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HIGHLIGHTS

This monograph is onc in a series of analytical reports prescnting findings from the National Scicner

Foundation’s 1989-90 National Survey of Academic Research Instruments and Instrumeniation Needs. It
describes recent national trends in academic research equipment and equipment nceds in the physical sciences.
The data were obtained from a sample of 55 universities statistically sclected to represent all institutions with
science/cngincering 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 aud
priorities refers to the year the survey was conducted; information about equipment amounts and expznditures
refers to the year prior to the survey (i.c., 1988, 1985, and 1982). The study is limited to rescarch. equipment

originally costing $10,000 or more per system.
Existing Research Equipment

Even with the exclusion of 18 large university-administered Federally funded R&D centers, instrument
systems costing $1 million or more account for 35 percent of the current total invesiment in
physics/astronomy research equipment ($551 million). Instrument systems in this cost range are
essentially nonexistent in chemistry, accounting for less than 1 percent of current investment ($537
million).

Most research equipment in chemistry is Jocated in traditional academic departments (92 percent of
current investment). Much of the research equipment in physics/astronomy is located in specialized
rescarch centers outside traditional departments (44 percent of investment).

For research instrumentation in the $10,000 to §1 million range:
- Chemistry has a larger current inventory (3532 million) than physics/astronomy ($357 million).

- In the three-year period from 1985 to 1988, chemistry had a greater net increase in its national
inventory than did physics/astronomy (59 percent versus 42 percent, controlling for inflation),

- The chemistry inventory is dominated by spectrometers (61 percent of current investment) and
computers (9 percent). In physics/astronomy, computing equipment accounts for 31 percent of
current investment, spectroscopy equipment represents an additional 17 percent, and other types
of equipment account for the remaining 52 percent.

Funding Sources

In chemistry, funding for instrumertation in the current inventory was evenly divided between Federal
and non-Federal sources (50 percent each); in physics/astronomy, Federal sources accounted for
64 percent of the total investment, and non-Federal sources accounted for the remaining 36 percent.

In both chemistry and physics/astronomy, aggregate instrumentation investments increased from 1982 to
1988 for all major funding sources. In relative terms, the largest increases were found for institution-
funded equipment (which grew in physics/astronomy from 14 percent (o 27 percent of the total); NSF
showed the largest relative decrease (in physics/astronomy, the NSF share decreased from 29 percent in
1982 to 24 percent in 1988).



Annual Expenditures

In both ficlds, controlling for inflation, expenditures for purchases of rescarch cgquipment were
essentially the same in 1988 as they had been three years carlier: $102 million in physics/astronomy and
$84 million in chemistry. This contrasts with the previous three-year period (1982-85), which saw
substantial spending increases in both ficlds. Examination of other data (e.g., trends in total R&D
expenditures) suggests that 1985 was a year of unusually high equipment spending, rather than 1988
being a year of unusual retrenchment.

Equipment Needs

In both ficlds, a growing need for big ticket rescarch equipment was evident, For example, in chemistry,
the percent of department heads saying increascd Federal support is most nccded for equipment in the
$50,000 and over range increased from 54 percent in 1983 to 81 percent in 1989. In both ficlds, over 90

percent of the aggregate cost of all reported top-priority equipment needs was for systems costing
$100,000 and above.

In chemistry, 95 percent of the aggregate cost of the reported top priority equipment needs is in NMRs
or mass spectrometers (57 percent), other spectroscopy equipment (22 percent), and computing
equipment (16 percent). Physics/astronomy departments had much more diverse needs, with
spectroscopy and computing equipment each accounting for 16 percent, and the remaining 68 percent
being distributed among many other types of equipment,

Perceived Trends

Most chemistry department heads scem pleased with the cquipment trends they have experienced in the
last three years: 84 percent reported net increases in the aggregate dollar amount of their equipment,
and 71 percent reported qualitative improvements in the overall adequacy of their equipment; 70 percent
characterized the general adequacy of their current equipment as adequate or better. The largest
chemistry R&D programs produccd the most positive perceptions, but the differences between the
largest and the smaller institutions were not very great.

In physics/astronomy, the general level of satisfaction with current instrumentation and with recent
'rends was consistently lower than in chemistry (c.g., only 54 percent of department/center heads
described their current equipment as adequate or better, and only 41 percent said the adequacy had
improved in the last three years), and the differences between the 20 largest physics/astronomy research
programs and the smaller programs was more pronounced (e.g, 80 percent of physics/astronomy
department heads at the largest research institutions reported adequate or better current cquipment,
versus only 48 percent of those at smaller institutions),



BACKGROUND

This report describes recent trends in academic
mseamheqmpmentmdeqmpmenlneedsmme
physical suenm (chemistry and  physics/
astromy) The data come from the 1989, 1986,
and 1983 cycles of the National Survey of Academic
Rescarch Instruments and Instrumentation 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 ecmerging
instrumentation nceds and trends in the amounts,
costs, and characteristics of cxisting academic
research equipment in selected science/engineering
(S/E) ficlds. The survey program was undertaken in
response to a Congressional directive to the
Foundation to: "...develop indices, correlates or other
suitable measures or indicaiors of the status of
scievtific instrumentation in the United States and of
the current and projected nced for scientific and
technological instrumentation.™?

The most recent data were collected in 1989 from
physical science departments and research centers at
a sample of 55 universitics and colleges statistically
selected to represent the 174 largest R&D-
performing institutions in the nation. The beads of
these departments and centers were asked to
completc a department questionnaire concerning
their expenditures, prioritics, and nceds for research
equipment. In addition, samples of existing research
equipment were sclected in each department and
research center, and the respomsible principal
investigator was asked to complete a bricf data form
concerning the instrument’s cost, age, condition, ctc,
The equipment sample was selected to represent all
instrument systems originally costing $10,000 or more

1A companion report  discusses instrumentation trends in

engincering and computer science. Additional analytical reports
conceming other ficlds and topics sre planned for issuance in
mid-1991.

A. The universe

3 I'he sampied institutions ase listed in
this sample represents consists of the 174 universities and

colieges with reported nonmedical S/E R&D itures of $3
million or more in Fiscal Year 1984, These 174 institutions
collectively accounted for 98 percent of all FY 1984 nonmedical
scademic S/E RAD expenditures, of which S7 perent was
emmdbymcuwymﬂedssm&nrm (Nmoml
Science  Foundation, S Cienc inee R&D

that were used for S/E research at any time in 1988,
The resulting data were statistically weighted to
represent all such ent at all institutions
represented in the survey.

The survey excludes equipment assigned to any of 18
university-administered Federally funded research
and dcvdopmem centers (FFRDO;)’ The
instrumentation in these large national labs
(l.awrm..Livermme,Brookhwu,Oadege,ﬂc.)
is well known to the sponsoring agencics and is
outside the scope of this study, However, academic
institutions also contain a number of other
specialized, custom-built research facilities in high
encrgy physics and in astronomy that consist of large,
integrated instrument systems costing over $1 million
(rescarch  reactors, eclectron storage  rings,
observatories, etc.). Such "supersystems® were
excluded in previous cycles of this survey but are
included in the current (1989) cycle. Findings for
these supersystems are not included in trend analyses.

All 55 sampled institutions participated in the 1989
survey, and data were obtained for all of the 31
supersystems at these  institutions. Usable
questionnaire responscs were obtained from 144 of
the 158 surveyed departments and research ceaters
(91 percent) and from 2,215 of the 2,412 sampled
research instruments in these departments/centers
(92 percent).

