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HIGHLIGHTS

This monograph is one in a series of analytical reports presenting findings from the National Science
Foundation’s 1989-90 National Survey of Academic Research Instruments and Instumentation Needs. It
describes recent national trends in academic research equipment and equipment needs in the fields of computer
science and engineering. It also documents cquipment trends in central academic computing facilities. The
data were obtained from a sample of 55 universitics statistically selected to represent all institutions with annual
scicnce/engincering R&D expenditures of $3 million or more. 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 cquipment purchases, from $20 million in 1982 to
$49 million in 1985. Research equipment purchases in 1988 leveled off to $45 million, slightly below the
198S figure.

. Accumulated Total Amount of Equipment. The aggregate purchase price of all in-use rescarch
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 increasc 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 growth, three-fourths of all computer science
department heads reported net increases in their amounts of rescarch 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 growth in the 1985-88 period was seen for
equipment at the lower end of the study’s pricc 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 198S.

» 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.

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



ACADEMIC COMPUTER CENTERS

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

Total Amount of Equipment. The aggregate purchase price of the equipment in these central
computing facilitics more than doubled from 1982 ($423 million) to 1985 ($877 million). It grew at a
slower pace over the next three years, increasing to $1.3 billion by the end of 1988, an inflation-adjusted
increase of 37 percent from 1985 to 1988. Much of the overall grewth from 1985 to 1988 was duc to the
NSF National Supercomputer Centers program, which expanded 1rom $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 cngincering rescarch
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 Equipment. The aggregate purchase price of all in-usc engincering
rescarch equipment increased by 86 percent, in constant dollars, from 1985 ($435 million) to 1988 ($834
million).

Subfields. Electrical engineering was the subficld with the largest amount of research equipment in
lmm@mﬁhm),mdnhadamlamlyhrghmteofymhfmm1985(102pereent) Materials
engincering (including materials science) was the second-largest subficld ($189 million), and it too had a
high growth rate from 1985 to 1988 (120 percent). The other major engineering subficlds had smaller
amounts of research equipment and lower instrumentation growmth rates during this period (56-76
percent).

Types of Equipment. Computers and related cquipment accounted for one-third (33 percent) of the
total instrumentation investment in engineering; they constituted ncarly half of the equipment
investment in clectrical engincering (49 percent).

Perceptions. More often than not, heads of engincering departments reported improvements over the
last three years in the amount (69 percent of departments) and overall adequacy (51 percent) of their
rescarch equipment. On the other hand, 80 percent reported that their instrumentation needs bave
increased over 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
engincering research equipment, down somewhat 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 rescarch 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 support among engincering department heads

exhibited . 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.

x 10



Background and Statement of Limitations

The data in this report come from the National
Survey of Academic Research Instruments and
Instrumentation Needs. This tricnnial survey program
mmnductedbychamalSmneeFoundahon
(NSF), with major support from the National
Institutes of Health (NIH). It is designed to monitor
emerging instrumentation needs and treads in the
amounts, costs, and characteristics of academic
research equipment in selected science/engineering
(S/E) fields. The survey grogram was undertaken in
response to a Congressional 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 enginecring departments and research
enters and from all computer scicnce departments
and academic computer centers at a sample of 55
universities and collcges 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 samplc
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 cxpenditures.z

The S5 sampled institutions contained a total of 396
elighle engineering departments and research
centers in 1989, from which a stratified probability
sample of 281 was sclected. These institutions also
contained 56 eligible computer science departments
and facilitics 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,
prioritics, and neceds for rescarch equipment.
Computer center administrators were also asked to
complete a brief questionnaire about the age, type,
and dollar amount of equipment in their conters.

1An Act To Authorize Appropriations for Activities for the

National Science Foundation for Fiscal Year 1980, and for
Other Purposes. Public Law 9644, Section 7.

In addition, samples of existing rescarch eqmpmcnt
were sclected in ecach surveyed engineering and
computer science department and rescarch center,
and the responsible principal investigator was asked
to complete : brief data form concerning cach
instrument’s cost, age, condition, etc. The equipment
sample was sclected to represent all instrument
systems originally costing $10,000 or more that were
used for S/E rescarch at any time in 1988, The
resulting data were statistically weighted to represent
all such equipment at all institutions represenied in
the survey. 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 avalable upon request from NSF.
Detailed statistical tables, from -vhich the information
presentedmlhmregonwasdmdled,arealso
available upon request.

All 55 sampled institutions participated in the 1989
survey, and data werc obtained from all of the 62
computer centers at thesc institutions. Usable
questionnaire responses were obtained from heads of
302 of the 337 surveyed enginecring and computer
scicnce departments and rescarch 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 conducied in
1986 and lmtommmmdsoverlhethrecyear
intervals between sm'veys. In all three surveys,
information about current cquipment needs and
prioritics 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.c., 1983, 1985, and 1982, respectively).

3For further infosmation, contact Dr. Eileen Collins a1t NSF/SRS,

(202) 6344555,

andeuibdpuenuﬂmdﬁndinp!mlhneuﬂhrm
see: Natioad Suencc Fomdation. m__m

1985-86, S 58-D1. June ma e



In cach of the three subject arcas examined
(computer science, academic computer centers, and
engineering), this report first describes current status
and recent trends in existing and needed research
equipment. For engincering and computer science, it
then presents statistical profiles contrasting the 20
largest (and, presumably, best-equipped) R&D-
performing institutions in the ficld to institutions with
smaller rescarch programs in that ficld on various
indices of the average current amount, composition,
and adequacy of their rescarch equipment. These
profiles arc intended to: (a) describe the kinds and
amounts of cquipment that arc to bec found at the
best-equipped academic rescarch programs in the
nation, and (b) assess how the equipment situations
of the institutions with smaller rescarch programs
compare to those of the best-cquipped 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. Burcau of Labor
Statistics Producer Price Indices for equipment-
related products.

-



Computer Science

The 174 institwtions represented iu this survey
contained an ecstimated 147 computer science
departments and facilities with at least one rescarch
instrument system costing $10,000 or more. This
does not include academic computer centers, which
are discussed separately.

Annual Expenditures

Substantial growth occurred in college/university
computer science departmenss from 1982 to 1985.
During that period, many new departments were
created, total R&Dexgcndmn'eegrcwfromsus
million to $281 million,” and annual purchases of
rescarch eguipment mmemlndmbbd,fmmm
million in 1982 to $49 million in 1985 (Tablc 1)
From 1985 to 1988, the number of computer science
departments and facilitics remsined stable, thc rale
ofpomhmomaﬂR&Dspendmgs\owcd, and
research cquipment purchases declined slightly, to
$45 million in 1988. This levelling off of equipment

may reflect a general stabilization in the
size of the ficld, decreasing unit costs of much
compuling equipment, increasing rcliance on large
supercomputer centers for much computer science
rescarch (central computer centers arc discussed
later in thic ieport, and arc not included here), and
other factors.

