determining the dose-response relations
- for particular cancers induced by radia-
tion, over wide dose ranges. Para-
doxically, it appears that in most cases
there is more to be learned about cancer
risks associated with low doses of radia-
tion by studying populations with high
and intermediate levels of exposure than
by studying populations exposed only to
low-dose radiation, even when the latter
populations are very large.
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Federal Funding in
Materials Research

James G. Ling and Mary Ann Hand

The relative merit of granting federal
research funds to institutions rather than
individual investigators has been a sub-
ject of controversy for some time. The
recently formed National Commission
on Research has included alternative
funding mechanisms as one of the issues
to be studied. This article summarizes
the findings of a Mitre Corporation study
performed between 1976 and 1978 on the
Materials Research Laboratory (MRL)
Program for the National Science Foun-
dation (NSF). The study compared tech-
nical publications and other products of
16 MRL'’s, which had been funded with
institutional grants, against similar mate-
rial from individually funded research
projects at 15 other universities (non-
MRL’s). Two universities funded with
institutional grants by the Department
of Energy (DOE) for materials research
and two funded by the National Aero-.

-nautics and Space Administration
(NASA) were also included in the study.
In addition, the study compared total
administrative costs (government plus
university) per grant dollar for institu-
tionally funded projects and those funded
individually.

The primary objective of the study
SCIENCE, VOL. 209, 12 SEPTEMBER 1980

was to compare the effectiveness of insti-
tutional funding for MRL’s with that of
project funding for materials research.
Emphasis was placed on the principal re-
sults and impacts of the MRL program
since its inception in 1961, with particu-
lar focus on the period after NSF as-
sumed sponsorship in 1972. Five investi-
gators were involved in the study full-
time for about 18 months.

Background of the MRL Program

The MRL program had its origin in the
Interdisciplinary Laboratory (IDL) Pro-
gram established in 1960 by the Ad-
vanced Research Projects Agency (AR-
PA) of the Department of Defense. The
ARPA action was taken in response to a
concern within the government that ma-
jor hardware research and development
programs were being impeded by the
failure of materials technology to keep
pace with needs.

Forty-five universities submitted pro-
posals to establish IDL’s, and 12 were
selected. The funding arrangements with
these 12 universities were designed to
encourage stability and long-term uni-

0036-8075/80/0912-1203$01.25/0 Copyright © 1980 AAAS

19. M. Ichimaru, T. Ishimaru, J. L. Belsky, Jpn. J.
Radiat. Res. 19, 262 (1978).

20. M. Tokunaga, J. E. Norman, Jr., M. Asano, S.
Tokuoka, H. Ezaki, I. Nishimori, Y. Tsuji, J.
Natl. Cancer Inst. 62, 1347 (1979).

21. A. Stewart, J. Webb, D. Hewitt, Br. Med. J. 1,
1495 (1958).

22. B. MacMahon, J. Natl. Cancer Inst. 28, 1173
(1962).

23. T. Najarian and T. Colton, Lancet 1978-1, 1018
(1978).

24. T. Colton, E. R. Greenbert, B. D. Davis, R. A.
Lambert, S. R. Wierama, M. P. Longnecker,
personal communication; progress report dated
June 1979, based on a presentation before the
Society for Epidemiologic Research, 13 June
1979, in New Haven, Conn.

25. T. Ishimaru, M. Otake, M. Ichimaru, Radiat.
Res. 77, 377 (1979).

26. A. M. Keller and H. H. Rossi, ibid. 75, 471
(1978).

27. D. H. McGregor, C. E. Land, K. Choi, S. To-
kuoda, P. L. Liu, T. Wakabayashi, G. W.
Beebe, J. Natl. Cancer Inst. 55, 799 (1977).

28. C. E. Land and D. H. McGregor, ibid. 62, 17
(1979).

29. R. E. Shore, L. H. Hempelmann, E. Kowaluk,
P. S. Mansur, B. Pasternack, R. E. Albert,
G. E. Haughie, ibid. 59, 813 (1977).

