom than 50%)..

Clmnge In adequacy of research
equipmerd ks lad 3 yews

improved
Remained the same
Declined ....... " ..................

100

48

27
4

0

5i
33
18

Note: Rircentages may nos add to 100 bemuse of rounding.

SOURCE: Worse, Science Foundation, SRS

Consistent with the longitudinal data on trends in
inventory size, reports of substantial increases in
amounts of research equipment (Le., increases of
over 50 percent in aggregate dollar value) were
especially widespread among electrical engineering
departments (49 percent), and electrical engineering
department heads were also especially likely to report
improvements in the overall adequacy of their
research equipment in the last three years (Table 16).

Table 18. Engineering depenment Mader immements
roman* equipment and equipment Mends by wow
195Hii

Osputmental
asessemeni 1983 IOW UM

Edging equipment Ma Ineufficierd
capabiNly maide Invesligitors
to pumas malts mann* intsmets

Wood of departments)

55 58 43
atschenlose . 54 fie 311

...... -- 50 a 21
Chunked . 49 43 39

44 ao 45
SW 48 45 50

Substandal Increase (Mom
Man 5014 In amount of umbel
reamch equipment In MI
3 yam

MOW 49
Machwilcai. 21
Atateride.. 14

V
CM. 10

.......... ........ 18

Adequacy of mann* equipment
hes Improved ki lad yeam

Bedded 84
hiscisanical. 48
60010111. *NM". MS ,... 14 ...... *cm 35
aismical 48
CM. 52MirMrs* 57

SOURCE Wend Scesna FOLM40011. SRS

Sources of Inventory Funding

In relative terms, funcling support for engineering
research equipment has remained fairly stable over
the period 1982-88. Overall Federal finding suppat
declined somewhat, from 48 percent of dm total in
1982 to 38 percent in 1988, but this was offset by a
relative increase in support from state government
qpropriations, which rose from 6 percent in 1982 to
15 percent in 1988 (Table 17). Most other
=glowing equipment funtring sources showed Me
fluctuation in their relative share of the total funding
Pk.

In the 1985-88 period, Federal funding support for
engineering research equipnent became hscreasingly
focused on "big ticket" items costing $400,000 or
more. Federal funding accounted for only 29 percent

16
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of the total investment in such items in 1985, but it
grew to 50 percent in 1988 (Table 17). The opposite
trend was seen for equipment at the other end of the
cost range. Thus, Federal funding accounted for 40
percent of the total investment in $10,0013 - $49,999
items in 1985, but declined to 31 percent by 1985.

TN* 17. Sources al funds for acquisition of research equipment In
engineering, 1902-68

Scums of funds 1962 1985 1988

Total (millions of dollars) $295 $435 $829

(percent)

Federal! some* 48 42 38

NSF 17 14 13

NIH 1 1 1

DepertmeM of Defense 19 15 17

Department of Energy 6 6 4

Other 5 5 3

Noma-Federal sources 52 58 67

bastaulion hinds 30 29 27

State government 8 15

Ftivabytindusby 14 20 19

Orner 2 2 2

System purchase price (Federai
percent at total funding)

$10,000-48,998 40 31

$50,00089.999 42 41

5100,000-M999 49 40

$400,000-99%999 29 50

Note: DOM' may not add to Wails because of =MIMI-

SCRJRCE: National Science Foundation, SRS

Increases in equipment inventories were especially
pronouuced at public institutions, which inaeased
from $302 million in 1985 to $592 million in 1988 (an
inflation-adjusted 91 percent increase; Table 18).
Private institutions had a Iowa inventory growth rate
(74 percent), and the inventory dollar increase was
only about one-third as great as that at private
institutions. The result is that public institutions,
which contained 69 percent of the 1985 national
inventory of engineering research equipment,
contained an even larger share in 14':.: (71 percent).
This is consistent v.ith a similar shift seen in overall
engineering R&D expenditures, where the public

institution share.srew from 60 percent in 1985 to 64
percent in 1988."