Findings from the current (1989) survey are
compared to those from similar surveys conducted in
1986and1983mcxammetrendsovenhclhrccycar
intervals between surveysS In all three surveys,
information about current cquipment needs and
prioritics was obtained with reference to the year the

‘Aﬂdmaummmknponluhmcfomdmm

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
sdditions! information about details of the study’s sample design
and data collection instruments and are available
upon request from NSF. Detalled statistical tables, from which
the information presented in this report was distilled, are also
svailable upon request (contact Dr. Eileen Collins at NSF/SRS,
202-634-4655.)

The 18 excluded FFRDCs are listed in Appendix B,

%mammuﬁmofmfmmmﬂm
sce:  National Seience Fmdtﬁon,

Equipment in Selected Science/Entine
1985-86, SRS 88-D1, (June) 1968,
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survey was conducted; information about equipment
amounts and expenditures refers to the year prior to
the survey (i.c., 1988, 1985, and 1982, respectively).

This report first describes current status and recent
trends in existing and needed research equipment, It
then presents statistical profiles contrasting the 20
largest (and, pwsmably best-equipped) R&D-
performing institutions in a field (chemistry or
pbysics/sstronomy) o 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) describe the kinds and amounts of
cquipment that are to be found at the best-equipped
academic research programs in the nation, and (b)
assess how the equipment situations of the
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. Burcau of Labor
Statistics Producer Price Indices for equipment-
related products.

11



EQUIPMENT INVESTMENTS AND EXPENDITURES

Current Amount and Distribution of
Research Equipment

At the end of 1988, the aggregate purchase price of
all in-use chemistry rescarch cquipment costing
$10,000 or more per system was an estimated $537
million (Table 1). This is cquivalent to $156,000 of
mcafch cquipment per faculty rescarcher in
chemistry. The analogous figures for physics/
astronomy arc $551 million in total research
cquipment, $127,000 per faculty rescarcher. These
differences  between  chemistry and  physics/
astronoxy would have been considerably larger if
equipment in the 18 Federally funded R&D centers
(FFRDCs) had been included, since most of the
FFRDCs are large astronomical obsecrvatories or
facilities for research in high energy physics. Even
with the exclusion of FFRDCs, however, a substantial
portion (35 percent) of the aggregate price of all
remaining $10,000+ academic rescarch equipment in
physics/astronomy is for instrument systems in the $1
million and over range (Figurc 1). By contrast, less
than 1 percent of the current (1988) equipment
investment in chemistry is for systems costing $1
million or more. Most of the investment in chemistry
equipment (84 percent) is for systems costing $10,000
to $399,999.

Table 1. Aggregats purchase price of academic ressarch
squipmant costing $10,000 of more per system, in
d»ﬂﬂwymd&l?yﬂu/mmmy, by cost range

and location: 1
System cost range Chemist Physics/
and focation Astronomy
{doliars in miitions)
Yotal 5%8.7 8512
Systome in $10,000-§999,999 range ..........  532.3 358.7
in academic departments ............... 487.5 2
NISSORICNCONINML...........cocvevvmrrcmrsisiens 448 78
Sysloms $1 MIlON OF MOM e cererrene 44 1945
Supersysiems . 0 1”218
ODSUVEIOMIL. .............oocecinerrnerensnsnsanias 0 8.7
Nuciear science facifties...................... 0 87.9
OIMBN..........occcoiavimmnsaneessarsninn s sperosessnosevssnes 4.4 728

Chemistry and physics/astronomy also bave very
different profiles regarding the location of their
rescarch cquipment. In chemistry, most research
equipment (92 percent of current investment) is
located in traditional academic departments, and the
remainder (8 percent) is in specialized research

Figure 1. Percentage of aggregste price of all $10,000+
moveable rescarch equipment in chemistry and

physica/astronomy by cost range: 1988

base = $536,600,000 base = $551,227,000

R 510,000 - 549,999
$50,000 - $399,999
3 $400,000 - 5999,999
$1 million or more

Source: National Science Foundation, SRS

Figure 2. Percentage of aggregate price of all $10,000+
moveable research equipment in chemistry
and physica/astronomy by administrative
location of equipment: 1988




Table 2. Trends in ressarch squipment amounts and expenditurss in chemistry and physics/sstronomy: 1982-88

Chemistry

Prysics/sstronomy

19682

1988 1988 1962 1988 1988

................. 3k |

s
|
?

RELATIONAL INDICES

Annual purchases () as & peroent of
aggregeie squipment amount (SIOK-$1M) .................... 17

Anntial sguipment purchases {a) as a
percent of tolal RAD axpenaRures**® ........................ 13

(doliars in mikons)

27 532 180 NS 57

19 16 10 13 11

*Estimates 0 not Inckude supersysiems.

**Frojection assumes that 35% of physics/astronomy purchases Are for systems $1 mition or more, and hatl, in both Giscipiines, 10 percent are

under $10,000.

“Denominaiorn are from Academic Sclences/Engineernng
Foundalion, NSF 88-329, 1900,

Source; National Science Foundation, SRS

centers (Figure 2). In physics/astronomy, however,
only about half (56 percent) of the equipment
investment is in department-bascd labs. The rest is in
nondepartmental rescarch centers (22 percent) or in
supcisystems (22 percent). These physics/astronomy
"supersystems,” which 2re defined as specialized
rescarch facilitics organized around single very large -
- and often nonmovable -- instrument systems,
vomprise 33 observatorics with an estimated $54
milion in movable research equipment, and 17
ouclear science facilities (rescarch reactors, cic.),
mtmmnganestxmatcdSﬁSmﬂhonmmovable
research cquipment (Table 1).7

Trends in Equipment Amounts

Earlier cycles of the equipment survey were limited
to research instrumentation in the $10,000 to
$999,999 rangc, so analyses of time trends must be
limited to equipment in this range. In chemistry, the
aggregate amount of research equipment in this cost
range has increased steadily and substantially, from

cosis of these inciuding both fixed and movable
are million for cbscrvatories and $566 million
for nuciear science facilities,

08, Detalled Sialistical Tabies, National Science

3211 in 1982 to $532 million in 1988 (Figure

3). Controlling for inflation, the net increase over the
period 1985 to 1988 was 59 percent. For cquipment
in this cost rarge, physics/astroromy has also shown
steady growth, though from a somewhat smaller base
and at a somewhat slower pace. Thus, the amount of
equipment in physics/ astronomy increased from
$180 million in 1982 to $357 million in 1988, with a
1985-88 growth rate of 42 percent.

Figure 3. Aggregate purcha.e price of academic research
equipment costing $10,000 - $999,999 in
chemistry and physice/astronomy: 1983-88

6001

$532
»
5004 /
/
400 387
27, 7 y
2 g
S 3001 ~
é $211 ~
2004
» $180
100
— = Chemistyy
0
1982 1985 1988
SURVEY YEAR




In addition to collecting information about nct
changes in aggregate cquipment amounts, the survy
othdinfmaﬁmabomnmdsinlevelsofmual
cquipment purchases. In chemistry, annual

i for the acquisition of additional
research equipmeat in the $500 and over range more
than doubled from 1982 ($39 million) to 1985 ($81
million; Table 2). In 1988, however, the level of
eqnipmwpurchaseswuesscnﬁaﬂymesameasin
1985: $84 million, which represents an absolute
increase of $4 million but a constant-dollar decrease

of 4 percent.