30. J. D. Boice, Jr., and R. R. Monson, ibid., p. 82?

versity commitments. One key feature
allowed the universities to make capital
investments for IDL buildings and to be
paid back over a 10-year period by AR-
PA through ‘‘building use’’ charges. A
second key feature was that initial con-
tracts covered a 4-year period. At the
end of each year, contracts were re-
newed for an additional year, maintain-
ing 4-year forward funding. This ‘‘block”’
or institutional funding approach, allowed
the laboratories thus established to
allocate funds internally to research
projects rather than requiring them to
request funds from ARPA on a project-
by-project basis.

In July 1972, the IDL program was
transferred from ARPA to NSF and re-
named the MRL program. The term
“block funding’’ was also changed to
“core funding,”’ highlighting the fact
that other NSF funds, in the form of
project grants, were available to support
individual research efforts at the institu-
tions. By 1976, NSF had added 'four new
MRL'’s, and its funding for the MRL
program in fiscal year (FY) 1976 was
$14.6 million.

Two other federal agencies, the Atom-
ic Energy Commission (AEC) and
NASA, also established IDL’s in the

- 1960’s. The two IDL’s originally spon-

sored by the former are now sponsored
by DOE, and NASA continues to spon-
sor two of the three that it originally es-
tablished.

James G. Ling is director of the Program Imple-
mentation Division, Office of Energy Research, De-
partment of Energy, Washington, D.C. 2058S.,
Formerly he was group leader for program assess-
ments in the Department of Energy Planning and
Analysis at the Mitre Corporation. Mary Ann Hand
is a member of the technical staff of the Mitre Corpo-
ration, McLean, Virginia 22102.
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MRL group. The MRL’s included in
the present study were laboratories with-
in 16 universities, each with its own ad-
ministration headed by a director. The
core (institutional) grants from NSF to
each of these laboratories for 1977
ranged from $200,000 to $1,950,000. The
cumulative core funds from inception of
the laboratories through 1977 ranged
from $0.74 million to $35.8 million each
(Table 1).

These 15 universities form a mix that
reflects the heterogeneous composition
of project-funded institutions in general
(Table 2). Five have materials science
centers, which function somewhat like
the MRL’s and IDL’s.

Non-NSF block-funded group. The
two DOE core-funded materials labora-
tories were included in this study. One is
at the University of Illinois; the other, at
Lawrence Berkeley Laboratory (LBL).
Both laboratories have large, well-estab-
lished materials research programs

Summary. The performance of the 20 materials research laboratories (MRL'’s) at
universities funded with institutional grants by the National Science Foundation, De-
partment of Energy, and National Aeronautics and Space Administration is evaluated
in comparison with 15 other universities (non-MRL’s) receiving individually funded
projects for materials research. Performance is measured by peer review and citation
frequency analysis of publications, subjective evaluation of research achievements
and researcher reputation by a panel of experts, review of equipment purchases and
utilization, and analysis of administrative costs. The study concludes that there are no
significant differences between the MRL's and non-MRL’s with respect to innovation,
interdisciplinarity, utilization of specialized equipment, concentration of funding, rate of
turnover, duration of research areas, and level of effort per research paper. The MRL'’s
have a greater number of major achievements and attract researchers with higher
reputations. The MRL'’s tend to emphasize experimental work, and in about 70 per-
cent of the materials research areas sponsored by the National Science Foundation
there is no overlap between the two groups. Institutional grants involve much less
total (federal plus university) administrative cost per grant dollar than project grants.

The distribution of MRL members by
discipline shows that physics depart-
ments have been involved most heavily
in MRL research, followed by materials
and chemistry departments. This distri-
bution has held since July 1972.

Since taking over the MRL program,
NSF has encouraged the MRL’s to con-
centrate their research efforts into spe-
cific areas. The MRL’s generally choose
the areas they wish to emphasize. How-
ever, NSF has occasionally expressed a
preference.

