
Educational institutions are contin- 
ually called upon to educate students 
who will participate in seeking solutions 
to major problems recognized by so- 
ciety. These calls raise a host of familiar 
dilemmas such as the proper mix of dis- 
ciplinary and interdisciplinary effort, the 
relative emphasis on depth and breadth, 
the appropriate level for interdisciplinary 
efforts, and the appropriate roles of dif- 
ferent kinds of institutions. This article 
describes 9 years of continuing experi- 
ence in a broad-based interdisciplinary 
program at the graduate level, dealing 
with the environment, which included a 
faculty of about 15 and an average resi- 
dent graduate enrollment of 50 students. 

Many academic colleagues, including 
faculty and administrators, have asked 
common questions about many facets of 
the program. While this experience does 
not provide definitive answers to many 
perplexing problems, a brief report from 
our experience, outlining some conclu- 
sions on a number of generic questions 
about interdisciplinary problem-oriented 
programs, may be useful to others con- 
cerned with similar efforts. Because of 
the ambivalent attitudes of educators 
and others toward such educational ef- 
forts, the title includes the word experi- 
ment. Such ambivalence led Kubie to 
title an evaluation of an aspect of medi- 
cal education The Half-Failure of the 
Full-Time System as an Instrument of 
Medical Education (1). 

The rationale for interdisciplinary 
studies is based on the common observa- 
tion that problems in the real world are 
not separable into disciplines. While dis- 
ciplines and departments in universities 
are an administrative convenience and 

provide a basis for needed specialized re- 
search and education, it is suggested that 
educational institutions should also 

grapple with problems, such as those of 
environmental management, which do 
not fall nicely into separable groups 
along disciplinary lines. It is argued that 

the educational institutions should 

grapple with these problems in order to 
achieve the cross-fertilization of ideas 
demanded by the solution of such prob- 
lems, and to attract students interested 
in working on them. At the graduate lev- 
el a corollary of these assumptions is 
that instruction requires concomitant re- 
search if students are to become both 

competent to pursue research that is re- 
lated to fundamental problems on their 
own and aware of the way in which new 

knowledge can contribute to the solu- 
tions of important social problems. 

Despite the reasonableness of these 

arguments, an educational effort along 
interdisciplinary lines confronts major 
difficulties in virtually every area related 
to the process of education. These prob- 
lems involve philosophy, faculty, stu- 

dents, curriculum, research, money, and 
evaluation. Each of these is touched on 

below, with a brief discussion at the out- 

set, and is then followed by a statement of 
conclusions that may have broader appli- 
cability. 

Philosophic Problems 

Although major efforts in fields such as 

agriculture and engineering have often 
been problem-oriented, most graduate 
studies in most universities have been 
structured along disciplinary lines. It is 
true that significant new fields, such as 

biophysics or biochemistry, have been 
created at the interface between old dis- 

ciplines, and it can sometimes be shown 
that the greatest advances in new fields 
have been made at this interface between 
older disciplines. Nevertheless, every in- 

terdisciplinary or multidisciplinary effort 
must face the question: What is the core 
of study? Clearly, the problem, rather 
than a discipline, is the core. Because 
environmental and urban problems do 
not fit neatly in disciplinary departments, 
the problems themselves appear to pro- 
vide a focus, or an orientation. Prob- 

lems, unfortunately, do not provide an 
inherent structure or key philosophic 

concept around which to build an educa- 
tion. 

In the Department of Geography and 
Environmental Engineering of Johns 

Hopkins University, three specialized 
areas were considered important to the 
solution of environmental problems: (i) 
natural processes at the surface of the 
earth, (ii) social processes and mecha- 
nisms of decision-making in society, and 
(iii) the application of engineering design 
to mitigating the impact of human activi- 
ties on environmental systems. To 

bridge the gap between problem and dis- 
cipline, the program drew on a number 
of doctrines and approaches, including 
those from systems and spatial analysis, 
ecology, the earth sciences, and eco- 
nomics. None, of course, provides the 

single "best" approach to environmental 

questions. In general, many of these dis- 
ciplines or techniques provide ways of 
thinking about many questions of envi- 
ronmental management, and provide 
some tools applicable to their solution; 
the tools are not a substitute for a theory 
regarding the structure of the problems. 
Indeed, there may be a tendency to over- 
simplify the problems by attempting to 
describe them with very simple general- 
ized models. 