Table 1$. Sources al funds for soquatoon Cl asearth equipment In
enginim:.NA9 by insillutional MeV, 1965-811

Source
of funds

MAUD Pubic

16115 19811 1985 IWO

Total $133 $237 $302 $592

Federal, total 79 130 102 183
NSF 36 53 27 SI
NM 1 2 3 7
Department
of Defense 29 58 37 80

Department
of Energy... 3 9 25 26

Orner 9 7 10 17

Non-Fedeml, total 54 107 200 408
Institution funds 24 49 ge 172
Slate government 10 114
Pylvate/Indusby 25 48 82 110
Otter 4 2 7 13

(percent)

Total 100 100 100 100

Wirral 80 55 34 31

NonFederal 40 45 es 99

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

SOURCE: National Science Familial:ion, MS

Public institutions showed a broad mix of equipment
funding sources. Federal funding was substantial (at
$183 million), but non-Federal funding was

considerably greater ($409 million). The greatest
amounts were received from institution funds

($172 million), state government ($114 million),
private/industry sources ($110 million), and thc
Department of Defense ($80 million).

Private institutions had a different funding pattern.
They received most of their engineering
instrumentation funding from Federal sources
($130 million), which increased in total dollars since
1985 but declined in percentage terms (from
60 percent to 55 percent). The largest sources of
funding at private institutions were Department of

ISNSF89-326, p. 23-26.



Table 19. Engineering depielment heads' ammernenta at their equtpment needs and proms, 1983410

Departmental adsadmid USN Ediddcd Medwidad Moddits

.

Ournical
,

CM Cmer
Super.

sows

Cannot do WOW experiments due to
lack of needed equipment

(percerd)

1851 80 se 92 01 92 so at
19115 70 72 71 39 58 78 a

Changes In inseumentelon
needs OW pad 3 yews

irmresead Be 113 73 77 78 83
Remained Ma same 15 5 17 25 23 20 10 17
Decreimed 5 0 0 0 2 0

SOURCE: Monet Science Foundation, SRS

Defense ($58 million), NSF ($53 million), institution
funds ($49 million), and private/industry funds
($46 million).

As with computer science, engineering departments
varied greatly in the chaages in instrumentation
suppcat they experienced. For any given source of
funding support (Federal, state, institution, private
nonprofit, or industry), at least half of the
engineering department heads reported no significant
change (Figure 6). Though the value of Federal
funding increased 68 percent overall, more
department heads reported a decrease in Federal
support (29 percent) than an increase (20 percent).
State funding more than tripled; nevertheless,
increases from this source were reported by only
28 percent of the department heads, and decreases by
19 percent.

Figure 6. Changes in instnnnentation funding
sup over the last three years In
en 4 - ring, by source of funding: 1989

if
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government

&me
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Inihuby
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0 20 40 60 $0 100

Percent

cza R.,...dird the same' C3 Decreased
not applicable

Maw: National Science Famdatten, SAS

Equipment Needs and Priorities

Despite the recent influx of equipment, most
engineering department heads (70 percent) continue
to report that there are important subject areas
where their researchers cannot do critical
experiments due to a lack of needed equipment,
although this proportion is lower than it was in 1983
(89 percent; Table 19). One reason is that reported
instrumentation needs have increased between 1986
and 1989 for 80 percent of engineering departments,
and decreased for only 5 percent.

The percentage of engineering department heads
reporting that increased Federal funding would be
most beneficial for systems in the $50,000 and above
range increased markedly from 1986 (30 percent) to
1989 (57 percent; Table 20). This is consistent with
the observed trends noted earlier toward increased
Federal focus on funding of big ticket engineering
equipment.

Table 20. BigirmerIng department Made' aseemments 01 *ern
increased Federal funding ',mad De mod WOW, by owl
mnge, 198349

Cal range 1993 1958 I 1999

thiteme aver 111
systems in 580.00041 maim

&Memo In 910,000450,000 range
Enhancement al meal Mb

squipmeni Nem* ism
Van

giseroni)

29 30 or
so so

a a
3 4 0

Mote: Parcentages may not add M 100 beam d rounding.