NSF project-funded group (non-MRL’s).
To compare project-funded and institu-
tionally funded research, the study team
used as a control a group of universities
that do not receive federal institutional
funding for materials research. From FY
1970 through 1975, 164 universities- that
did not have MRL'’s or IDL’s received
NSF project grants for materials research.
The study team selected the 15 institu-
tions receiving the largest amount of
NSF project funds over this 6-year peri-
od. Together they accounted for 40 per-
cent of project funds granted in FY 1975
by NSF’s Division of Materials Research
(DMR) to individual academic research-
ers outside the MRL’s and IDL’s. The
primary concentration of DMR funds at
these institutions was in the physics and
materials departments.
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housed in central facilities and stress in-
terdisciplinary collaboration in research.
The program at LBL includes chemis-
try, physics, metallurgy, ceramics, and
nuclear engineering; that at Illinois
encompasses ceramics, metallurgy,
physics, chemistry, and chemical engi-
neering.

Overall

Non-MRL
46%

403 Achievements

Top 15 percent Top 25 percent

Non-
MRL MRL
87% 13%

102 Achievements

61 Achievements

Fig. 1. Results of evaluation of major achieve-
ments (NSF-sponsored research activities on-
ly).

The two NASA institutions with core-
funded materials programs were also in-
cluded in this study. Both were among
the universities originally selected to be
IDL’s. The materials research program
at Rensselaer Polytechnic Institute was
started in 1960; that at the University of
Washington, in 1963. Both are much
smaller in terms of core funds received
than the MRL'’s supported by NSF. The
objectives of the materials research pro-

grams at these universities are related to

NASA'’s mission and differ substantially
from those of the NSF-funded MRL'’s
and the DOE-funded IDL’s.

Research Capability

The capability of universities to per-
form research was measured in terms of
researchers and equipment. To see
whether the MRL’s had attracted re-
searchers with higher reputations than
the non-MRL'’s, the study team com-
piled a list of 229 full professors who had
joined or left seven MRL and ten non-
MRL universities between 1966 and
1976. The departments of interest were
those engaged to a significant extent in
materials research. The professors’ rep-
utations were evaluated on the basis of
two criteria: subjective judgments by a
panel of 19 experts and the number of
awards received for scientific research.
All statistical tests were performed with
a type 1 error (alpha) tolerance of .10.
The results of this comparison show that
the universities with MRL’s attracted re-
searchers with a higher average reputa-
tion than did the non-MRL schools with
or without materials centers.

Availability of equipment was com-
pared by analyzing equipment invento-
ries provided by 11 MRL’s and 8 non-
MRL’s. These inventories identified the
purchase price and date of purchase of
all equipment. Equipment that cost less
than $3000 was excluded. The compari-
son showed that equipment expenditures
for MRL central facilities were not sig-
nificantly different from those of materi-
als science centers at non-MRL’s. It also
showed that materials research equip-
ment holdings of universities with
MRL’s (including equipment outside
central facilities) were more extensive
than those of non-MRL universities
without materials science centers. The
average cost per item of equipment in
MRL central facilities and at the non-
MRL materials science centers was also
higher than at other non-MRL’s.

In related analyses, the study team de-
termined that about 70 percent of the ma-
terials research areas sponsored by NSF
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at the institutions surveyed showed no
overlap between MRL’s and project-
funded institutions. Also, it was found
that there were no statistically significant
differences between MRL’s and non-
MRL.’s in concentration of funding, an-
nual rate of turnover in research areas,
duration of research areas, and continu-
ity of staffing.

Comparison of Publications

A major effort was devoted to analysis
of research publications, since these rep-
resent the primary research product of
the universities. The study team ob-
tained, from a selected set of 215 materi-
als science experts, detailed reviews of
690 papers that had appeared primarily
in refereed journals, and citation counts
for 2299. Also, a separate citation fre-
quency analysis was made for each pa-
per.

The 690 papers included papers from
the DOE and NASA IDL’s, as well as
MRL and non-MRL papers. They were
chosen randomly with a proportional
stratified sampling scheme. Publications
were grouped into strata by total project
support and by characteristics of the re-
searcher’s institution. Thus, 157 papers
resulting from core funding under ARPA
sponsorship in 1972 were compared
against 244 papers resulting from NSF
core funding in FY 1974 and FY 1975.
This comparison was made to see wheth-
er research results were significantly dif-
ferent between the periods of ARPA and
NSF sponsorship. The NSF core-funded
papers were compared with 158 project-
funded research papers from non-
MRL'’s, 63 project-funded papers from
the MRL’s, and 50 DOE and 18 NASA
core-funded papers. With these sample
sizes, the probability of rejecting a true
hypothesis (type 1 error) was set at .10.