The absence of a simple definition of 
environment, or environmental prob- 
lems, has led our environmental program 
to become, on occasion, more multi- 

disciplinary than interdisciplinary. Stu- 
dents are encouraged to focus on special- 
ized areas while developing skills and 

knowledge, such as the use of systems 
analysis or of ecological concepts, that 
are directly related to environmental 

problems. Specialization in one area, 
coupled with exposure to, and participa- 
tion in, the analyses involved in making 
environmental policy-decisions, resulted 
from the fact that no single paradigm 
provided the core for an analysis of the 
broad range of environmental problems. 
However, a number of recurring envi- 
ronmental themes, such as the in- 

separability of natural and social proc- 
esses, the existence of spillover effects 
or externalities, the problem of the com- 
mons, the existence of incommensurate 
and nonmonetary values, and the impor- 
tance of large-scale natural processes un- 

dergoing dynamic and evolutionary 
change, appear to warrant continuing 
emphasis. While these themes can be 

recognized in a wide variety of prob- 
lems, no one of them provides a core for 
an educational philosophy, nor do they 
collectively encompass the field. 

For the above reasons, the Johns Hop- 
kins University program in geography 
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and environmental engineering has in- 
volved a continuous compromise in the 
tension between the breadth required by 
environmental problems, and the depth 
of knowledge or specialization de- 
manded in the solution of such problems. 
This tension may always be part of any 
interdisciplinary program. There seems 
to be no simple educational formula for 
the resolution of the problem of depth 
and breadth. 

Faculty Size, Recruitment, and Retention 

In general, the recruitment of special- 
ized faculty members is more difficult for 
an interdisciplinary program, both be- 
cause of the demands of the job itself and 
because of the possible jeopardy that 
some feel that they enter on leaving dis- 
ciplinary departments aligned with pro- 
fessional and scholarly societies in the 
field. The fact that a department must be 
small enough to provide interaction 
among the faculty permits only a limited 
number of specialists in a given area. In 
some cases a faculty member may essen- 
tially be alone, a difficult position for all 
but the most energetic and confident jun- 
ior faculty. The necessity of ensuring a 
cadre of specialists in a given area makes 
recruitment vital and perhaps more diffi- 
cult than recruitment in comparable 
fields, where departments number from 
10 to 15 specialists in a given area. Pre- 
sumably, a prerequisite for each faculty 
appointment, in the natural or social sci- 
ences, or in engineering, is a high degree 
of competence in some field of knowl- 
edge. As Mar et al. (2) note, specialists 
of the kind who might be most welcome 
in a first-rate department in that specialty 
need not be those who are most appro- 
priate to an interdisciplinary research 
team. However, criteria for a coopera- 
tive research appointment may differ 
from those for a tenured faculty appoint- 
ment. Thus, those specialists who are re- 
cruited for an interdisciplinary faculty 
must be those who choose to join a 
multidisciplinary program, rather than a 
more specialized one. 

A faculty of about 18 was initially pro- 
posed, to cover the three broad areas of 
interest in our environmental program, 
although some cautioned that the num- 
ber might be too few to provide the req- 
uisite depth. Since a single departmental 
faculty cannot, and should not, expect to 
cover in depth all subjects which stu- 
dents require, the counter argument was 
that too large a faculty would tend to di- 
vide into groups, effectively thwarting 
the objectives of interaction. While no 
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figure for an optimum size has been es- 
tablished, experience has shown that 15 
to 18 faculty members are sufficient to at- 
tract several faculty members in dif- 
ferent areas of specialization and, at the 
same time (given faculty commitment to 
the program) offer a high probability of 
constructive interaction. Sixteen facul- 
ty, the largest size reached by our de- 
partment, were sufficient to attract good 
young faculty and good graduate stu- 
dents, but not large enough to lead to ex- 
cessive fragmentation. The number is of 
course not magical. Indeed, three or four 
committed faculty may be able to mar- 
shal the resources of a college or univer- 
sity and create a viable interdisciplinary 
effort, but commitment and continuity 
are difficult to maintain in such a small 
group, that is dependent on many other 
faculty to provide the needed breadth of 
knowledge. 