Physics/astronomy exhibited a similar trend in annual
equipment which increased substantially
from 1982 (352 million) to 1985 ($91 million) but
then increased very little from 1985 to 1988 ($102
million, an inflation-adjusted increase of only 3
percent). When the figures are adjusted to reflect
cstimates for cquipment in the $10,000 to §1 million
ranp,ratherthanaupwchasesssm“dabow,the
dollar amounts are reduced (especially for
physics/astronomy), but the time trends remain the
same (Table 2).

In both chemistry and physics/astronomy, in both
1982 and 1988, estimated annual purchases of
rescarch equipment in the $10,000 to $1 million range
were cquivalent to 14 to 17 percent of the aggregate
purchase price of all in-use rescarch equipment in
this cost range. Against this standard, the level of
equipment purchases in 1985 (20-22 percent) was
unusually high in both fields.

Another (and perhaps the best) way of expressing
relative annual levels of equipment purchases is as a
percentage of total academic R&D expenditures for
the year in question. On this index, 1988 research
instrumentation expenditures in  chemistry (15
percent of all chemistry R&D cxpenditures) were
about the same as they had been in 1982 (13 percent;
Table 2). Similarly, instrumentation itures in
physics/astronomy were about the same in 1988 (11
percentoftotalR&D)astheyhadbcenianZ(m
percent of total R&D). This suggests that, while
rescarch  ecquipment  amounts and annual
expenditures increased consderably in the physical
sciences over the 1982-88 period, the increasc was
proportionate to the overall growth in academic
research in the physical sciences over this period, and
cquipment has become neither more nor less
prominent as a contributer to total rescarch costs.

Other Equipment-relatea
Expenditures

In addition to the expenditures required to replenish
and upgrade equipment stocks, rescarch institutions
must expend funds for the maintenance/repair and
operation of  existing cquipment. In
physics/sstrcnomy departments and facilitics, almost
as much was spent for mainienance/repair and
operaﬁonmadsﬁnsequipmeminlm“fmthc
purchase of additional cquipment (Figure 4).
Equipment operating costs (mainly technician
salarics) were  especially i in
physics/astronomy, accounting for one-third of all
equipment-related expenditures. In chemistry, where
there arc fewer large, technician-operated instrument
systems, operating cxpenses were lower (18 percent
of the total) and cquipment purchases were
correspondingly more prominent (68 percent, versus
56 percent in physics/astronomy).

Figure 4. Compdﬂmdupmﬂmutorpum
muintenance, and operations of academic
rescarch equipment in chemistry
and physics/astronomy: 1988

Trends in research equipment operaling costs cannot
be assessed, since information about operating
cxpenscswasobminedfonhcﬁrstﬁmeintheamcm
(1989) study.
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Table 3. Tmmmmmmwummmmm/mm 19682-88"

Chemislry Physica/astronomy
1982 1985 1968 1082 1966 1988
{dokars in mitions)

TOTAL AMOUNT
Research squipment purchases $500+ peritam............... » )] 84 52 4] w02
Maintenance /repair {M/R) of ressarch equipment. ........... 12 17 17 18 s} 19
Operation of ressarch squipment {echnician salaries,

supplies. #ic.)............................ - - 23 - - 80
RELATIONAL INDICES {percant)
Annual sguipment M/R as a percent of annual squipment

purchases.... 3 2 20 31 2 1
Annual equipment M/R as a percent of aggregate purchase

price of existing equipmentee 8 § 3 7 7 4
*Estimates 0o not includs supensystems.

~mmmmzmmmmmn mifion,

~ Not ascerntained.
Source: National Science Foundation, SRS

Information about trends in maintenance /repair
expenditures is  available, however, These
expenditures increased from 1982 to 1988, but not at
the same pace as equipment expenditures or
accumulated equipment stocks (Table 3). When
expressed as a percentage of the aggregate cost of
existing research cquipment in the $10,000 to $1
million range, maintenance/repair expenditures in
chemistry appear to have declined markedly, from 6
percent in 1982 (which was already well below the 10
percent  figure often  cited equipment
manufacturers as the rule-of-thumb norm for
equipment maintenance) to 3 percent in 1988, A
similar trend occurred in physics/astronomy, wherc
1982 and 1985 maintenance/repair expenditures were
equivalent to 7 percent of equipment
purchase cost, which dropped to 4 percent in 1988,

This finding may signal growing difficulty in the
physical sciences in obtaining adequate funding for
equipment maintenance, It is also possible, however,
that the downward trend in
maintcnance/repair expenditures may not be real,
“onceivably, with the opportunity to report both

mviouslyhenrcpomdasmaimm/repabmy
havebeensbiﬁedintotheopmﬁngmwegmyin
1989. All that can be said at this point (i.e., until the
next survey is done in 1992) is that the survey has
raiscd a question about possible emerging problems
in the area of equipment maintenance /repair.



SOURCES OF FUNDS

In both chemistry and physics/astronomy, the overall
increases in research equipment stocks over the
pcnodeneommedinthkmwchreﬂcagmwm
cumulative funding contributions from all major
sources (Figure S5). These contributions and
increases have not been of uniform size, however.
The aggregate amounts of equipment funded from

NSF and from internal institution funds has beeca
hrgﬂandhasmmedfasta(puﬂculnlyﬁm
1985 to 1988), in chemistry than in
physics/astronomy. The 1985-88 net increase in the
amount of institution-funded chemistry equipment
(from $100 million in 1985 to $200 million in 1988)
was especially These trends favoring
chemistry have been somewhat offset by the fact that
FedetalmnuesotherthuNSthveprmded
greater  instrumentation funding support
phyucs/asu'onomythanmchemstrylhonghthe
difference was less. pronounced in 1988 than in
previous survey years.

In addition to NSF, the major Federal
instrumentation funding sources in
physics/astronomy are the Department of Energy
(DOE, currently 16 percent of the total support) and
the Department of Defense (DOD, currently 13
percent; Table 4). In chemistry, the National
Institutes of Health (NIH, 13 percent of total

funding) follows NSF (26 percent) as the principal
Federal funding source.

As well as looking at overall trends in funding
amounts and funding shares from various sources, it
is of interest to examine how widely the macro-trends
have been distributed across departments. In
chemistry, many more departments reported 1986-89
increases in Federal instrumentation support and
pmwdmndsinsuppmﬁ'manm(ds
puwnt)thnr:pwtcddeumuml’dudmppon
(16 percent; Table 5). The opposite was truc for
physics/astronomy, where omly 24 percent of
departments and rescarch centers reported increased
Federal instrumentation support and 33 percent
experienced decreases. For all other funding sources
uwen.themdehamimydepumm
reporting increased instrumentation funding was
greater than the comparable percentage of
physics/astronomy departments.

Phvsics/astronomy supersystems seem to have fared
somewhat better than regular physics/astronomy
departments and facilities over the 1986-89 period.
Thus, over half of the obscrvatories reported
increased equipment funding from institution sources
(58 percent), and nearly balf reported increased
Federal funding (48 percent). Many nuclear science
facilities received increased funding from industrial
sources (58 percent), and 22 percent had increased
Federal funding; none had reduced funding from
cither of these sources.