Total expenditures for maintenance and repair of
computer science rescarch 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
proportions of cxperditures devoted to outside
maintenance (service contracts and ficld service) as
compared to maintenance by institution personnel --
thetwoenwgorieswcreabouteqmlinlm,butby
1988 cxpenditures for service contracts and ficld
service grew to account for about 70 percent of all
maintenance and repair expenditures.

Tabie 1. Trends i aquipmeniqeiaied anhual sxpendiues n
oomputer science departments, 108258
Type of
expenditure 1902 | 1988 19688
{mimons)
EQUIPMOnt PUICESSS .............co0.seeens $20 49 $45
Maintenance and repal .............cv.... 8 10 17
Sarvios contracte i feid
asnvicee. 8 12
Other (salaries, fools, etc.)......... 7 5
Operation of ressarch aquipmens 15
Technician Salanm. ................ 12
Omer {o.0., SUPPISS) ................. 3

Note: Delails may not arki fo folals because of rournding.
SOURCE: Nstional Science Foundation, SRS

Expenditures for the operation of computer science
rescarch equipment were ascertained for the first
time in the 1989 survey. These costs, which totaled
$15 million, include an estimated $12 million for
technician salaries and $3 million for supplies, power,
the $17 million in antual maintenance/repair costs,
the annual cost of maintaining existing research
equipment in computer scienc: is almost as great as
the annual expenditures for purchase of new rescarch
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 eguipment
purchases. However, in contrast to the flattening-out
that occurred in annual purchases from 1985 to 1988,
the accumulated national stock of computer science
rescarch 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).




Table 2. Aggregate purchase price of academic research squipment
costing $10,000 or more per sysiem in COMPUIer acience

departments, by cosi range, Jocation and type, 1985-88

Equipment jocalion
price, and type 1988 1988
{misions)

TOMM ....o.covrcreiieieritiee vectnnes e sers e tnerisaresstns $114 $188
DODAITNONL...........c...coorevenineeninrerinnsersinsessianras 109 127
Nondeparimental researchconter................... 12 34
ORNWBT ......ooneocrmececavectssinessesnasserstassshsmarasstssns 1 7

{percent of total price)
Price range
$1000049.988...................cceooiiie, 35 a8
$50,000-99.999.............c.ccoeonnrnererieniineniiens 18 24
$100,000-399899 ..................oconnencrrneernnns 32 27
$400,000-999.999 ................cocovivenciirriinns 13 9
SIMENONOrMOM® ...........oooceieernennrceerenenn ) 2
Type of equipment
Compiuter system costing $200K+ 25 V3]
{Mini) computer system costing
$50-$199K, and peripherals ..................... 39 39
Single-user workatations ($10-$49K)
A NIWOIKS .........oonnirnnccmrtnrvrenener 27 35
Graphics/CAD/imaging equipment............. 5 3
Other . ” 4 2

SNote: Detals may not add to lotals because of 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 growmg - amount
(334 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 cquipment. 1t also indicates a growing
prominence in computer science departments of
personal computers and other mmpuu%g cquipment
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 science research equipment,
grew to 35 percent of the 1988 stock.

sﬂmm this analysis is based on defining specific price nn;et,
no inflation adjustments were used in calculating these
estimates.

Department Assessments

The beads of many computer science
depanmenIs/fadlitics rcported recent  qualitative
umprovcmems in their research equipment and
support services. When asked to assess the capability
of existing cquipment to enable faculty investigators
to pursue their majorrescarchmtcmsls,ZSpementof
depariment Lizads in 1989 described their capability
as excellent, m"mdwuhl.‘ipcmenImIMand
only 2percent in 1983 (Figurel). Howewer,
39 percent still viewed their equipment as insufficient,
a relatively modest change from the 45 percent in
1983,

Figure 1. Computer sclence department heads'
assessments of the u?ablll ty of existing
equipment to enable faculty Investigators
to pursue their major research interests:
1983, 1986 and 1989

BN Exccliem
za Adeqnne

NOTE: Percentages may not sum to 100 becauss of sounding.
Source: Nationa! Science Foundation, SRS

Besides providing an overall cvaluation 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 rescarch
equipment. Threc-fourths of the computer science
department heads reported cither a substantiol
increase (i.c., more than a S50-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 S8 percent of computer scicace
department heads, while declines were reported by
only 14 percent.

14




Table 3. Computm sclence department heads’ asssasments of
mwnwmmm.tn

Percant of
Departmen? heats’ RISssEMeNt departments
Yolal teratesreretanetessestosRatasearennea st 19BN S0ES - 100
Change in amount of usadie reseanch
squipment m [ast 3 ysars
ncressed substantially {more
than 50%) 31
increased “
Remainad the same (WEDin 10%) ............ 17
Decroased.............ccrvnnne 7
Decraased substantiaily (more
than 50%) 0
Change in adequacy of ressarch
squipment in fast J ysars
mproved. 58
ROMained IO BAML..........coccoeteismmssnisnss - 28
Dacined, 14

Nots: Percentagr - may nol add 10 100 because of rounding.
SOURCE: National Sclence Foundation, SRS

Sources of Inventory Funding

Over the period 1982 to 1988, sources of equipment
funding support for computer science departments
jave remained fairly stable (Tabled). In 1988,
Federal funding accounted for slightly less than half
of the aggregatedollarnmountofallin—memcnch
cquipment in the $10,000 to S1million range
(42 percent), with the of Defense
(22 percent of the total) and NSF (17 percent) being
:mmmmmmmmmmmqmaammnam
cquipment 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 for
systems costing $400,000 to $999,999, where the
percentage of investment supplied by the Federal
government increased from 23 percent in 1985 to
58 percent in 1988 (Table 4). The Federal share for
al other cost ranges declined.

While the general trend was for the aggregate
amount of both Federal and pon-Federal funding to
increase from 1985 to 1988, reported increases were
not evenly distributed across departments. Thus, only
35 percent of computer science heads’
repmtedminmaseinl’edatleqxﬂmfmdha.
and 33 percent reported an increase from industry
(Figure 2).