The promotion and tenure of faculty 
proved to be a major concern of new 
young faculty members. Senior faculty 
who have chosen to work in an inter- 
disciplinary program have, for the most 
part, satisfied the customary criteria for 
promotion in a graduate and research- 
oriented faculty, before committing 
themselves to the program. Young facul- 
ty are aware that the criteria for promo- 
tion may give heavy emphasis to scholar- 
ly research and publication. Of equal 
importance, they are aware that the fra- 
ternity of their peers is primarily con- 
centrated in the recognized disciplines, 
and even subdisciplines, on which most 
university departmental structures are 
built. In a world of expanding knowledge, 
first-rate contributions to research and 
problem-solving are likely to be made 
within specialized areas and the results 
of research published in a restricted 
range of journals. Moreover, for the most 
part the academic readership confines 
itself to a limited number of journals (3), 
and hence visibility in the literature is 
much more easily attained by publishing 
papers in a few journals than it is by 
publishing the same number in a broader 
spectrum of journals. It may be argued 
that such blinders are irrelevant to 
scholarship, provided that the quality of 
the work is high. However, aside from 
the reasonable suspicion that young 
scholars are not likely to make contri- 
butions over a broad spectrum, other 
scholars in the field are simply not likely 
to be aware of the publications or, in 
fact, to feel themselves qualified to re- 
view them. For this reason, both the 
criteria for promotion and the selection 
of appropriate referees are of critical 
concern to young faculty looking for- 

ward to promotion and achievement of 
tenure. 

Even where the appointment and pro- 
motion experience has been good, that 
is, where good faculty in a variety of dis- 
ciplines have been promoted and given 
tenure at a rate comparable to that in the 
specialized disciplines, virtually all 
young faculty have, from the outset, ex- 
pressed concern about the route to pro- 
motion, the nature of the peer review, 
and the criteria that would be applied 
in their evaluation. Because an inter- 
disciplinary department runs against the 
grain of the traditional university struc- 
ture, faculty are aware of the attitudes, 
and sometimes suspicions, of fellow dis- 
ciplinarians. To some extent, the prob- 
lem parallels one encountered in the 
evaluation of contributions in applied as 
compared to pure research, within uni- 
versities. The depth of these concerns 
depends in part, of course, on the char- 
acter of the institution as a whole. Spe- 
cialized scholarship may be given more 
emphasis in one university than in anoth- 
er. 

Cooperative efforts in a smaller insti- 
tution may sometimes be easier than in a 
larger, more structured one, even though 
the potential opportunities available in a 
larger institution are greater. Inter- 
disciplinary educational programs are, of 
necessity, heavily dependent on close 
relationships with faculty in a variety of 
other departments. It is important to 
note, however, that in general such asso- 
ciations are voluntary and develop out of 
mutual interests, sometimes stimulated 
by money. At the same time, such rela- 
tionships are subject to the uncertainties 

_generated by departmental autonomy. 
Where faculty have considerable auton- 
omy, as they often do, no administrative 
mechanism guarantees continuance of 
important interdisciplinary interests. 

The dilemma posed by departmental 
autonomy is clearly confronted when an 
interdisciplinary program turns its atten- 
tion to interests which allied depart- 
ments may not at that time share. A bur- 
geoning development in one area may 
disappear, and with it several faculty 
members, when a potential cooperating 
department decides to direct its attention 
to unshared spheres. If continuity is to 
be achieved, it cannot be entirely depen- 
dent on the vicissitudes of wholly inde- 
pendent decision-makers with no stake 
in the interdisciplinary program. 

It is often assumed that joint appoint- 
ments in several departments can bridge 
the gap between specialty and problem 
areas. On occasion, they may indeed 
serve to cement relations between de- 
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partments or to encourage more frequent 
contact between faculties. As a rule, 
however, such cement and interaction 
either exists before a joint appointment 
is made, or develops without one, where 
the personalities and conditions are pro- 
pitious. Where such conditions do not 
exist, a joint appointment cannot over- 
come their absence. In a sense our expe- 
rience suggests that joint appointments 
work best where they are least needed. 
More often than not a major concern for 
a joint appointment develops into an un- 
equal partnership in which the faculty 
member is more likely than not to move 
in the direction of specialization and 
away from the interdisciplinary program 
if he or she insists on an appointment in 
the specialized discipline. 