Table 4. Sources of funds for soquisition of ressaroh squipment in chamistry and physics/astronomy: 1982-88*

Chemistry Physics/sstronomy
Sources of funds
1982 1965 1988 1982 1965 1988
Total (aggregate purc’ase price, n mévons of doliars).... 211 327 $532 $150 245 3357
(percent of total)

FOOOMSL, 1008 .........ccomcriicnisisnisnsmissscssmasnse sansnsmsnsstns e s ) 82 50 78 ] 84
NSF ..ot cteriecrsestes eeseresasasssstasss sssras s bastassisatsassssusnsssnsaasses 34 i 26 2 25 -]
NIH oo rractrasestss st as ssnere srsssssssrranesassn b stasmtans 9 11 13 1 1 <1
DOD....occeisicrscnsiresssnrsnssioriens 5 § 8 13 12 13
DOE........... 3 8 4 18 14 16
OUBH (NASA, BE.)......ccvvrrrrarersnsrssscsaisstsssssssssssssssnsssns [l s 1 17 13 10

Non-Faderal, 1ol .................coricunssemrerncnsnsinsnnnns 48 48 50 2 34 <
NSHIULON UNDS...........ccococmssmssnns terrrarsssesansecerss a8 N 38 14 24 a7
SIBl0 QOVEIMIMONE ...........c..oirmrnnirrssastemss sssrarasssssatsencens 3 5 ] <1 2 4
Private/industry 7 ] [ 7 ] 4
Other /unknown 1 4 1 2 2 1

*Estimates are for research squipment costing $10,000-§990.990 per unit

Nots: Detalls may not sum Jo 100 becaise of rounding.
Source. National Science Foundation, SRS



Figure 5. Contributions to aggregate amount of research eguipment in
chemistry and physics/astronomy by source of funds: 1982-88
CHEMISTRY
$72 N 1952
NSF 7190 1985
* Jone 1o
—
Other Federal sources $80
18132
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Institution funds $100
18200
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Other non-Federal sources 71558
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Other Federal sources $100 .
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m 1
Institution funds 7] $58
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Other non-Federal sources | $25
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Source: National Science Foundstion, SRS
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Table 8. mmmwmwmmmmmmwmmmw
physics/astronomy: 1988 to 1988

Departmenta./contern Supersystems
Runding aource -
tr::s n o Observatortss nesne
suppont Chemistry astronomy - facilities
Number of departments/centers/supenystems............... 194 220 3 17
{Percent)

FOORTRI QOVINTHTIIN...........cocenrruvarrarnersrensersrctmsasssssasacsaress 100 100 100 100
MICTOBIOU........cvevevererenssnesnnmesbrnentnacseasssonentbncr bt entrnrenstns 43 24 48 b4
Remained e SBME/NA...............ccreimsimmscsrri. 37 43 - 78
Decreasad ...............- retvusatesiaseassantasatsson nersrratans erabesrare 16 33 28 0

Stsle equipment appropriations and

squipment funded in state capital projects:...............c.eve. 100 100 100 100
WICTBEBOM............oororereerareansrenanseansssbiossssttasesesemsssaseessinmne 2 18 15 o
Remained the SAMB/NA. ..., 5 Al 85 20
DOCTORSEA .........oconooeeeecteermriivenvie tasnessaeancstnsssnssassasatasoane 4 1" 0 10

Intemnal INSHUOON TUNGS: ... s 100 100 100 100
ICTOROIM...........ooevearnrrircersnassaesanesecnseeateninstassonssatvastassas 38 2 54 18
Remained e SAMB/NA..............ccccnieessnmtinnrmiminnnnns 47 51 48 s
DOCTRRIB ..........co.oevonnranirieriastionssnsmasss s s snerarssasrssssssnsn 19 19 ] 20

Privale nonprof foundations/organizations: .................... 100 100 100 100
INCTBBO...........ooomreraresscveceatennramseamstasressnrasetsansasssF snnasas 7 5 11 10
Rempined the same/NA. 7 00 a9 20
DOCTBBBI . .........coveueeeeenieerescersesesseiessinsssaressrinsssnstassats 14 - ] 0

BUBLIRITY -es-ecve vt st ensssass st sscssatsanan s ssabssnss et ssers 100 100 100 100
ICTBABE ... sirsctetansterrsassrscnssresna st sssrnssesnecs 24 9 0 S8
Remamed e SAMB/NA.............c.ceccineerrrevinersrasnaarienans 60 84 100 42
Decreased ........................ 15 7 0 0

Note: Details may nol sum to 100 because of rounding.
Source. Nabional Science Foundation, SRS
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PERCEIVED EQUIPMENT TRENDS

Most heads of departments, research centers, and
supersystems  reported that their  resecarch
instrumentation needs had increased over the three-
year period 1986-89, in both chemistry (96 percent)
and physics/astronomy (87 percent; Table 6). The
percentage of department /center heads who reported
that their actual amount of research equipment had
also increased over this period was quite high in
chemistry (84 percent reported increases of more
than 1V percent in aggregate dollar amount) but was
lower in physics/astronomy (56 percent reported
increases, most of only moderate size).

Most heads of chemistry departments reported
overall qualitative improvements in the adequacy of
their research equipment (71 percent), but less than
half of the heads of physics/astronomy departments

and rescarch centers reported such improvements (41
percent). At the other end of the scale, 29 percent of
physics/astronomy  department/center heads
reported net declines in the overall adequacy of their
research equipment from 1986 to 1989, versus only 7
percent of the heads of chemistry departments/
centers.

Another way of examining trends in perceptions is by
comparing qualitative assessment findings across
surveys (Figure 6). Such inquiries indicate the
following comparisons:

= There has been a gradual decline in the
percentage of physics/astronomy
department/facility heads reporting that their
unit’s rescarch equipment affords faculty
rescarchers adequate or better capabilities to
pursuc their research interests, from 1983

Table 6. Perceived equipment %ends in chemistry and physics/astronomy: 1988 to 1989

Departments /conten Supersystems
Statistic
Physics/ Nuciear science
Chemistry astronomy Observatories taciities
Number of depariments/centers/supersysioms................ 194 228 a3 17
(Percent)

THE RESEARCH INSTRUMENTATION NEEDS
OF THIS UNIT HAVE:

increasad (0.9, becauss of axpanding

Siafl Or Program or Oer £aCLOrs)................ccceornerirenerss 96 87 70 )
Ramained e Same ..............coccrcvevvinne. 4 8 21 ]
Deciined ..............ccoccrvirrenne ) 5 0 0

THE AMOUNT OF USABLE RESEARCH EQUIPMENT
IN THIS UNTT HAS:
ncreased subsiantially (50% or n.ore in aggregate
cost/value)
increased Dy 11-48%)
Remained the same (+ /- 10%)

coail8

THE ADEQUACY OF THE RESEARCH EQUIPMENT
IN THIS UNIT MAS:
mproved
Femaned the same

Deciined ........