Table 4. Sources of funde for aoquisiton of compular aclence

ressarch equipmen, 1982-58

Source of funde 1062 1965] 1988

é
82

i
E
-

g

|

i
saBa3B

{

:
;

Naﬂxz

Federal percent of total funding
$10,000-40.990
$50,000-99.900
$100,000-390,908
$400,000-000,000

CE R 2RBol% w-B3.882 g

2828

Note: Percentages may nol add to 100 because of rounding.
SOURCE: National Science Foundation, SRS

Figure 2. Changes in instrumentation funding

) over the last three years in computer
ng‘:hymmnﬂnndlng: 1969 P

0 20 4 6 8 1
Percent of departments

B Iocreassd P7) Remained the same/ [Z2] Docreased
not applicable

Scurce: National Science Foundation, SRS




Equipment Needs and Priorities

In 1989, the great majority of computer science
department heads’ (85 percent) reported that the
instrumentation needs of their rescarch programs
have increased over the last three years because of
expanding staff, growing rescarch 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 nceded and available cquipment may be
narrowing at some computer science departments. In
1983, 93 percent of all computer science department
heads reported that their rescarchers could not
perform critical experiments in their arcas 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 bave been for equipment at
the low end of the study cost range (i.c., equipment in
the $10,000 to $99,999 range), Federal support has
become increasingly focused on relatively "big ticket”
equipment. Apparently, this focus is congruent with
department nceds. 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. Depariment heads’ assessmsnts ol where increassd
Federal funding wouid be most beneficial in compuder
science, by cosi range, 1983-89

Cost range 1983 | 1908 | 1989
(percent)

Systerns over $1 miilion.......... rassarorsersores . 0 7
Systems in $50,000-§1 mitlionrange ....... 26 2 51
Systemns n $10,000-$50,000 range.......... 74 8 41
Enhancement of genera! iad equipment

{generaily less than $10,000)................ 0 3 0
OMer SyStems ................cciminicmmenssisirssnnss 0 8 1

Note: Percentages may nol add 10 100 becauss of rOUNdng.
SOURCE: Nationsl Science Foundation, SRS

To better identify department needs, ecach
department head was asked to describc 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
{510,000 to $49,999) and networks amounted for the
second largest share of the total (19 percent).’

“Figure 3. Equipment listed among top three priorities
for acquisition in computer science: 1989

of needed equi
T’i";otd =9$97 :lilﬂon)

I Computer sysytems $200,000+ EBB Replace an existing instrument

23 Mintoooputers (350-5199.9%)
& peripherals

{1 sisgis-user work stations
($10-349.5%) and networks

K2 Oraphics, CAD, imaging equipment
3 Ouder

Ssurme: National Scicnes Foandation, SRS

Most of the desired equipment (56 percent of
aggregate price), was nceded to upgrade
departmental capabilitics (ie., to perform
experiments that could not be done with existing
equipment), Other equipment was needed to expand
current capacity by providing more copies of alrcady
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 ficld 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

%Institutions often indicate needs for multiple copies of such
equipment (e.g., $125,000 for S workstations at §25,000 each).

6 16



this field in 1988, and thesc institutions collectively
awomnedfm@fermntofaﬂcompmermm
R&Dexpcndlmres.

As would be expected, the largest R&D performers
havehnghe:mmgeannualexpcndﬁumforpumhm
of computer science research eqmpmcnt than do
institutions with smaller computer scicnce rescarch
programs ($785,000 versus $259,000; Table 6), as well

Table 8. frogram chamacteristics, annual  sxpendiures  and
perceptions in computer sclence, by size of ressarch

program, 1988-89

matihution R&D rank
n compiter science*

20 iargest Other

AVERAG Z PROGR2AM CHARACTERISTICS

Meoan ). full-ime facuity researchass..... 233 1.8

n past 3 yoars 680 58
Federal equipment support has
hcTonned N DRt 3 YORID............cccooneas 48 19

*Based on nstitulions’ FY1988 RAD axpendiiures in cOMpuUter science.
SOURCE: National Sclence Foundiation, SRS

as a much larger average dollar amount of in-use
rescarch equipment ($4,895,000 versus $735,000;
Table 7). In addition to thrsc expected absolute
differences in program size, many other differences
between the two institution categories were found.

10sr p9.a26, p. 125.

On average, at the 20 largest compuler science
institutions:

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

Teble 7. Characterstics ol computer acience research equipment by
sixe of ressarch NOQYAM, 1988
insitution RAD rank
N compuier science*
Characteristic
20 largest Othver
Mean doliar amount
of computer science
research equipment
PO INSRUION ..........coocvermarecarrancescncsnes $4,895,000 §$735.000
Location (percent of total)
DOPRITMONM .........cccoiererenemnsrssanseessismns §7% 7 %
Nondepartmential reseaich center 9 3
Sysiem price range (percent of total)
$10,000-$49,000...........cnncviiveemsrearmsnrenses 1) as
S50.000-$90.009 ...........ccconvuvmemrrmiriensane 3 19
$100,000-$399.088 ................ccocvvreniens 14 36
$400,000-8980999 ... .........c.cocovirernces ] ]
STMIMONOFTNOM............coomrrrarenrrarsens 8 0
OTHER INDICES
Mean $ amount of research aquipment
per full-time faculty ressarcher............. $198,000  $82,000

Mean $ amount of ressarch squipment

por doctoral cegrae awarded las! year $567.000 $308,000
Mean number of research users par

SYSOM N 19B8....ceroorr v ecerarrainesesmrsnrenn 348 203
1558 maintenance /repair opendlures

per $1,000 of saaaich squipmen....... $41.04 $57.33

*Sased on instiulions’ FY1988 RAD axpencitures in COMPLISr SCIeNCe.

NOTE: Percentages may not add io 100 because of rounding.
SOURCE: Nafional Science Foundation, SRE

. Ahrge:pmpoﬂimoﬂhecnrrcmeqﬁpmem
investment was conceatrated in items and

systems costing under $100,000 (72 percent
versus 54 pereent; Table 7);

] A smaller proportion of the cwrrent
cquipment investment was acquired in the last
three years (52 percent versus 62 perceat;
Figure 4);
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» A much smaller proportion of the current
equipment investment was for equipment used
for both rescarch and instruction, as opposed

Source: Nations! Sclonce Foundumion, SRS

. The average amount of equipment per faculty
rescarcher was larger ($198000 versus
$62,000), but so was the average level of
rescarch wvsage per system (35 users per
system per year versus 30; Table 7); and

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

With respect to perceptions, heads of computer
wmmummm

science department heads at the largest institutions
also gave more favorable evaluations of changes that
had occurred over the last three years. For example,
they were more likely to say the amount of rescarch
cquipment had increased more than 50 percent
(48 percent, compared with 29 percent). Not all
evaluations of change were favorable, however.
Department heads at the largest institutions were
more likely to report a decrease in Federal
cquipment support (46 percent) than those at other
institutions (19 percent).
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Academic Computer Centers

The foregoing analysis of computer science research
cqmpmemdldnotmdudeeqmpmmloutcdm
institutions’ central mainframe computer facilities. In
1988, the 174 rescarch-performing institutions
represented in this survey contained an estimated 179
such centers, about one per institution. These
facilities provide an important equipment resource
for research i ine ficld of computer science, and in
other fields as well. Trends in the kinds and amounts
of equipmeni in such computer centers are
summarized in tLis section.