It is an axiom of academic depart- 
ments that the personality of a scholar is 
irrelevant to the evaluation of his com- 
petence. (Indeed, one is expected to lean 
over backward to ensure that personality 
does not influence a judgment of scholar- 
ly attainment.) Aside from the observa- 
tion that human beings in general are 
probably incapable of behaving accord- 
ing to this strict dictum even if it is a 
good one, the necessity for faculty in- 
teraction in a program dedicated to in- 
terdisciplinary activity exacerbates the 
problem of personality. In a relatively 
small department, with acknowledged 
diversity of interests, the isolation of a 
few members severely constricts the ac- 
ademic program. 

Visiting faculty can stimulate inter- 
action and intellectual growth in a broad 
interdisciplinary program. As in all aca- 
demic efforts, however, a visitor is likely 
to prove most stimulating where he or 
she finds a group of similarly interested 
intellectual peers. Here the matters of 
size and a concentration of talent be- 
come most important. While the notion 
of a new point of view or wholly different 
approach is attractive, perhaps few vis- 
itors are likely to make contact or pro- 
vide inspiration. With some exceptions, 
in our experience, even a 1-year stay was 
insufficient to permit the full in- 
volvement of the visitor in research and 
education in the department, although 
first-rate teaching and participation in 
seminars and in some research were re- 
warding. In contrast, 3-year part-time ap- 
pointees not only helped to establish the 
excellent continuing foci of interest, but 
also developed a deep involvement with 
students and faculty. A wide variety of 
reasons, including circumstances such as 
accidents of timing, influenced the varied 
results derived from the appointment of 
visiting faculty. 
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Graduate Students 

Graduate students, with interests and 
high competence in a variety of fields 
relevant to the study of environmental 
problems, are essential in achieving the 
intellectual cross-fertilization expected 
of an interdisciplinary program. Gradu- 
ate students learn a great deal from each 
other. Such learning includes not only 
formal information but also, in an inter- 
disciplinary context, the important limi- 
tations of fields with which they are not 
familiar, as well as the complementary 
relationships of a number of specialties 
important to the solution of environmen- 
tal problems. Thus, the intellectual 
cross-fertilization which occurs inside 
and outside of the classroom is the most 
successful method of transmitting the 
message of the interrelation among the 
inseparable parts of environmental prob- 
lems. This too is a subjective judgment, 
but the degree of interaction and its im- 
pact on the thinking of the students has 
been evident in seminars, in the response 
of students at university oral examina- 
tions, in the choice of thesis topics, and 
in the way in which both seminar proj- 
ects and dissertation studies have been 
carried out. For these reasons, the fre- 
quency distribution of students within 
areas of specialization in an inter- 
disciplinary program is of major impor- 
tance. While interest in different areas 
waxes and wanes, loss of faculty and stu- 
dents in one or another area can jeopar- 
dize the attainment of the objectives of 
an interdisciplinary program. The leaven 
required cannot be achieved without 
maintaining some kind of equilibrium 
between the important aspects of the 
field. 

For the above reasons a program must 
be able to attract students well-trained in 
specialized areas among those requisite 
to the fields appropriate to the inter- 
disciplinary interest. Many of the best of 
such students may logically choose the 
road of specialization. A lesser number, 
by prior exposure or bent, will choose 
the less certain route of an inter- 
disciplinary program. Still others, mav- 
ericks of broad but shallower back- 
grounds, will be attracted to the less 
clearly defined interdisciplinary effort. 
Among the- latter will be the best and 
worst of the zealots. The academic prob- 
lem is not zealotry, but rather the neces- 
sity for letting students know ahead of 
time that interest or even commitment 
is not a substitute for knowledge in an 
academic endeavor. Interest and com- 
mitment are perhaps necessary but not 
sufficient criteria for fulfillment in inter- 

disciplinary or problem-oriented pro- 
grams, just as they are in any more spe- 
cialized academic area. 

The problem of identity among stu- 
dents in an interdisciplinary program is 
ever present. The dilemma of special- 
ization as compared to breadth can be 
acute as students come to recognize, in 
the same way that junior faculty do, that 
for the most part the reward structure in 
academia heavily favors specialization. 
The title of a natural science or of an eco- 
nomics department automatically con- 
fers membership in a club on the recipi- 
ent of a Ph.D. degree. This is not true in 
an interdisciplinary program. The degree 
to which such professional associations 
seem important to a student is a function 
of both his recognition of the potential 
importance of such an association and 
his level of insecurity. As was noted ear- 
lier, students in the department are re- 