~82

7 57 12
49 24 58
38 19 0

8 0 0

0 0 ]
L4 80 Py )
30 14 4
2 8 8

Note: Details may not sum 10 100 because of rounding.
Source: Nafionl Science Foundalion, SRS
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Figure 6. Trends in department/center heads’ assessments of research equipment adequacy
and need in chemistry and physics/astronomy: 1983-89

70 N 1530
General capability of depyfcentes  Chemistry n 1986
resaxrch equipment 10 enabla L3 D 1983

faculty investigators to pursue their

major research inlerests: excellent ] 54

or adequate Physics/ 65
Astronomy | 67

o

Are there important subject areas
whese investigators in this
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experiments in their areas of
research interest due to lack of

neoded equipment: yes

Physics/
Astionomy I/ / /Ll 777 87

Chemistry [/ /L
Top pricrily need for increased
Federal investment is for research

L

equipment costing: $50,000 - Physi 70
ysics/
$1,000,000 Asmo;ny W
33
T T T T 1
0 20 40 60 80 100

Percent of departments/centers

Source: National Science Foundation, SRS

(67 percent) to 1989 (54 percent). The equipment below this range); by 1989, this

opposite trend occurred in chemistry, where
the percentsge reporting adequate or better
equipment increased from 51 percent in 1983
to 70 percent in 1989,

In physics/astronomy, the percentage of
department/center heads reporting problems
resulting from a lack of needed research
equipment remained stable at a high level
from 1983 (87 percent) to 1989 (84 percent).
In chemistry, reporting of such problems
declined, from 93 percent of
department/center heads in 1983 to 63
percent in 1989.

In physics/astronomy, there has been a
pronounced upward shift in the eguipment
cost range for which increased Federal
funding support is thought to be most needed.
In 1983, only 33 percent of physics/astronomy
department/center heads said increased
support was most necded for cquipment in the
$50,000 to $1 million range (the other
67 percent favored increased support for

percentage had more than doubled, to
70 percent. A similar upward shift occurred in
chemistry.

Another indication of the growing need for relatively
big ticket instrument systems is that, when
department/center heads were asked to identify their
three top-priority rescarch oquipment nceds, the
median price of the most-necded systems in
chemistry in 1989 was $150,000; it was even higher in
physics/astronomy at $165000 (Table 7). In
chemistry, almost half (48 percent) of the aggregate
price of all most-necded instruments was for systems
costing $400,000 or more, and the percentage was
even higher in physics/astronomy (67 percent). In
cost terms, about two-thirds of the aggregate price of
these most-needed instruments, in both chemistry
and physics/astronomy, was for systems that wonld
create new capabilities, enabling researchers to
perform experiments they cannot now do. Systems
that would merely replace, or provide more copies of,
existing instruments accounted for only about one-
third of the reported needs.

20
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Table 7. Top-priority research squipment needs of depart-
ments/oanters in  chamistry md phyﬂeo/

and reasons neaded:
Pnysics/
Statistic Chemisiry
Astronomy

Aggregate price of neads fist (doilars

I TIRBIONS) ...ttt sns s sistenae $127 $208
Median price per item {doilars in

TNOUSENKASR)........coneierirarensmsiniiiessnesissnsinss $150 $185

{Percent of
aggregate price)

SySlOMPrCE IBNOR .....c.covvcernisisssessiasisnns 100 100
$10,000899.999............oocovecirecremrisiannininion 5 4
$10NNDD-$IVDNY............ocormnricrenmrirrnnas 47 28
$. 2,000 OF MOME.........cocrvnmmmsmnimmriercimsnsinnians 48 67
PORsON NERARY........coocovvivcenreteniaonsrmmsisnssonen 100 100
Repiace an existing instrument .................... 17 12
Expand capacity {more copies of

2SING SQUIPMSNT)..............c..connecnncinianes 2 18
Upgrade capabiiities {fo parform

exparimenis you cannot do now)............. 82

89
*From 1969 Fsts of three Rems per m/mdmpu;m
mmmsw,mmmwm inciuce
some Rems over $1 millon and some thal call for multiple copies
{e.g., 10 worksiations—-$250,000).

Nole: Detalls many not sum 1o 100 bacause of rounding.

SOURCE: National Sclence Foundation, SRS



TYPES OF EXISTING AND NEEDED EQUIPMENT

The national invenlory of chemistry research
cquipment is dominated by spectrometers and related
instruments and accessories (Figure N3 The
category ‘“spectroscopy and light measurement
equipment” accounts for over half of the total
investment in existing chemistry research equipment
in both 1985 (60 percent) and 1988 (61 percent), and
it encompasses about four-fifths of the aggregate cost
of all most-needed instrument systems identified by
chemistry department/center beads in 1989 (7
percent). Nuclear magnetic resonance (NMR) and
mass spectrometers were especially prominent,
together accounting for about one-third of the total
existing investment (32 percent in both 1985 and
1988) and for over half of the most-nccded

equipment (57 percent of aggregate price).

Computer systems and related cquipment (PCs,
peripherals, graphics and imaging equipment, eic.)
accounted for an additional 9-10 percent of the
existing research equipment inventory in chemistry,
and they constituted a somewhat moure prominent
share of the equipment identified as most needed
(16 percent). All other types of equipment combined
(in essence, everything that is neither a spectrometer
nor a computer) collectively accounted for only
30 percent of the aggregate investment in existing
chemistry research cquipment and for a remarkably
low 5 percent share of the equipment identified by
chemistry department/center heads as being their
current top-priority needs.

B1ne classification taxonomy uscd in this analysis was developed
during the current survey and was then in the
classification of equipment and cquipment needs in both the
1989 and 1986 survey data. The taxonomy was gencrally
modelled after the one used in Science magazine’s annual
*Guide 1o Scientific Instruments” {sce Science, vol. 243, Part I,
February 24, 1989), but contains many modifications suggesicd
by members of the project Advisory Group to adapt it to
varicty and cost range of equipment represented in this susvey.

-

g

As onc might expect, the types of research equipment
that arc found (and that are wnocded) i
physics/astronomy are quite different from those in
chemistry. NMR and mass spectrometers are much
less prominent, and while other types of spectroscopy
equipment are found in  quantity in
physics/astronomy (such as optical spectrometers
and monochromators), they are mot as prominent
there as in chemistry (12 percent of the 1988
i ory, versus 29 percent). Computing equipment
constitutes a substantial but perhaps declining share
of the physics/astronomy inventory: such equipment
made up 36 percent of the aggregate investment in
1985, 31 percent in 1988, and only 16 percent of the
most-needed equipment identified in 1989, The
majority of the research equipmenat in
physics/astronomy is in categorics other than
spectroscopy or computing; this is true both for
existing equipment (52 percent) and for nceded
equipment (68 percent).