SOISKX WNW Science Aluiddlod, 8R5
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Another indication of the growing importance of

high-crst equipment is that 90 percent of the

aggregate coat of the research equipment reported by
engineering department heads as being their three
top priority needs cost $100,000 or more (Table 21).

Much of this equipment was needed to upgrade
department capabilkies (57 percent of the aggregate
price), while 30 percent was needed to expand
capacity (more copies of existing equipment), and
13 percent to replace existing instruments.

The overall distribution, by type, of needed research

equipment in engineering (Table n) was generally
similar to the distrilsution of existing research

equipment (compare to Table 14), although

tfifferences among subfields were perhaps clearer and

more pronounced in the equipment needs data. In

electrical engineering, for example, high cost

molecular beam epitaxy, ion beam lithography, and

other electronfum/molecular beam equipment

accounted for nearly a third (32 percent) of the
aggregate price of all top priority equipnent needs.
Materials testing equipment was very prominent

among the equipment needs in civil engineering (53

percent of aggregate price) and, to a lesser extent, in

mechanical engineering (33 percent). In both
materials and chemical engineering, spectroscopy and

microscopy equipment together accounted for about
60 percent of the top priority needs,

Institution Profiles

In 1988, the 20 largest engineering R&D performers

had mean engineering R&D expenditures of $53

million per institution, and they collectively accounted

for half (51 percent) of all academic R&D

Tore 22. Types d needed reward) assimilate Med by impeding deportment heads as Mir top ampriorities by subedit UM

Equipment type Told
rasetrical trischanicsi Striedala I Chomicit I CM

Tolai Malone of ..... ........... 35321 292.6 $101 $07.7 $42.5 241.5 2153.4

tweed or Wise

Compilers and Oita bending 20 37 2$ 2 9 24

Compuld mans 22006+ . 0 14 10 4 7

AN other computer systems 11 22 a 2 2 9 17

Mated* Imam 19 2 33 4 4 53 23

13 il 3 49 24 3 2

Robots, menuractudng machines.--- $ e 1 0 41 1 13

Sracirapoopy i NW measurdnert.......-... 14 2 22 as 11 13

pralelype instrumed systems .--- 15 40 17 10 10 1 12
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NI Gems $ 14 4 10 1 0
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SOURCE: !Mond &Woe Foundation,Mt
19 28



expeaditures in =entering." This section compares
these top 20 engineering research institutions --
which arc presumably the best-equipped programs in
the nation to institutions with smaller engineering
research programs on measures of average program
size and composition.

The top 20 institutimm purchased an average of $4.4
million in engineering research equipment per
institution in 198 (Table 23), and they had
accumulated inventories of engineering research
equipment averaging $20.6 milli= per institution

Tine 23. Program cheracterblice, amen =pennies', and
pennitions In engineelng deperanere, by sin of maserch
program, 1988-89

Statistic

Institution R&D rank

in engensennr

hugest Other

AVERAGE PROGRAM CHARACTERISTICS

Mean no full-time faculty
ISSandues.

Mean no. PhDs awarded last year

MEAN ANNUM. EXPEaDITLIRES PER
INSTITUTION

191 50
91 17

Resesrch equIpment plathases $4 409,000 21.043 000

tilaintenweejmpall ot research equip $839,000 $184,000
Service contracts & field service $281,000 $81,000

. Other (salaries, tools, etc.) $358,000 $102.000

Operation of munch scpripment. 21.250,000 $405,000
Technic:ban salines $981,000 $344,000
Other (e.g., supplies). $295.000 $54,000

PERCEPTIONS (percent of departments)

Current amount ce research
equipment Is adequate or
excellent 73 54

DepartmenW research equipment
has Increseed in past
3 yews 81 05

The adequacy al the departmerWs
research anima hes Improved

pas13 yews 01 48

Federal equipment support has
demised in pad 3 yeam 27 29

*Sand on inetitutionsr FY1988 R&D expematures In enginnOng.
SOURCr: NatIonal Science Foundation, SRS

16NSF 89-326, p.

(Table 24). On these and other measures of Fop=
size, the average for the top 20 institution was four to
six times larger than the wrap for institutions with
smaller engineering research programs.