quired to specialize, and most join spe- 
cific professional societies, participate in 
meetings, and organize seminars and 
courses in their areas of interest and spe- 
cialization in an attempt to develop com- 
petence and an identity in those areas, 
along with their interest in broader envi- 
ronmental problems. The necessity to 
maintain contact with several specialties 
requires effort and, except among the 
most secure students, produces a contin- 
ual nagging concern that they may not be 
readily accepted in their area of special- 
ization, and in the same way may remain 
in professional limbo. The results, in 
terms of placement and recognition, sug- 
gest that this fear may be exaggerated 
since graduates do find placement in spe- 
cialized disciplines in academia, as well 
as in government and private industry, 
where their broad interdisciplinary expo- 
sures are a significant asset. Graduates 
who have combined specialization with a 
broad background and exposure to envi- 
ronmental problems appear to be partic- 
ularly sought after, and those with facili- 
ty in the application of mathematics to 

problem-solving in environmental fields 
are in particularly heavy demand. Nev- 
ertheless, there is evidence that some 
graduates have been penalized in seeking 
employment in specific disciplines by 
their association with a broad and ap- 
plied area rather than with a narrower 
discipline. 

Curriculum 

As noted above, the basic problem of 

specialization and generalization, or 
depth and breadth, cannot be resolved 

by a simple manipulation of the curricu- 
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lum. The environmental program empha- 
sized specialization and an attempt to 
achieve breadth through projects, semi- 
nars, and studies designed to bring stu- 
dents with different specialized interests 
together to work on common problems. 
These devices have been successful in 
many cases. Some fraction of the stu- 
dents remain untouched by the effort and 
would probably do better in more spe- 
cialized programs. The structure re- 
quired by systems analysis, including the 
use of the computer, has sometimes 
proved to be useful in framing ap- 
proaches to decision-making problems 
in environmental management. A large 
number of the students subjectively as- 
sessed to have benefited from the inter- 
disciplinary program were those with 
competence in the use of mathematical 
tools of analysis. Some, however, were 
not. While the use of computer structure 
and rigor in problem-solving, including 
the necessity for explicit statement of as- 
sumptions and options, can serve as an 
integrative tool, some of the students 
who have the most to contribute to 
broadening the view of an environmental 
problem are precisely those without the 
requisite mathematical skill or bent. At 
the other extreme there are mathemati- 
cal wizards with little feel for a real prob- 
lem. 

Despite the avowed intent of students 
and faculty in an interdisciplinary effort, 
the demands of learning burgeoning ma- 
terial in specialized fields maintains an 
ever present centripetal force. This is 
particularly true as participants discover 
that communication across different 
fields requires mastering new "lan- 
guages." Not infrequently, it is assumed 
that these "other" languages are either 
simple or not central to the broad prob- 
lem. The necessity for constantly dis- 
abusing both specialized faculty and stu- 
dents of the perception that the answer 
to the problem lies within anyone's 
single discipline is unsettling, particular- 
ly in a specialized academic scene. 

Students who have chosen the inter- 
disciplinary route do, of course, take on 
the personal task of mastering one or 
more areas in depth, and of grappling 
with the relation between their special- 
ties and the larger problems of society 
with which they have chosen to struggle. 
The educational program of each stu- 
dent, while concentrated in an area of 
the social, natural, or engineering sci- 
ences, provides broad latitude for selec- 
tion of courses beyond the special- 
ization. A flexible program is then an 
enormous asset for those who are able to 
take advantage of it. A minority of the 
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students, however, prove unable to do 
so. For them a more structured program 
both lessens the problems of identity and 
provides more security with less effort. 
To limit the number of applicants who 
may mistakenly opt for the broader and 
flexible program, the "stand on your 
own two feet" demand of a flexible pro- 
gram must be made as clear as possible 
at the outset. 

Summary and Some Conclusions 

The experience of the interdisciplinary 
or multidisciplinary program of the De- 
partment of Geography and Environ- 
mental Engineering suggests some tenta- 
tive conclusions perhaps relevant to fu- 
ture efforts at forging viable and produc- 
tive interdisciplinary programs. Because 
these points have been elaborated in the 
text, they are stated here with a mini- 
mum of qualification. 

A vigorous program with an out- 
standing faculty can compete with spe- 
cialized disciplines to attract good facul- 
ty and good students. 

The scale of the effort represents a 
compromise between the need for spe- 
cialists and that for a size small enough 
to encourage interaction among faculty 
and students with diverse backgrounds. 
At Johns Hopkins, it would appear that 
more than 20 faculty members would 
have created a faculty with strong ten- 
dencies toward regrouping along discipli- 
nary lines. A faculty of less than 10, 
as a separate department, suffers severe 
problems of stability as well as coverage. 