More detailed breakdowns of existing and needed
research cquipment in chemistry and in
physics/astronomy are given in Table 8.
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Tabie 8. Types of sxisting and needed* research squipment in chemistry and physics/astronomy: 1985-89

Chemistry Pvyalcs/astronomy
Equipment type
Exating Neaded Bdling Nested
19856 1908 1900 19885 1988 1909
TOR) {SORRIS Iy INRHONS) .....ocooororrrnrinrmrrsrecsissseassnasraciaenns $326 532 3144 245 0ns7 200
(pevoeni of iotai)

Spactreasony /ight measurement squipment .............. 80 )] ™ 18 17 2 | ]
NMRs...... reesaearesssreniranes 22 21 35 2 4 2
MBSB/GC-ME............cc.orestrcrrrceiscrmmasncssrecissnssiasnsanne 10 11 22 <1 | <9
Bectron/auger/ion scaltening/srface analysss............ 7 8 4 2 4 2
wivarsd/FTIR/GC-FTIR/Laser Raman.............c..ooeveraes ] ] 5 1 3 <t
X0y (NITRCIOMBIOND, BIC.)............ccovcorrrernesrscrasaareosncens 5 ] 10 1 1 3
Other and UNSPOCIABM................coooeceencentinrmsmnisrmrismmnses iaer 1 8 3 ] 3 ]

Computers and tata handling sguipment...........cc...... 10 ] 16 » n "
Computer systems $200,0004 ..............coccconevunninnnianens 2 2 11 8 7 ]
Minicompiders ($50-$190K) and peripherals................. 3 4 3 17 14 4
Single-user woriatations (§10-$45K) and networke....... 2 2 - 8 ] 2
Other...... 3 2 3 4 4 3

Other » E ) s 4 a2 o
Lasers and oplical aquipment. ” 12 1 11 14 4
Cameras, recorders, 8nd slectronics... ... 3 3 <1 8 8 9
Environmantal termpershae control chambers............. 3 3 7 7 ]
Elsctron/ion/molecutar beam squirment (MBE, etc.) 1 1 - 1 4 ]
NUCIORr NSNS . ........o.cooeerninriinecrassrssasaecsisssisecsars e 1 1 - 5 s 4
MICTOSCOPAS AN BCCOSBOMMS.............cconvvrivaacrsrnirerircnns 1 1 - 1 1 4
Tolescopes and COMPONBIME.............cocececemversisssnssscasae - . - 3 3 7
Robots, manuiactinring machines................cccoeveecsnree <1 . . <1 1 8
Lasesr-Joppier vHOCIMOtars, ANeMOometars.. ................. <1 - - <1 <91 ]
Organic /DIOSCIONCe SGUIPIMENI+ ..............cocernecemncncnne. 5 s 1 1 <9
AROINE.............coccoeevisemsanimsonsniasirsscsinsasstesasssssasoncessresssnn 4 2 1 11 s "

*From 1989 liste of three Sems per departmant/center of top-priority research Instruments in $10,000-$1 milion range. Needs Nsts Include some lems
over $1 milSon and some thal cait for multiple coples (0.9., 10 wortaiations--$250,000).

+inciudes oall sorters, cenirifuges, chromotographs, protain synithesizers/sequences, #lc.

Note: Details may not add 1o folals becairse of rounding.

SOURCE: Nationa! Science Founciation, SRS

BEST COPY AVAILABLE
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INSTITUTION PROFILES

Separately for chemistry and physics/astronomy, this
section contrasts the 20 largest rescarch institutions
in the field (those with the largest reported total
annual R&D eapendnures) to the approximately 150
next-largest institutions on measures of average
program characteristics. As well as providing
normative, quantitative information about current
instrumentation at what may be presumed to be the
best-equipped rescarch universities in the field (the
20 largest), these data provide a basis for cxamining
ways in which the relative amount, distribution, and
usage of rescarch equipment may be different at the
smaller institutions than at the largest ones.

As background, the 20 institutions with the largest
1988 chemistry R&D cxpenditures reported average
(mean) R&D ecxpenditures of $93 million per
institution in that ficld. Collectively, they reported
$185 million in R&D expenditures that year, onec-
third (33 percent) of the total for all academic

Tabie 9. institution profiles in chemistry and physics

institutions in the nation.” The 20 largest institutions
in physics/astronomy R&D accounted for an even
larger share of the national rescarch effort in that
ficld; they reported average expenditures of $27.6
million per institution in 1988, collectively accounting
for $553 million, 57 percent of the national *otal. '

Annual Equipment-related
Expenditures

average of $4.2 million per institution for purchases

/astronomy—average annual sxpenditures per institution for purchase,

operation and maintenance/repair of ressarch squipment: 1988°

Chemistry Physics/mstronomy
Statistic
20 largest 20 largest
n ekt Other n foid Other
MEAN FY 1968 EXPENOITURES PER
INSTITUTION {dolars In thousands)
Purchase of nonexpendabile ressarch sguipment

£8) AN coBting S500 OF MOMD POF UNR..........c.covrmenncrnresonirascarsserss s sessssssssarsarosss $1,005 $328 $4.226 349

() Equipment in $10,000-5909.908 NQR™ ............c..ccueuusmcessssnemirerenessorsenns. 1,427 1 2,100 200
Operation of ressarch equipment flechnician saiaries, #iC.)..................ccovennnnnn.. 518 %0 3,087 208
Maintenance and repair {(M/R) of research squipment, tolal 261 7 $7%0 ss

Sorvice cONracts and fIOId BENVICE .................ccveiiinenniirennn e e tssss s 1 18 247 2

OIME.........oiiiiiis i ssasesesassars s sssssrress s asasrass suseestane 129 58 813 L))
OTHER INDICES:

Mean numMber Ful-IMe FECURY NEBBRFTIMINY.............. .ccvnirirmererimamsestsoamss ssonsssaetsne »B9 170 08.9 198
Meoan NUMDSS FI.D.S SWEANING IBBE YRR ...........cccceennnivevatrimnmnnsssarissersssssssmsossssssrns M5 a7 8.2 45
EQuipment purchases per SBcLllY MIBORICIINN .................cc..eeecesrunssssonsnsssiesssmmenins $41,200 $19,120 $53.170 $17,830

PUIChanes par PH.D. SWarted Ml YORE............c.....ccorniisrerarennervessenss $46,520 $37,300 $187.700 $77.580
Servics coniracts A field service as a percentage of iotel maintenance/

POPRIE [M/T) BXPONRUNIB ................cocruveserssassrarssninsssersessssssssssrssstossssssssssssesmnsn 1% % 2% 20%
M/RPOr $1 10 SQUIDMSN PUFCREINS .........o0c.rverersernsstssmtrmssermarssrsssarssssssssonsnsssonss $0.18 0.4 $0.18 $0.24
Operation coals per $1 In equipment purchases $0.22 028 $0.73 $0.80
M/R + oparaiion costs per §1 In QUIDIMEN! PUITHEEES .................corencressersensiens. 048 $0.48 $0.81 0.4
*In anch field, the 20 jargesi respearch performars (n FY 1968 RRD

e compared 10 INEtRNONS WEN m research

programs in the fleid. mnm
*spyojection assumes the m:urﬂ
milion is the same as & mm” 1
MWMC”M'&IWHNM “maemuumgndmumu
range. Fedenally centors, of which are focated at

Source: Nafional Science Foundalion, SRS



of rescarch equipment in 1988, as compared to an
mdm,mlnrm&umnfmmel.ﬁnm
hlgesmnmiom.

Of course, the large research institutions have more
faculty rescarchers and graduate studeats than
institutions with smaller research programs. Evea on
a per person basis, however, the 20 largest R&D
institutions have considerably higher annual levels of

equipment
institutions, in both physical science fields (e.g., ir
chemistry, $41,260 per faculty rescarcher at the 2)
largest institutions, versus $19,120 at the smaller
institutions).

Regarding cquipment maintenance, one might expect
that the large R&D institutions would be able to
achicve economies of scale that would permit them to
rely heavily on their own personnel for much of their
maintenance and repair work. In chemistry, though,
external mnntcnm/rcpm (semee contracts and
field service, rather than service from institution-
cmployed personnel) is actually more prominent at
themmtunomthmatthesmaﬂermthc
20 largest rescarch performers spend half of their
annual maintenance/repair budgets cxternally (51

pucent),ucomparedtomperwntatthcsmauu
institutions. In physics/astronomy, there is less

difference between large and small institutions: 32
percent external versus 28 percent (Table 9).