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

Annual Expenditures

In 1988, academic computer centers 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.

Tabie 8. Equipmeniseiated annual expendiures N  compiter

centen, 1968
NSF
Other
Type of super-
T
expenaiiure ot | computer | COMPURer
conters | SO
{milions)
Equipment purchases......................... $187 $19 $168
Maintenance and repax...................... . o4 7 ”
Senvice contracts & feid

Services 82 4 58
Other {(salaries, fools, atc.) ............ 2 3 18
Operation of ressarch squipment........ 280 0
Technician salates........................ 158 12 184
Other (a.g., suppiiey)..................... o4 18 78

SOURCE: National Sclence Foundalion, SRS

In 1988, an estimated $84 million was spent for
mmntcnanceandrepanofeqmpmcmatwademw
computer centers. As with computer science

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

Operation of computer center equipment required an
additional $250 million in 1988. Thus, unlike
computer science, more funds were spent on the

operation of existing equipment at computer renters
than on the purchase of additional 5 pment.

Inventory Size 2ud Composition

As also happencd for computer science rescarch
equipment, the aggrexate dollar amount of in-usc
research cquipment at a~ademic computer centers
more than doubled from 1982, ($423 aillion) to 1985
(3877 million) and then grew at a lower rate from
1985 to 1988, increasing by an inflation sdiusted
37 percent, to $1.3 billion (Table 9).

Tadbie 5. Aggregale purchase price of .cademic ressarch squipment
cosiing $10,000 or more par sysiem st computer canterns, by
type of computer center, 1985-88
Type of compuler conter 1985 1988
{milllons)
Tota...... - $877  $1268
NSF sUDSICOmpUler CONenNs..............c..occcoummenuieeae 16 247
Other compuler centers sot 1,000

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
powerful systems in the supercomputer range during
this period, the aggregate dollar amount of
equipment in non-NSF academic computer centers
grew only slightly, from $861 million in 1985 to $1.006
billion, an increase of 13 percent after adjustment for
inflation. Thus, it appears that, while there has been
rapid growth both in very large computer centers
(those in the supercomputer range) and in
decentralized compiting equipment (department-
based personal coosuters and minis), mideange
central computer ceniers are playing an increasingly
ambivalent role in academic research.
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Assessments

mhcadso&'three(ﬁopemnm)oflheNSF
supercomputer centers described their equipment
capablhues as excellent, and nome said their
equipment was insufficient for research (Table 10).
In contrast, only 17 percent of the directors at other
academic computer centers reported excellent
equipment capabilities, and 31 percent described
their cquipment as insufficiunt to meet their research
needs.

Tabie 10. Computer center directon’ assessments of thelr squipment
and support services, 1989

o | OO0
Assessmpn! Tolal . computer
centars
cenlen
{percent)
TOU ...t s nneaes W0 100 100
Capabiiity io pursue masjor research
nlerests
Dwellam................ oo 18 80 17
ADOGURS.............ocovverrer rrrrirarinns 52 40 ]
meumcient ... 0 ] M
Change iIn amount of ysable
research squipment in last
Jysans
ncroased substantially
{more han 50%) .............ccerceeee 25 20 D
increased 3 0 7
Ramained the same
VEDIN T0%) ... X 20 3
Decressed. 8 0 8
Decreased substantiaily
{movre than SO%)................... 0 0 0
Change in adeqguacy of ressarch
squipment in jast 3 years
mproved................. - 49 80 48
Remamed the same........................ k] . K ]
Deciined 15 0 18

Nole: Percentages may not sk 10 100 twoause of rounding.
SOURCE: National Science Foundation, SRS

Computer center directors were asked to describe
how the amount and adequacy of their research
cquipment had changed in the last three yearm.
Consistent with the inventory trend data reported
mhctfom(&()pcrcent)oﬂhcmmpmrmr
directors reported substantial increases in their
amount of usable research equipment, i.c., increases
of more than 50 percent in aggregate value in the last

three years (Table 10). Substantial increases were
also reported by 23 percent of the directors of other
mpﬂwmtus;mnd@mﬂﬂmdm
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) of the NSF
supercomputer center directors and by bhalf (48
percent) of other computer center directors. No NSF
supercomputer center directors and only one-sixth of
other computer center directors (16 percent)
reported a decline in the adequacy of their rescarch
eguipmeat.

Equipment Needs and Priorities

Almost two-thirds (64 percent) of computer center
directors reported that researchers were unable to
perform critical experiments due to a lack of needed

cquipment (Table 11).

Like departments of computer science, computer
centers also generally experienced increased
instrumentation nceds over the last three years: this
was true for all five NSF supercomputer centers 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.
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Table 11. Computer center divecton’ sssessments of squipment

needs and priorities, 1589
NSF
super- Other
\ . Total . computer
conters centers
{percent)
Cannot do critical experiments
aue to iack of needed aquipmen o4 80 84
Changee in instrumaniation needs
over 1908-89
FICTORIPO ......cevvesimsonsnosnansstsrmsonosars 78 100 75
Aemained the same....................... 2 0 Fi
Dacreased, 4 0 4
Area where increased funding would
be most beneficisl
Syatems over $1 millony.................... 54 100 52
Sysiams in $50,000-$1 métion
ange. rensase k| 0 3
Systems In $10,000-$50,000 range 13 ] 13
Enhancement of genersd lab
aquUipment (generality less
han $10,000)..............ccccvcevmemrmncne 2 ] 2
Other systems... | 0 2

21
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Engineering

In 1988, the 174 institutions represented in this survey
contained an estimated 942 engincering departments
and research facilitics with at least one item of
rescarch equipment costing $10,000 or more. In
addition, they containcd an estimated 16 eagineering
“supersystems” -- large, sclf-contained research
systems outside the department structure, often with
large amounts of sonmovable cquipment, and usually
costing several million dollars (e.g., very large wind
tunnels, acoustic test facilitics, towing tanks, magnet
labs).