Interdisciplinary programs are viewed 
with considerable suspicion by many 
faculty. This is particularly true of their 
attitudes toward the educational function 
as opposed to the research function, of 
such efforts. In principle, such skepti- 
cism is unlikely to vanish, in view of the 
necessary tension between breadth and 
depth in an educational experience con- 
strained by time. 

University administrations differ wide- 
ly in their interest and concern for prob- 
lem-oriented programs. Those institu- 
tions in which the faculty controls policy 
and decision-making probably have less 
interest in such programs. 

Because interdisciplinary efforts re- 
quire cooperation beyond the confines of 
a single program or department, the mu- 
tual interests of faculty members in di- 
verse areas must converge in order to 
provide a viable program. Again, the de- 
gree to which an institutional administra- 
tion can ensure the continuity of a pro- 
gram depends on the size of the institu- 

tion and the way in which departmental 
autonomy governs appointments. Large 
institutions with broad coverage of fields 
are more likely to ensure the presence of 
faculty members in appropriate areas of 
interest to environmental or other prob- 
lems than are small institutions. Thus, 
programs at small institutions are prob- 
ably more stable if they are formal de- 
partments, or other formal units, rather 
than ad hoc committees. 

Because of the proper disciplinary 
structure of most academic institutions, 
both students and junior faculty must be 
concerned with the reward structure, 
which includes recognition, jobs, and 
tenure. Competent students and junior 
faculty have been penalized less than 
they perceive themselves to have been, 
but the perceptions are nonetheless real, 
particularly for the less able. 

As some authors have pointed out (4), 
interdisciplinary environmental or urban 
programs can best be brought into being 
by the mutual interests of existing facul- 
ty. Such arrangements can be strength- 
ened by the provision of independent 
funds for faculty, regardless of discipline 
or department, and by provision of fel- 
lowships and stipends to be used at the 
discretion of the interdisciplinary pro- 
gram or committee. In hard times it is 
surprising how much cooperation may 
be bought for a limited number of dol- 
lars. Faculty appointments cannot be 
purchased in the same way without some 
assurance of continuity. 

The appropriateness of interdisci- 
plinary programs depends on the in- 
stitution and on the times. The success 
of the effort cannot be ensured by an ad- 
ministration, but its demise can be 
caused by either an administration or by 
a faculty. In the latter case, an adminis- 
tration can provide some protection. 

An important contribution to highly 
specialized instruction and research in 
an academic institution can be made by 
an interdisciplinary program and depart- 
ment. The desirable amount of such 
leaven is clearly a function of the charac- 
ter of the institution and its resources. 

In all likelihood the interests of so- 
ciety, which are often reflected in the job 
market, will have a greater influence on 
the attraction of good students to prob- 
lem areas of inquiry than will the theo- 
retical basis or justification for that in- 
quiry. The recent attraction of graduate 
students in physics and biophysics to en- 
vironmental studies is evidence of this 
influence. 

Problem-oriented programs in univer- 
sities are not a new phenomenon. Recur- 
rent surges of interest in social problems, 
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such as environment, energy, or cities, 
renew demands for new or different pro- 
grams. It is clear that the minimum req- 
uisites for the productivity of such pro- 
grams are funding for graduate students, 
and at least an expected 5 years of conti- 
nuity of funding for key faculty partici- 
pants. This need not mean funding for all 
key faculty, but rather funding to ensure 
needed minimal coverage. The appropri- 
ate administrative home will depend on 
the institution. While one can generalize 
about the prospective problems of a 
multidisciplinary effort, comparable gen- 
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eralizations cannot be made about the 
optimal design for such a program be- 
yond the statement of some minimum 
requisites. 