Otber aspects of the data suggest that the larger
institutions do achieve some overall cconomics of
scale in equipment maintenance: in chemistry, the 20
h:pdmamhpufommmdanm:mfeoﬂﬁ
cents on maintenance/repair of existing eguipment
for every dollar they spend on acquisition of new
cquipment, as compared to 24 cents to the dollar at
the smaller programs. The figures are essentially the
same for physics/astronomy. these
diﬁctmmometbymefmmuapendmnufm
equipment operaiion (per doller of equipment
purchases) are somewhat higher at the large research
institutions, In chemistyy, the result is that combined

for maintenance/repair and operation
of existing research equipment (per dollar of
cquipment purchases) are the same at the smaller
institutions as at the largest 20: 48 cents to the dollar.

&mdarrdﬂmhtpsmmmybynu/monomy,
although equipment operation costs are higher in

physics/astronomy than in chemistry (especially at
thelnrgeatmnmﬁons) Consequently, the combined
costs of equipment maintenance/repair and
operation are also higher: 91 cents per dollar of
equipment purchases at the 20 largest institutions.

Amounts and Characteristics of
Existing Equipment

In physics/astronomy, thc most conspicuous
difference between the 20 largest rescarch institutions
and smaller research programs is in the area of big
ticket cquipment and facilitics (obscrvatories, nuclear
reactors, ¢ic.), which arc heavily clustered at the large
institutions and account for a substantial fraction of
their total equipment investment (Table 10). The 20
largest physics/astronomy institutions contain a per
institution average of 2.2 systems, with $6.9 million in
movable equipment, in systems costing $1 million and
over; this is almost as much as their average of $8.5
million for equipment costing under $1 million per
system. Outside the top 20, there are an average of
onlyOlsyﬂempuimﬁtu&onintheSImﬂﬁmud
over range, about one for every five such institutions.
Parﬂybemuseofthcmﬂmccohhueb:gmkct
items, the 20 largest physics/astronomy institutions
also have larger average dollar amounts of equipment
per faculty researcher, or per doctorate degree
awarded, than are found at smaller institutions.

In chemistry, big ticket items in the $1 million and
over range are not a factor, even in the largest
research institutions. For equipment in the $10,000
to $999,999 range, the average amount (measured in
terms of aggregate purchase price) at the 20 largest
institutions is certainly greater than the average for
the next 154 institutions ($7.7 million versus $2.4
million), but the difference is not ncarly as great as it
is in physics/astronomy (385 million versus $1.2
million).

In both ficlds, for squipment in the $10,000 to
$999,999 range:

. There is remarkably little difference between
the largest research institutions and the
smaller ones in either the cost distribution or
the age distribution of their rescarch
equipment.
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Tabie 10. ‘netitution profiiss in chemistry and physics/astronomy-average amounts and characteristics of existing research
squipment: 1988°
Chemislry Physics /astronomy
Natistic
20 hrgest 20 largest
i Soid Other in el Other
1
SYSTEMS COSTING $1 MILLION +
MORN NUMDIC/URWEIIRY ...............ccoco0nsimmmmsarsmsrommsins ssssssssstssssssssnssssssass sossssense sases <1 <1 22 02
Maan amount/universly (OB W) MINONS) ...................ccevrrmrmrerresernsmmmssssssssssssasnsas <$ <$1 $8e $0.¢4
SYSTEMS COSTING $10,000-5900,969
Mean number /universlly vere 149 " 19 ™
Mean amount/universily (ORI IN IIIONS) ............cocoemmeemsassmmsesss s $7.7 2.4 s $1.2
Mean amount/facully ressarcher (JONErS I NOUSENGS) .............ccoremrererrsrunnres . 108 $141 $127 83
Mean amount/Ph.0. degree awarded last year (dofiars In thousands)................ - 223 278 <1 2
Prioe mnge {percent of aggregate prios) .. sonsn 100% 100% 100% 100%
$10,000-$90.900 47 ? | 54 57
$100,000BID0,00........... coccccomerrnenrrrsnssemsarernmsmsonssrsssosssssarsssssas sasasasssresasssssasasns # - ] N s
eravrore s eneanass sepass 13 18 14 8
Year of purchase (Dercant Of aQOIeGRIP PHOB)........ccvoiimriesirinsusmstinimtsensessenessssanes 100% 100% 100% 100%
TOBO-BB.........coooriririiiianns srsssssonssssossstesasaronsst sen smsssssnsssesssnsss shscstssasss sensarsnssnsrsnsansenss Q2 4 L] 49
1968388, CoNnserarse e e RS SRLE S s banas RS OAR R SRRSO RS SRS TR S ARR SRS OSSR SRS PRL PR - 2 0 2 .
TDBZOTDMIOND...........ococcrerininnisorsrtinersrsasssssnssnsetestnsnsnsssrsssesesssssasssssssontussssassressnsses 2 2 - 3
LUse In 1888 (percent of aggregate price). - 100% 100% 100% 100%
Rossarch only...........ccnemiminsnrens 72 o7 74 T2
Ressarch and instruction - - N 2 28
Moan NUMDS! NIeeRrch UBEIS/SYSIBM IN 19B8.................ccouuuecrriessirnsnssssrssssssmsssas M8 138 26 11.0

*in sach fisid, the 20 largest ressarch performers (in FY 1968 RAD axpencitures) are compared 1o instfilions with smafier research programs in the
feid.

Note: Deiaits msy not add to 100 because of rounding.
SOURCE: National Science Foundation, SRS

s There is also remarkably little difference
between the largest institutions and the
smaller ones in the proportion of equipment
that is dedicated solely for rescarch use, as
opposed to being used for both research and
instruction: in both institution categories and
in both ficlds, 67-74 percent of the total
investment is for equipment dedicated only for
rescarch use.

. The average annual number of research users
per system is about twice as high at the 20
largest institutions as at smaller programs.

Perceived Current Status and Trends

In chemistry, department/facility heads at the 20
largest (and presumably best-equipped) institutions
scem generally quite satisfied with the overall
adequacy of their current research equipment:

18

61 percent rated their overall instrumentation
situation as exccllent in 1989, and the remaining 39
percent described their existing equipment as
gencrally adequate; nonc  characterized  their
instrumentation as inadequate (Table 11). Chemistry
department heads at smaller institutions were less
contented: 34 percent characterized their research
cquipment as inadequate, and osly 17 percent
reported baving excellent equipment.