Annual Expenditures

After increasing by $78 million from 1982 (396
million) to 1985 ($174 million), annual purchases of
engincering research cquipment increased an
additional $77million in 1988 to a total of
$251 million, an mﬂatzon-sd)usted increase of 33
percent (Table 12).! Thus, cngincering was unlike
computer scicnce in that it maintained a steady,
ncarly linear growth in equipment expenditures over
theentitclm-SSperiod. This is consistent with
ttends m the overall level of engineering R&D
which had a similar rate ofgth.
from $1.4 billion in 1985 to $2.1 billion in 1988."
bothmrs,mstmmemmonpmchmammtedfor
about 12 percent of total R&D cxpenditures in

engineering.

Among the major subficlds of engineering, electrical
enginecring purchased the largest amount of research
cquipment in 1988 (561 million), accounting for
24 percent of the enginecring total.  However,

cquipment expenditures grew at faster rates from
1985 to 1988 for materials cngmecnng3 {up an
inflation-adjusted 41 percent to $41 million) and
mechanical engineering  (up 3] pereent o
$32 million) than for clectrical engincering (up

purchased
1988. Information is not available about previous spending
levels at these installations.

nsp 89226, p. 17.

1305 used here, "materials eagincering” includes materials science

research facilities, departments of materials science and
engincering, snd departments of cersmic, materials,
metallurgical, mining, and petroicum engineering.

19 percent).  Expenditures in chemical and civil
engineering remained relatively stable.
Tabie 12. Trends in equipment-relsied annual axpendRures In
angineenng, 1982-88
Type of
- 1962 | 1985 | 1088
{mimone)
Equipment purchases, fotal ............ . 8§98 $174 8251
Bectrical " 7 )]
Mechanical.. s 23 2
Matariais. 17 27 .
Chemical 10 Y4 ”
OMU..c.ocoreeeeersseersscss s sssessissssesees 1 ? 14
Omer 19 @ 8
Suparzysiema - 3
MAINSOnance and TepaK ........................ 21 83 »
Service contracts &
e - 13 18
Other (salaries, tooks, 88C)............... 20 o]
Operation of research
SUIDIIONL.....cvvvsre e renrseie csrrse seoe "]
Tochnician Saanes.............co... 73
Other (e.g., supplies)................ - 15

Note: DefaRs may not add o tolals because of rounding.
SOURCE: Nalional Science Foundalion, SRS

Expeaditures for maintenance and repair of research
equipment increased modestly from $33 million in
1985 to $38 million in 1988, following a much larger
increase from $21 million in 1982 (Table 12). Unlike
computer scicnce and computer centers, engincering
departments spent less 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 1989, the aggregate purchase price of
all in-use engineering rescarch cquipment in the
$10,000 to $1 milion range increassd from $295
million to $435 million. Over the following three
years, from 1985 to 1988, the amount of cquipment in

this cost range grew at an even faster pace, nearly



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

Tabie 13. Aggrepate purchase price of SCECSRNC NSEERCY) squipment
costing $10.000 O MoOre per sysiem N angineering. by
sudfieid, focation, and price range 1985-88

focation, and price 1965 | 198

{miltions)
Total, eXCopl SUPSISYSIOMS ........c.cocveeeceeerneineaese $462 $584
Systems costing $10,000-$895.999................. 435 828
Systems costing $1 mition ormove ................ 27 56

Note: Detsils may nol add to foials because of roUNdinNg.
SOURCE: National Sclence Foundation, SRS

As well as the $828 million in 1988 rescarch
eqmpment costing under $1 million per unit,
engincering departments and rescarch facilities
contained $56 million in research systems with unit
costs of $1 milion or more, and engineering
supersystems contained an additional $49 million in
movable rescarch equipment, for a total approaching
$1 billion ($932 million).

Among the subficlds of engineering, the greatest
dollar amount of rescarch equipment was in electrical
engincering ($249 million), which also had one of the
highest ratu of growth from 1985 to 1988

(lmyacmt) Materials enginecring had the single

M yese growth rate figures Bave been adjusted for inflation.

h@eﬂgrmhme(mpement)mdthemd-
largest total amount of rescarch equipmeat (5189
nulhon) The remaining major subfields of
engincering had rates of growth in research
instrumentation that were substantial (56-76 percent),
but well below those of the two largest subfields
(Tabie 13).

Over onc-third of the tolal investment in engineering
rescarch equipment was concentrated on equipment
mtchlOMtoWMpmennge(ﬂpemcﬂm
both 1988 and 1985). The equipment price
distribution did not change significantly from 1985 to
1988, with cach price range maintaining essentially

cquivalent proportions for both time periods (Table
13).

In contrast to computer science departments and
computer centers, where  existing  research
instrumentation comsisted almost entirely of
computers, a wide variety of equipment types were
foundmengmeenng.mhrgmg@emmm

computers and data handling equipment, accounting
for 33 peccent of the $829 million in equipment in the

$10,000 to $999999 range (Table14). Other
categories accounting for relatively large amounts of
equipment were materials testing 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 sputtering/
deposition/plasma ctch systems ($11 million).

The types of in-usc rescarch cquipment varied
considerably among the subfields of engincering. For
clectrical engincering (which includes computer
daubnndlinseqni;ment(ﬂpum).wﬁhmhﬂ
21 percent ($50 million) in major prototype
instrument systems such ss molecular beam epitaxy
and other electron/ion/molecular beam systems ($13
million). MMNMWM
had relatively small investments in computers
(10 perceat) snd major prototype instrument systems
(11 percent), but had substantial investments in
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Table 14. Types of angineering ressarch equipment cosing $10,000 1o $1 million, by sublield, 1963

Enginescing subliskd
Eguipment type Totad
Bectrical Machanical Matorials Chemical Ol Onwer
{milsons of dollars)
TOMR.....ooovoeooereeeeceiteasnes s rnis st aaiesen e srsas $8208.7 2.5 $1268 $8ss $65.5 $50.0 $1831
Cpercent of Investment)

Compirters and dala handitng .................... D ) 2 10 ) 27 N
Computer systems $200K4 ...........cccenes 7 8 17 2 ] 8
Menicomputers ($50-168K) &

PETDRIMEI . o.ocorrarriencraecssnssssans s 10 18 10 3 4 7 13
Wworksiations ($10-48K) & networks ......... 9 15 8 3 9 ] 10
Al OINST COMPUIST BYNOMS .....oocccvvnninans 7 10 9 2 8 1 8