While the view that the best generalist 
is a broken-down specialist has been put 
forward, society's needs appear to war- 
rant continued multidisciplinary efforts 
despite the educational problems. The 
appropriate level for such programs may 
be the masters, the doctorate, or succes- 
sive two-degree programs. Each has 
costs and merits, superficiality or time 
countered by depth and breadth. The job 
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market, the subject, the institution, and 
the program itself, in some combination 
rather than alone, probably determine 
the level of education at which an inter- 
disciplinary program is likely to be suc- 
cessful. 
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The world of federal grants and con- 
tracts to universities, hospitals, and oth- 
er research institutions, long thought to 
be self-regulating, is coming under in- 
tense scrutiny in Washington these days. 
An increasing number of government 
agencies, from Congress' General Ac- 
counting Office (GAO) to various ele- 
ments of the Department of Health, Edu- 
cation, and Welfare, including the Na- 
tional Institutes of Health (NIH), are 
looking at how government research 
funds are actually spent at recipient insti- 
tutions. The activities under examina- 
tion range from out-and-out fraud to rou- 
tine fudging of accounts, a practice that 
violates federal rules but that seems, 
nonetheless, to be common. 

So, more and more congressional 
staffers and Executive Branch officials 
are learning the not-too-thrilling details 
of "time and effort reporting" and 
"monthly certification" and other fea- 
tures of the current system of managing 
federal funds for science. Rules and 
practice, however, diverge often enough 
that one official likens such study to 
"playing with Jello." But he and other 
officials, such as Representative L. H. 
Fountain (D-N.C.), are deeply con- 
cerned that this morass may conceal vio- 
lations of peer review, not to mention 
strict accounting procedures. 

Fountain's alarm is an important bell- 
wether, because, as chairman of a Gov- 
ernment Operations Committee sub- 
committee, he launched in the 1960's one 
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of the most thorough and probing inves- 
tigations Congress has ever made of how 
research moneys, particularly those of 
the NIH, are spent. His committee found 
considerable waste and mismanagement 
at that time and developed revised pro- 
cedures aimed at cleaning things up. But 
recently Fountain told Science, "I am 
concerned that the reforms we accom- 
plished in the 1960's may not have en- 
dured." The subcommittee's belief that 
granting institutions, together with gov- 
ernment audits, have been adequately 
policing the system "may be illusory." 
Fountain says his staff is undertaking a 
major follow-up of its earlier work. 

The issue has surfaced in the last year 
in Washington largely because of two in- 
cidents. One occurred at Harvard (Sci- 
ence, 23 September) and involved Phin 
Cohen, an assistant professor of nutri- 
tion who alleged that he had been made 
to sign blank forms vouching for how his 
NIH grant moneys had been spent, while 
the Department of Nutrition at the 
School of Public Health filled them in 
with unrelated items and forwarded them 
to the government. Not only did NIH in- 
vestigators find the Cohen allegations 
true, but they found serious accounting 
problems in two other Harvard grants 
that they examined. NIH asked Harvard 
to pay back $132,349 to compensate for 
misspending on all the grants. HEW 
auditors are now beginning an audit of all 
federal funds-which total some $400 
million-Harvard receives. 
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The second incident, which may have 
aroused the Secretary of HEW, involved 
the Eppley Institute in Omaha, Nebras- 
ka, which has received more than $18 
million in funds from the National Can- 
cer Institute to test chemicals for carcin- 
ogenicity. According to GAO investiga- 
tors, whose report is about to be pub- 
lished, between 1973 and 1976 Eppley's 
contracts with NCI have been extended 
without using normal procedures. For 
example, some 11 projects, some of 
which had already begun, were approved 
with only a verbal say-so from NCI. 
Moreover, some 50,000 laboratory ani- 
mals, bred at a cost of $1.75 apiece, 
turned out not to be employed in Ep- 
pley's research and apparently were de- 
stroyed. Finally, some of the equipment, 
materials, and animals the government 
paid for were used for Eppley's industri- 
al research contracts according to GAO. 
The Eppley situation has suggested to 
several observers that some bending of 
the rules has been overlooked by NCI 
officials, because Eppley's director is 
Philippe Shubick, a member of the Presi- 
dent's National Cancer Advisory Board, 
which has oversight responsibilities for 
the NCI. 

[Eppley's Associate Director, Phillip 
Issenberg, told Science that Eppley had 
always "done what we were told to do 
by NCI" in renewing its contract. As for 
the 11 projects, "We did not have the 
good sense to put their response in writ- 
ing." The misuse of equipment was mini- 
mal, he said, and the animals destroyed 
for good reasons. But he admitted that 
Eppley could have been more careful in 
having bred 78,000 animals of which only 
27,000 were used in experiments. Ep- 
pley's NCI contract is currently up for 
renewal.] 

It should be noted that no one is alleg- 
ing-even in the most serious cases dis- 
covered so far-that scientists are using 
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