The NSF’s objectives set the criteria
against which certain characteristics of
research were measured. The major
characteristics evaluated were the quali-
'ty of performance (as measured by tech-
nical depth and accuracy), the degree of
innovation, the impact on scientific prog-
ress, and the level of interdisciplinary
collaboration. Results of the review
showed that:

1) The NSF/MRL core-funded papers
reflected a greater emphasis on experi-
mental work than the papers from non-
MRL’s without materials science cen-
ters. This difference in orientation of re-
search was the most clear-cut result of
all the publications comparisons.

2) Although all the papers were pre-
dominantly oriented toward science, the

12 SEPTEMBER 1980

proportion of NSF/MRL core-funded pa-
pers that were engineering-oriented was
significantly higher than those from non-
MRL’s without materials science cen-
ters.

3) There were no significant differenc-
es among any of the populations com-
pared with respect to overall indicators
of innovation or measures of inter-
disciplinarity.

4) While differences were found in
other attributes, such as quality of pro-
cedures, equipment use, and contribu-
tion to scientific progress, the review of
the publications did not lead to a clear-
cut acceptance or rejection of the hy-
pothesis that MRL’s produce better re-
search (in terms of meeting NSF’s cri-
teria) than non-MRL’s.

This last finding is not surprising, con-

sidering that almost all the papers had
appeared in refereed journals. Also, each
paper typically represented a small part
of a total research effort, and the impor-
tance of the entire effort could not al-
ways be seen. Finally, all the institutions
considered in the study were nationally
prestigious, and averaging the character-
istics of each group’s output probably
obscured any individual differences.
The comparison of citation frequency
is valid as a measure of relative merit on-
ly if the data are reliable and if the cita-
tions are for merit rather than some other
reason. The problem of nonmatching be-
tween a valid journal reference and the
citation source encountered in this study
could cause difficulty when dealing with
a single article, but probably did not af-
fect conclusions about populations. The

Table 1. Classification of MRL’s by amount of NSF core funding.

Core
Core
funds ffl:g(r;s
MRL funding Uni it for FY o ti Date of
class niversity 1977 Inception inception
($ thou- through
sand) FY 1977
($ million)
Recently created Penn State 275 0.79 15 May 1974
Case Western 300 0.74 1 Sept. 1974
Massachusetts 400 1.21 15 June 1973
Carnegie-Mellon 400 1.23 15 June 1973
Small Maryland 200 7.17 3 Oct. 1961
North Carolina 300 7.93 2 Oct. 1961
Midrange Harvard 575 10.2 20 June 1961
Chicago 630 11.6 20 June 1961
Purdue 850 11.5 5 Oct. 1961
Large Stanford 1,200 17.6 20 June 1961
Brown 1,200 19.5 20 June 1961
Northwestern 1,250 21.0 20 June 1960
Very large MIT 1,865 26.5 20 June 1961
Pennsylvania 1,950 30.1 22 June 1960
Cornell 1,950 35.8 20 June 1960
MRL’s with multiple Illinois 1,270 23.2 1 June 1962
core support NSF ARPA/NSF
(NSF and DOE)
Table 2. Materials research characteristics of the non-MRL’s.
Materials Ma.terlals Interdisci-
University department science plinary
or program center or institutes*
stitute
Utah Yes
Florida Yes Yes Yes
Lehigh Yes Yes Yes
California (Los Angeles) Yes
Rutgers
California (San Diego) Yes
Ohio State
Pittsburgh Yes
Wisconsin (Madison) Yes Yes
California (Santa Barbara) Yes
Connecticut Yes Yes
Michigan Yes Yes
Oregon (Eugene) Yes
Yale
Washington (St. Louis) Yes Yes