METOnsin HSHNG ........c.cnvmaeinmrvernrreasnssisanaens 1" 2 13 ] ] 1 2 14

MICTOSCOPeS & BOCEIRONNS ........oniurranmmeanne s 1 <1 2 1 1 4

RECONSHrS, CAMeTRS, & SieC. BPPATEILS....... 7 8 10 [ 3 3 k4

Spectroscopy & ight messurement............ 7 4 2 18 19 4 1

Major prototype Instrument systems ........... 12 s} 8 1" " 8 ]

AR OINOr SQUIPMBNT .........coosieissmssarsrorssas 4 15 24 18 % n 3B

NOTE: Perceniages may nol add 10 100 Decause of rounding.
SOURCE: Nafional Science Foundation, SRS

microscopes and accessorics (22 percent), materials
testing equipment (18 percent), and spectroscopy and
light measurement equipment (16 percent).
Equipment investments in mechanical and civil
engincering were both  heavily concentrated in
computing and materials testing equipment (which
together accounted for over 55 percent of total
investment in both subficlds).

Department Assessments

Enginccring ¢opartment beads tended to report
recent improvements in the adequacy of their
research equipment, though not to the same degree
as was secn in computer science. The percentage
describing their equipment as insufficient declined
moderately from 50 percent in 1983 to 41 percent in
1989 (Figure 5).

to pursue their
1986 and 1989

engineering faculty In

Figure S. Capabiiity of existing equipment to enable
major research inferests: 1983,

NOTE: Parcastage may nos sum to 100 becauso of rounding.
Source: National Science Roundation, SRS N




Most department heads (69 percent) reported
increases in their amount of research equipment over

the last three years: 23 percent saw a substantial
increase, and 46 percent a moderate increase (Table
15). In addition, half of the engincering department
heads (51 percent) reported an improvement in the
overall adequacy of their rescarch equipment, .

Tabie 15. Engineening depariment heats' ssaesements of recent
changes in squipment amount and adequacy, 1980

Depanmental Peoroent of
ASERSEMeNt departments
TOM.......ooocrticciictrirnnee e crreeneneaene sousenasemes 100
Change in amournt of usabie ressarch
equipmend in fast 3 ysars
Increased substantially
(Mo an 80%) .........c.cccconevninriennnes 23
ncreased 48
Ramained the same
WRNIN 10%).........ocemn e e 14
DOCrORsed.............ccooemrvmvercrvcsnnnrcinmrsenes 4
Decreased substantiaily
MOre than BOW).........cc.eeeesimeiereecarnne ]
Change in adequacy of research
oquipment In las! 3 years
improved. cneene L]
Remained the same 3
DOCHNRG.........cccoconrenvearrrrrens s srnssmssenssnnan 18

Note: Rercentages may not add to 100 because of rouncsing.
SOURCE: National Science Foundation, SRS

Consistent with the longitudinal data on trends in
inventory size, reports of substantial increases in
amounts of research ecquipment (i.e., increases of
omﬁwwmmWedonunlnc)m
especially widespread among clectrical engincering
departments (49 percent), and clectrical engineering
department heads were also especially likely to report
improvements in the overall adequacy of their
rescarch equipment in the last three years (Table 16).

Tabie 18. Enginesring depariment heads’ assssaments of thelr
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Sources of Inventory Funding

In relative terms, funding support for engineering
rescarch equipment has remained fairly stable over
the period 1982-88, Overall Federal funding support
declined somewhat, from 48 percent of the total in
1982 to 38 percent in 1988, but this was offset by a
relative increase in support from state government
appropriations, which rose from 6 percent in 1982 to
15 percent in 1988 (Teble 17). Most other
engineering equipment funding sources showed little
fluctuation in their relative share of the total funding

pie.

hﬁelMpumiPederdfmdmgnppm‘tfm
engincering research became increasingly
focused om "big ticket® items costing $400,000 or
more. Federal funding accounted for only 29 percent
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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 scen for cquipment at the other end of the
cost range. Thus, Federal funding accounted for 40
percent of the total investment in $10,000 - $49,999
items in 1985, but declined to 31 percent by 1985,

Tabie 17. Sources of funds for acquisition of research squipment in

snginesnng, 1982-88
Source of funds 1082 19851 1938
Yotal {milllons of dollars) $295 $435 4829
{percent)
FOOQrSI BOUTCES.. ... emrrminieinnas 48 a2 B
NSF.....cccnvnnnenr 17 14 12
NIML e 1 1 1
Department of Defense ................... 19 15 17
Department of Energy ..............cco.o.o.. 6 8 4
OHNBT............ooverercsincsistraerecacas 5 5 3
Non-Federal sources.... 52 58 &
institution funds........ 30 2 27
State govermnment .................c......... 8 8 s
Privale/IDCUSY............cvmiien, 14 20 19
OO .......coneiireireirrieeciniciresestrnsressanes 2 2 2
System purchase price (Federal
percent of total funding)
$10,00048,999...........coooiiiiniiecnaes o N
$50,000-89.999................occocicriiirenns @2 M«
$100,000-399,890.............ccccecenniinnrnns @ 0
$400,000-898,899. .........c.ccocnnrnenininnas 29 50

Note: Details may not add lo tolals becauss of rounaing.
SOURCE: Nalonal Science Foundation, SRS

Increases in equipment inventories were especially
pronour:ced at public institutions, which increased
from $302 million in 1985 to $592 million in 1988 (an
inflation-adjusted 91 percent increase; Table 18).
Private institutions had a lower mvcntory growth rate
(74 percent), and the inventory dollar increase was
onlyaboutonethtrdasgr:atasthatatpmate
institutions. The result is that public institutions,
which contained 69 percent of the 1985 national
inventory of cngineering research equipment,
contained an even larger share in 1988 (71 percent).
This is consistent with a similar shift seen in overall
engineering R&D expenditures, where the public

msmuhonsharcugrewfromGOpereent in 1985 to 64
percent in 1988,

Tabis 18. Sources of funds for soquisition of ressarch aquipment In
enginearing by institutionsl control, 1965-88

Private Pubiic
Source
of funds
1988 1088 1988 1988
{millons)

TOM.....ornrmrennrannraeeer 13 $237 $302 ssa2
Feceral, folal........... »n 130 102 183
NSF. ... k 53 27 54
NI 1 2 3 7

Department
of Defense.......... 2 58 37 %

Deparntment
of Energy...... 3 ] 25 20
other..........ccconve. 9 7 10 17
Non-Federad, folal ... 54 107 200 408
Institution funds... 24 49 98 172
State government - 10 - 114
Private/industry... -] 48 (-] 110
oher.......ccconmaneen. 4 2 7 13