In both institution categorics, physics/astronomy
department/facility heads gave generally less positive
assessments of their current research equipment than
did their counterparts in chemistry. Thus, even in the
20 largest physics/astronomy institutions (which
contain such a high proportion of the nation’s total
instrumentation inventory in that ficld), 20 percent of
the department/facility beads complained that their
current equipmeat is generally inadequate to enable
faculty investigators to pursuc their major research
interests, and only 9 percent described their
instrumentation situation as excellent. At institutions
outside the top 20, over half of all physics/astronomy
department beads (52 percent) characterized their
current instrumentstion as inadequate.
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Tabie 11. mmmmmmmm/mwmmmwmwm
trends in their ressarch equipment: 1989* .
Chemistry Physics/mtronomy
Statistic
20 inrgest 20 largent
n feld Other n feid Ocner
{percent of Gepartments /faciiities)

ADOGUECY Of CUTTONT TOBBRIT SQUIPITMIN........c.iovruusnisssinsssasnsrs serssressrsmsssossersisssrossns® 100 100 100 100
EXDBEMIN.........coccreeerraeerisisesssasrassrnessosersnnsrsesssunsstobsss o0 mnss bt abaonsnasaorssrsasessenorssrnsnes ()] 17 ] 4
INBOQUEBD .....cccc et 8880 erms b 000 e SRR R RSBS00 » 49 n “
IIBUIICIONT ... oo ceeensseastessssebesaeresassssoss v are sautensobs LRSS AER bR s b OSBRSS S RS E e s ] » 0 52

PERCEIVED TRENDS IN LAST 3 YEARS:

AOLER OF IISORICH OQUIDIMMNL...........cocvirerennirnrnrstrnmsns st it ases sesstsstes s sontsoononas 100 100 100 100
BYCTIRBO........c.oeoeeeronnrrnrarronsatsnnsntssnsnmmsss onassnsnsssartntases susarsnss ) 8 ™ 49
Ramained the Same (£ 10M).........cccciiiniomi s 5 17 18 “
OBOMBBIIM ... .....ooormionencvrsronnnenss corssessaratsrasmesssssssssnsssnsrossses e rsasssses sorsnnssrntesssossssnsn 0 ] -4 7

Adequacy of AePEtMent's TORRICH SQUIDIMBNT............ocvmvmcsssrimsamssnimssntssrsmsessses 100 100 100 100
PTIDTOMIKE .......ooovrassmsersnes sssarsssassessessoss seassasntass ssssistssnbssss s s snssss o s sbbse s o nss e s 7™ 70 52 »
ROMEBNOUING BRINMB .......o..covenvrmriisrnetsstnrsnninss svrrssessssisessrasmsesssgsnstasssssrssse 17 2 » 20
DIBCEIII . ..ot cineerciesssosssssssrnssstoressbarssasessntoR0s00 oraustnensoonsnersrossensranatsbnarsssrosse 8 7 12 ks

FOGOTA QGUEPITIONL BUDPOM .........orrvvvuvverssussasesssesssmsossnissssssss apasts 88 sssssssssssssss 100 100 100 100
FICTORBIE.......cooeeveereimrnssesmsonsaresssararosstsnsssmsnsss sassssstassosessnses susssasass NERE Suonsustunturens 20 50 % 18
BTN M0 BOITIP ..c.o.cvoeeceimreiraresnoscrerssesanaes seoess sheseontsa b osaspnsntt sentuts susbssasInOrs s oS 3 » 44
DIBCTBRBBE ........ooeeerrurnninnr s stsaassstarerassesssnesssrisssaarars e esssonsassassiumrors 8 17 13 33
NOUBPPRCRDME ........co.cvnrintrnsionnsassocnsronorsstarme 1estssssssnatstassosnssssrunsst st e tbsnssenratss o st 0 ] 2 1

'mmmmmmmmmw1mmmm)mmmbmmummmmmm

fleld.
SOURCE: National Science Foundation, SRS

To some extent, these relatively negative assessments
by physics/astronomy department heads may reflect
the importance of large, specialized regional and
national labs for many arcas of research in physics
and astronomy. For cxample, in the case of
astronomers who have ready access to off-campus
national observatories that meet their needs, it might
be descriptively accurate but programmatically
irrelevant to say the equipment available on-campus
is inadequate.

Tuming to other indicators, 95 percent of chemistry
department/center heads at the 20 largest programs
reported net increases in their amount of rescarch
cqmpmentowrthchsuhrccyurs,andﬁpereem
reported that the overall adequacy of their equipment
(relative to their needs) had improved over this
period. The findings werc almost as positive for
chemistry programs outside the top 20: 83 percent
reported increased equipment amounts, and 70
percent reported improved overall adequacy of
equipment,

In physics/astronomy, 79 percent of dcpanmcnt/
center heads at the 20 largest R&D institutions
reported that their amount of research equipment
had increased in the last three years, and 52 percent
reported net qualitative improvements in equipment
adequacy. Both figures are lower than those
obtained in chemistry. For physics/astronomy
departments outside the top 20 institutions, the
picture is still less positive: only 49 percent reported
any net increase in equipment amounts, and only 39
percent reported any qualitative improvement; almost
as many (33 percent) reported a qualitative decline in
equipment adequacy (Table 11).

For chemistry (both the 20 largest institutions and the
smaller oncs) and for the 20 largest physics/
astronomy programs, most departmest/center heads
(over 80 percent) reported that their Federal
instrumentation support had remained the same or
had increased over the last three years. For
physics/astronomy programs outside the top 20
institutions, however, only 18 percent reported an
increase in Federal instrumentation support, and 38
percent reported decreased support.
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These latter findings suggest ihat, particularly for
institutions outside the top 20 research performers,
physics/astronomy department heads’ complaints of
the inadequacy of their existing equipment are not
simply a trivial indication that much of the equipment
they need is located in large, off-campus regional and
national labs. Rather, they seem to be saying that
their sources of instrumentation funding support have
begun to dry up in recent years (or, at best, have
remained static) and that the adequacy of their
cquipment stocks is begining to decline. In
chemistry, on the other hand, reports of recent
increases in both quantity and quality of research
research programs as well as for the largest ones.
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INSTITUTION SAMPLE

Brown University Texas A&M University
California Institute of Technology Texas Tech University
Colorado State University University of Arizona
Comnell 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 Dicgo
Johas Hopkins University University of Central Florida
Louisiana State University University of Colorado (Boulder & Denver)
Massachusetts Institute of Technology Unriversity of Connecticut
Michigan State University University of Dayton
Mississippi State University University of Denver
New Mexico Institute of Mining & Technology University of Illinois
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 Umvu'suy of Oklahoma
Purdue University University of Peansylvania
Rockefeller University Ummmty 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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APPENDIX B
LIST OF UNIVERSITY-ADMINISTERED FEDERALLY FUNDED
R&D CENTERS
(which are excluded from this survey)
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UNIVERSITY-ADMINISTERED FEDERALLY FUNDED R&D CENTERS

Department of Defense

Lincoln Laboratory (Massachusetts Institute of Technology)
Software Engineering Institute (Carncgic Mellon University)

Department of Energy

Ames Laboratory (Iowa State University of Science and Technology)
ArgomeNaﬁonalhbomtmy(UnimityofChimmandArgom Universities Association)

Continuous Electron Beam Accelerator Facility (Southeastern Universities Rescarch Association)
E. O. Lawrence Berkeley Laboratory (University of California)

E. O. Lawrence Livermore Laboratory (University of California)

Los Alamos Scientific Laboratory (University of California)

Fermi National Accelerator Laboratory (Universities Rescarch Association)

Oak Ridge Institute of Nuclear Studies (Oak Ridge Associated Universities)

Plasma Physics Laboratory (Princeton University)

Stanford Linear Accelerator Center (Stanford University)

National Aeronautics and Space Administration
Jet Propulsion Laboratory (California Institute of Technology)

National Science Foundation
National Astronomy and Ionosphere Center (Cornell University)
National Center for Atmospheric Research (University Corporation for Atmospheric Research)

National Optical Astronomy Observatory (Associadion of Universities for Research in Astronomy, Inc.)
National Radio Astronomy Observatory (Associated Universities, Inc))
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