*Not exclusive to materials research.
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cross-checking of highly cited papers
against peer reviews (when possible)
showed that the citations were corre-
lated with favorable comments by re-
viewers. The conclusions from the cita-
tion analysis were that (i) NSF project-
funded papers at MRL’s were cited more
frequently than NSF/MRL core-funded
papers; (ii) core-funded papers at MRL’s

under both ARPA and NSF sponsorship
were cited with about the same frequen-
cy as papers from DOE/IDL’s and NSF/
non-MRL’s without materials science
centers; (iii) papers from NSF/non-
MRL’s with materials science centers
were cited less frequently than MRL
core-funded papers; and (iv) papers from
NASA/IDL’s were cited least frequently.

Table 3. Summary of administrative costs.

Productivity

The relative productivity of core-fund-
ed (MRL) and project-funded (non-
MRL) institutions was examined by ana-
lyzing the research achievements and the
level of effort associated with research
publications. Research achievements
were evaluated by compiling a list of 403
achievements that had been submitted
by the universities and identified by them
as being fully developed. This list was
then evaluated by the same panel of 19
experts who rated the reputations of re-
searchers.

On the basis of research projects in FY
1974 and FY 1975 that produced pub-
lications, it appears that the funding level
of average MRL core-funded projects
was $32,500, compared to $46,000 at
non-MRL’s. Thus the MRL’s seem to
have had about 30 percent more projects
per unit of funding. However, the aver-
age level of research effort per pub-
lication was about the same for MRL’s
($14,000) and non-MRL’s ($15,000). At
the non-MRL’s, the average funding per
project was $39,000 at universities with
materials science centers and $50,700 at

Activity

Comparison

MRL core

Non-MRL

Principal investigator discusses research plans

with MRL director or NSF program administrator
Principal investigator prepares proposal to

MRL or NSF
MRL director and executive committee review

MRL director prepares the MRL proposal using
the content of individual and emphasis area proposals

University offices review the proposals

NSF reviews proposals and decides on finding

NSF prepares notice of award or denial

Grant account is set up by university accounting

Grants without renewal funding are closed out by
university administration

Activities associated with normal grant expenditures
require additional time of university personnel

Expenditures requiring rearrangement of budget
categories require university and NSF personnel

Members of emphasized areas meet to discuss
research progress

MRL directors meet twice each year

NSF program administrators conduct formal
or informal site visits once each year

Annual technical reports are prepared
by principal investigators or MRL director
Annual fiscal reports are prepared by
university accounting office
Total for activities

60 to 90 percent success rate
2 to 20 man-hours

60 to 100 man-hours
0.07 t0 0.11 hour per $1000
80 to 180 man-hours
0.09 to 0.02 hour per $1000

25 to 100 man-hours
0.03 to 0.12 hours per $1000
27 man-hours
0.03 hours per $1000
Informal
180 to 240 man-hours
0.20 to 0.26 hour per $1000
Formal (every third year)
(420 to 480 man-hours)/3

(0.46 to 0.53 hour per $1000)/3

60 to 100 man-hours
0.07 to 0.11 hour per $1000

1.0 to 1.7 man-hours per $1000

30 to 70 percent success rate

2 weeks to 2 months

0
0
~1:19 )
~1:2
~1:19
~1:19
~ 1:19 >
~1:10
~1:19 V.
0
0
of
of
4to 16 hours
0.00 to 0.34 hour per $1000
~ 1:19*

1.8 to 7.1 man-hours per $1000

*Relative magnitudes of effort per unit of funding.

‘tProgram administrators for project grants do conduct site visits but only in conjunction with other business

travel. Travel funds for NSF staff are about the same per grant dollar for administering core grants or project grants.
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those without such centers. The com-
parable levels of effort per publication
were $14,300 and $15,400, respectively.

The MRL’s had much more than a
proportional share of achievements rated
in the top 15 percent, based on total NSF
funding from FY 1973 through FY 1976.
However, the MRL’s had slightly less
than a proportional share of achieve-
ments rated in the top 25 percent. The
MRL achievements rated in the top 25
percent reflect a greater emphasis on ex-
perimental work than those of non-
MRL’s. The results of this evaluation are
shown in Figs. 1 and 2.