{percen)

ToAal.......ccoveerviirianan. 100 100 100 100
Federal.................... 80 55 34 3
Non-Federal............ 40 45 68 58

Note: Detaiis may not add 10 tolala becauss of FOUNGING.
SOURCE: National Science Foundation, SRS

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
(5172 million), state government ($114 million),
private/industry sources ($110 million), and the
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 S5 percent). The largest sources of
funding at private institutions were Department of

15nSF 89226, p. 23-26.
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Tabie 18. Engineering depariment heacls’ assessments of their squipment needs and prioitties, 19683-08

Departmental sssessment Totad Elacirical | Mechanical | Materials | Chemical o Other ml
Cannol do oritical experiments due io (porcant)
1ack of nesded equipment
IMBR......ooocerrrveumansessssmsssmssressensren 8 98 " " -] 90 (] .
1989..... 70 72 Y] n 3» 56 75 s
Changes in Insirumentation
nesds over past 3 years
....... Be 82 ] 1] ” 7 a2 )
Remained the same 15 5 17 25 23 20 10 17
Decressed 5 13 0 0 ] 2 ] 0
SOURCE: National Sclence Foundation, SRS
Defense ($58 million), NSF ($53 million), institution ~ Equipment Needs and Priorities

funds ($49 million), and private/industry funds
($46 million).

As with computer science, engineering departments
varicd greatly in the chaages in instrumentation
support they experienced. For any given source of
funding support (Federal, state, institution, private
nonprofit, or industry), at least hall 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 instrumentation funding
support over the last three years in
engineering, by source of funding: 1989

v,
v,

Despite the recent inflix of equipment, most
engineering department heads (70 percent) continue
to rcport that there arc 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 nceds have increased between 1986
and 1989 for 80 percent of engineering departments,
and decreased for only S percent.

The percentage of engincering department heads
reporting that increased Federal funding would be
most beneficial for systems in the $50,006 and above
range increascd markedly from 1986 (30 percent) to
1989 (57 percent; Table 20). This is consistent with
the observed trends noted carlier toward increased
Federal focus on funding of big ticket engineering
cquipment,

Tabie 20. Engineering depariment heads’ assessments of where
increased Fadersl funding would be most baneficial, by cost

range, 1983-89
Cost range 1983 19088 1900
{percent)

Sysiams over §1 millon ............... 0 1
Systema In $50,000-81 milon

PRNGR......cnimtnsinsmtaosansssssmsinses 2 % 57
Systems In $10,000-$50,000 range 80 58 3%
Enhancement of general lab

equipment (generally less

AN $10,000).......ocoreeress v er 9 s s
Other sysiems. 3 4 ]

Nole: Percentages may not add jo 100 becauss of rounding.
SOURCE: National Scisnce Foundation, SRS
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Characteristics of needed squipment Total Seciricsl | Mechanionl |  Melerials Chemical o Other

Total aggregale prioe (MINONS of OREFE)......crwerrem 832 " $101 ] 84 a2 1)
Equipment cosl range muwwumw

$10,000-49.000 3 1 1 | -] ] ]

$50,000-80.900 . 7 2 12 3 11 ] ]

$100,000-300,900 3 2 4 St » 7 »

$400,000-000,0600 40 41 2 Q2 48 3 .

$1 MINION OF M. 1" 2 1 n 0 13 ]
Reason that equipment i needed

mnmm" serotnessebsrsranes 13 20 9 18 7 8 12

Expand capecity 0 0 185 ] 40 31 42

Upgrade capabiiities s7 14 kL4 51 5 ) 47

Nole: w«wmmmwmum
SOURCE: National Science Foundation, SRS

Another indication of the growing importance of
high-cost cquipment is that 90 percent of the
Weemtdmemcuchequipmemmdby
engincering department heads as being their three
top priority needs cost $100,000 or more (Table 21).
Much of this equipment was necded to upgrade
department capabilitics (57 percent of the aggregate
pﬁce),whﬂcSOpc:eentwasantoapmd
capacity (more copics of existing equipment), and
13 percent to replace existing instruments.

The overalldnstnbnnon, by type, of needed rescarch
equipment (compare to Table 14), although
differences among subfields were perbaps clearer and
morcpronounwdinthecqnipmentmdsdata. In

clcctrical engineering, for example, high cost
molecular beam epitaxy, ion beam lithography, and

other electron/ion/molecular  beam cquipment
aceomdfornemyath'n'dmpement)ofthc
chrieenfanwpprbﬁtyeqﬁpmentneeds.
Materials testing cquipment was very prominent
cquipment needs in civil engineering (53
puwntofw:price)and,wamwin

mechanical engineering (33 percent). In both
materials and chemical cngineering, and
miuoscoweqtﬁpmenttogﬂhumountcd for about
60pereentofthetopp:iori(yneeds.

Institution Profiles

In 1988, the 20 largest engineering R&D performers
had mean engincering R&D expenditures of $53
miiﬁonperinsﬁtnﬁmandlheywﬂedivclyamunted
for half (51 percent) of

Tabie 22 WdMMMWWﬂMWM.M WMMWMIN

Subfeid
Equipment type Total
Oectrical Mechanical Materials Chemical o Other
Total (MIRIONS Of GOBRSS).....cremessrsumscsssrires 522 528 $101 $o1.7 $425 t K 1534
{peroant of total)

COMPUIDTS NG GRS NBNKING ... rvenessoee 20 3 ‘o2 ] 2 9 4
Computer systems $200K+ ........cneimares ® 14 1) 4 . - 7
All O COMPLASE SYBIBMS ... .ocomccasrnssione 11 2 ] 2 2 9 17

Maloitais toating % 2 k<] 4 4 53 -}

MICFOSCOPEn & BCOBBRONEE ...cccnrviearisssstiinie 13 ] 3 43 24 3 2

Spectroscopy & ight measurement............ 14 2 ] 2 8 11 13

Major Protoftype Instrument systems ........... 18 40 17 10 10 1 12
Dectron/Ion/Mmoleculr Deam SYSems.... ] -] 3 8 <1 . 3
A ofhers ] 8 14 4 10 1 9

Al othar equipment 13 1 4 18 ] 2 13

Note: Dﬂhwmmbmmdm
SOURCE: Nabonal Science Foundation, SRS



expenditures in engineering.'® This section com

these top 20 engincering research institutions --
which are presumably the best-cquipped programs in
the nation — to institutions with smaller engincest
mcmthprog'amsonmeasmtsolavcmgeprogam