Table 24. Otanderlslice of engampang merwach equipment. by size
Cl ranerch program, 1988

Instilution R&D mak

In englneering

20 largest Other

MEAN PER eiSTITUTION OF SYSTEMS
COST0113 $10,000 OR MORE

Aggregate purchne price (minions) $20,915 $3,270

(percent of prioe)
Location

Department 77 74
Nondepartmenial research center 18 21

Supersystains 5 5

System mice range (pew int of Iola°
$14,0004ea965 31 39
$50.000-$99,969 18 15
$100.0081399,910 27 26
$400.00048119.999 12 9
$1 ninon or more 11 11

System year of purchase
198848 48 45
198345 30 31
1982 or before 24 25

System use in 1988
Research only. 45
Research And Instruction eg 55

OTHER INDICES

Mean $ amount of research equipment
per FT faculty ressercher $98,000 $54,000

Mean $ amount of researdi equipment
per doctrine degree awarded last yew $202,000 $175,000

Mean menber at research users per
system in 1988 19.2 17.7

1988 meintennce/repair expenditures
per $1,000 ft numb equipment $35.83 $31.88

*Sued on inettutiors' FYI985 R&D expentlitine in engineering.

Nola: Percerdages may not add to 100 became of rounding.

SOURCE: Nattonal Science Foundation, SAS

Other than these expected differences in program
size, however, most instnunentation-related
characteristics of the top 20 institutions also applied
to the smaller engineering research programs as well.
For example, the rlistnimtkon of equipment-related
annual expenditures among the various categories of
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equipment purchases, maintenance, and operation
was essentially tlw same for the smaller programs as
for the larval engineering institutions (e.g., both
spent about two-thirds of the total on equipment
purchases and one-third on the combination of
equipment maintenance/repair and operation). Also,
equipment in the two types of institutions was
similarly distrinted by location (departments versus
specialized nondepartmental facilities) and by age
and price range, and the two types of institutions had
similar average numbers of research users per
system, similar relative levels of equipment
maintenance costs, etc.

In these indices of the allocation and organization of
equipment-related resources, the differences between
the best equipped institutions and those with smaller
research programs arc not nearly as ronounced in
engineering as was seen earlier for computer science.

On qualitative assessment measures, however,
department heads in the largest engineering
institutions were more satisfied with their
instrumechtion situations than those in institutions
with smaller engineering research programs, on
average. Thus, engineering department heads at the
top 20 institutions relatively often assessed the
adequacy of their current research equipment as
adequate or better (73 percent versus 54 percent),
reported that the adequacy of their equipment had
improved over the last three years (61 percent versus
48 per-ent), reported that the amount of their
few a equipment had increased over the last three
years (81 percent versus 65 percent; Table M). On
balance, however, the magnitude of the differences
between the largest and the smaller research
performers was not nearly as great in engineering as
in computer science.

21



APPENDIX A
LIST OF SAMPLED INSTITUTIONS



INSTITUTION SAMPLE

Brown University
California Institute of Technology
Colorado St. University
Cornell University
Duke University
Georgia Institute of Technolog
Harvard University
Johns Hopkins University
Louisiana State University
Massachusetts Institute of Technology
Michigan State University
Mississipei State University
New Mexico Institute of Mining & Technolog
North Carolina State University
Northeastern University
Northwestern University
Ohio State University
Oklahoma State University
Oregon State University
Pennsylvania State University
Princeton University
Purdue University
Rockefeller University
Stanford University
Stevens Institute of Technology
Temple University

Texas A&M University
Tema Tech University
University of Arizona
University of California at Berkeley
University of California at Davis
University of California at Los Angeles
University of California at San Diego
University of Central Florida
University of Colorado (Boulder & Denver)
University of Connecticut
University of Dayton
University of Denver
University of Illinois
University of Iowa
University of Kansas
University of Maryland
University of Michigan
University of Minnesota
University of Nebraska
University of North Dakota
University of Oklahoma
University of Pennsylvania
University of South Alabama
University of Texas
University of Washington
University of Wisconsin
Virginia Polytechnic Institute
Washington State University
Yale University
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