Administrative Costs

The cost for the administration of
grants includes the time and resources of
both the university and the sponsor. The
actual time involved may not necessarily
be reflected in the costs charged for ad-
ministration. Therefore, both the dollar
costs for administration and the actual
time involved in administrative activities
were examined, with greater emphasis
on the latter, since it represents true
costs.

A summary of administrative costs is
presented in Table 3. Where similar ac-
tivities are involved, the table shows that
these activities cost less per grant dollar
for MRL core grants. This is due in large
part to the decentralization of manage-
ment to the university personnel, who
have more detailed knowledge of the ac-
tivities being managed.

Due to nonhomogeneous units of mea-
sure, the overall cost of administration
cannot be determined for the two types
of grants. Nevertheless, for all activities
estimated in man-hours (Table 3), the to-
tal cost per thousand grant dollars for
MRL administration is between 1.0 and
1.7 hours, compared with a range of 1.8
to 7.1 hours for non-MRL administra-
tion. If the cost per man-hour is assumed
to be $20, then MRL costs range from
$20 to $34 per thousand grant dollars while
non-MRL costs range from $36 to $142 per
thousand. The major source of this differ-
ence is the time required for preparation
of project grant proposals (whether of

12 SEPTEMBER 1980

an experimental or theoretical nature),
which amounts to more time per dollai
than that for all MRL administrative
activities. Unfortunately, this time dif-
ference can be equated almost exactly
with lost research effort at the non-
MRL'’s. Furthermore, for all other activ-
ities where costs were estimated only
proportionately, the MRL administra-
tion is from 2 to 19 times less costly.
Therefore, in terms of time and costs in-
volved in administering grants, the MRL
core, or institutional, grant mechanism is
much more efficient than the project
grant mode.

Conclusions

Research at the institutionally funded
MRL’s is not more integrated when mea-
sured in terms of the concentration and
duration of support of research areas. On
the basis of the publication reviews,
there is no significant difference between

MRL'’s and others on interdisciplinarity -

or utilization of essential specialized
equipment. However, the MRL’s are dif-
ferent as the sole contributors to certain
research areas and in their emphasis on
experimental work. There is little dif-
ference in terms of level of effort per re-
search paper between MRL’s and non-
MRL’s. The MRL’s appear to be more
productive than non-MRL'’s in terms of
major achievements, and are more suc-
cessful than non-MRL'’s in attracting re-
searchers with reputations measured as
high in terms of scientific honors and es-
teem among peers. Institutional grants,
in the form of core grants to MRL’s, in-
volve much less total (federal and uni-
versity) administrative cost per grant
dollar than project grants. In terms of
program oversight, the MRL program
administration at NSF stresses evalua-
tion of accomplishments, whereas the
project grant emphasis is on proposal
evaluation.

Setting aside qualitative differences
between universities, it appears from
this study that institutional grants result
in different types of work (for example,
more experimental) in MRL’s compared
with that in non-MRL’s. The institution-

al grants are aimed, in part, at providing
extensive experimental facilities. These
facilities are apparently put to good use.
It is possible that the facilities are also
influential in attracting top-quality re-
searchers. The variable costs of adminis-
tering grants are small in comparison to
fixed costs. Thus the institutional grants,
which on average are 19 times higher
than the project grants, result in much
lower costs per unit of funding. Finally,
the institutional grant mechanism pro-
vides more systematic feedback on re-
search accomplishments (/).
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2. We thank M. T. Lethi, B. B. Stokes, J. Ver-
hoeff, R. S. Greeley, J. B. Wachtman, Jr., and
W. R. Prindle for their contributions and assist-
ance. We also thank H. J. Piccariello and W. D.
Commins for their contributions to the statistical
analysis and for their review and oversight of the
entire study. This article is based on a report by
J. G. Ling, M. A. DeBolt, M. T. Lethi, B. B.
Stokes, and J. Verhoeff [‘‘Evaluative study of
the materials research laboratory program (Tech-
nical Report 7764, Mitre Corp., Bedford, Mass.,
September 1978] under NSF contract OAO
7624069
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