The top 20 institutions purchased an average of $4.4
million in enginecring rescarch equipment per
institution in 1988 (Table 23), and they had
accumulated inventories of engincering rescarch
equipment averaging $20.6 million per institution

program, 1583-89
insitution RAD rank
in engineering*
Statistic
20 fargest Other
AVERAGE PROGRAM CHARACTERISTICS
Mesan no. full-time faculty
TOSORICNON................ccocvvcreirirescsnncnn, 19 50
Maan no. Ph.0.s swarded kast year.......... o1 17
MEAN ANNUAL EXPE,{DITURES PER
INSTITUTION
Ressarch aquipment purchases............... $4.409,000 $1.043.000
$184,000
$51,000
$102.000
$405,000
$340,000
$50,000
(percent of depariments)
54
65
NpERIYeNs........ooiemnn, 81 48
Faderal equipment support has
decreassd N past Syeans.................... 7 20

mmmmmmmmm
SOURCT": Nationai Science Foundation, SRS

18nsF 89326, p. 105,

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

Table 24. Chanacterisiics of snginesring ressarch suipment, by size
of research program, 1988

Insifistion RAD mnk
In sngineering*

20 lwrgest Other

MEAN PER INSTITUTION OF SYSTEMS
COSTING $10,000 OR MORE
Aggregale purchase price (miiiions)........ $20,815 8,278
(percent of price)
Location
Department..............cecoovevceeeeenivnnen. 77 74
Nondeparimental research center ....... 18 21
Supensysiems................cocnrveneannn, -] 5
System price range {(perr snt of otal)
$10,000-$40.998 ....................... 31 39
$50,000-890.900 .....................c.....n.... 18 15
$100.0008300000 ....................... 27 2
$400.000-8900.999 ........................ 12 ]
S millonormom.............vea......... 1 1
System year of purchase
MPBOBA ...ttt ns e 48 45
19683-85 - 30 31
19820rbefore..............co.oonevereneen 24 25
System use in 1988
Researchonly............coovvcmceirensnnnn 51 45
Resesarch and tnsiruction. .................... 49 55
OTHER INDICES
Mean $ amount of research squipment
por FT facully researcher..................... $96,000  $58,000
Mean § amount of ressarch squipment
per doctoral degres swarded last yesr $202,000 $175,000
Mean number of research users par
Systamin 1988..............ccoverriencnne.. 192 17.7

/repair
per $1,000 of ressarch squipment........ $35.83 $31.88

Mmmmmmmmw

Note: Wmmmmmmum
SOURCE: National Sclence Foundation, SRS

Othcrthanthmexpecteddiﬁ'erenminprogram
size, however, most instrumentation-related
chmaerkﬁmoflhempmhsﬁmﬁmahoapplhd
to the smaller engincering research programs as well.
For cxample, the distributicn of equipment-related
annual expenditures among the various categories of

'.



equipment purchascs, maintcoance, and operation
was essentially the same for the smaller programs as
for the largest engineering institutions (c.8, both
spent about two-thirds of the total on equipment
purchases and one-third on the combination of
cquipment maintenance /repair and operation). Also,

i in the two types of institutions was
similarly distributed by location (departments versus
specialized nondepartmental facilitics) 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 prononnced in
engincering as was scen carlier for computer science.

On qualitative assessment measures, however,
department  heads in the largest engineering
institutions were more satisfied with their
instrumes stion 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 cquipment 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
rese -* a equipment had increased over the last three
years (81 percent versus 65 percent; Table 23). 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.
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APPENDIX A
LIST OF SAMPLED INSTITUTIONS
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INSTITUTION SAMPLE

Brown University Texas A&M University
California Institute of Technology Texzs Tech University
Colorado St. University University of Arizona
Cornell University University of California at Berkeley
Duke University University of California at Davis
Georgia Institute of Technology University of California at Los Angeles
Harvard University University of California at San Diego
Johns Hopkins University University of Central Florida
Louisiana State University University of Colorado (Boulder & Denver)
Massachusetts Institute of Technology University of Connecticut
Michigan State University University of Dayton
ississippi State University University of Denver

New Mexico Institute of Mining & Technology ~ University of Hllinois
North Carolina State University University of Iowa
Northeastern University University of Kansas
Northwestern University University of Maryland
Ohio State University University of Michigan
Oklahoma State University University of Minnesota
Oregon State University University of Nebraska
Pennsylvania State University University of North Dakota
Princeton University University of Oklahoma
Purdue University University of Pennsylvania
Rockefeller University University of South Alabama
Stanford University University of Texas
Stevens Institute of Technology University of Washington
Temple University University of Wisconsin

Virginia Polytechnic Institute

Washington State University

Yale University
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ADVISORY PANEL MEMBERS

Dr. Peter H. Abbrecht, Acting Chairman, Department of Physiology, Uniformed Services University of
the Health Sciences

Dr. Dennis Barnes, Associate Vice President for Governmental Relations, University of Virginia
Dr. Harvil Eaton, Associate Vice Chancellor for Research, Louisiana State University

Dr. Robert F. Jones, Director, Section on Institutional Studies, Association of American Medical
Colleges

Ms. Carla Raffetto, Senior MIS Analyst, Information Systems and Administrative Services, University of
California

Mr. Allen J. Sinisgalli, Vice Provost for Rescarch Administration, Princeton University

Ex-Officio Advisors

NSF

NIH

Dr. William F. Butcher, Head, Office of Engineering Infrastructure Development, Directorate for
Engincering

Dr. Kenneth G. Hancock, Director, Division of Chemistry, Directorate for Mathematical and Physical
Sciences

Mr. Paul J. Herer, Planning and Resources Officer, Directorate for Engincering

Dr. Joseph Reed, Program Dircctor for Instrumentation, Division of Chemistry, Dircctorate for
Mathematical and Physical Sciences

Dr. Alvin 1. Thaler, Program Director, Civision of Computational Mathematics, Directorate of
Mathematical and Physical Sciences

Dr. James W. Firnberg, Chancellor (retired), Louisiana State University, Special Consultant to NSF

Dr. Murray Eden, Chicf, B'omedical Engincering and Instrumentation Branch, Department of Rescarch
Services

Dr. Caroline Holloway, Acting Program Dircctor, Division of Rescarch Resources, Biomedical
Technology Rescarch Program

Dr. Michael Rogers, Program Administrator, Pharmacological Science Program, NIGMS

Dr. Marjorie Tingle, Program Director Biomedical Research Support Program, National Center for
Research Resources
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