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addresses the basic "how to  do it"— how s ta te s  and local governm ents can identify  

com plex and cross-cutting issues and develop and m anage scien tific  and technical 
resources in seeking policy solutions to  such issues.
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INTRODUCTION

The use of federal research and developm ent programs and federal scien tific  and 

techn ical resources by s ta te  and local governm ents in support of the ir policy-making 

needs is a re la tively  new phenomenon.

In fa c t, until very recently  one did not hear of a  science advisor in a governor's 

o ffice , much less a technology agent in a mayor's or a  c ity  m anager's office. 

N evertheless, there  is growing evidence th a t more and m ore s ta te  and local 

governm ents are going to  need federal sc ien tific  assistance as they  seek solutions to  

complex policy issues.

The fac ts  and recen t history surrounding these points a re  dealt with more 
com pletely in P a rt 1 of this Handbook.

With its  three parts, this Handbook rep resen ts an a ttem p t by the  N ational Science 
Foundation, with the assistance of fou rteen  cooperating federal departm ents and 

agencies, to  display the basic federal research  and developm ent and scien tific  and 

techn ical resources th a t are potentially  useful to  s ta te  and local governm ents.

P a rt 1 of the Handbook, Science and Technology and Political Decision Making, 

addresses the  basic "how to  do it"— how s ta te s  and local governm ents can identify  

complex and cross-cutting issues and develop and m anage scien tific  and technical 
resources in seeking policy solutions to  such issues.

P art n  of the Handbook is en titled  The Federal Response M echanism. It deals 

w ith how federal cooperating agencies will respond on an interagency basis to  s ta te  and 
local needs.

P a rt n i  of the Handbook is a C atalog  of Federal R esearch and Developm ent 

Program s and Federal Scientific and Technical Resources— with P o ten tia l U tility  to  

S ta te  and Local Government Policy Developm ent Processes. The program s and 

resources lis ted  in this catalog  were nom inated for inclusion by the  cooperating  federal 

agencies.



c
There is a very basic and im portant d istinction to  be made betw een the  utilization 

of federal m ission-oriented, categorical, operating or planning assistance programs and 

the u tilization  of federal R<5cD and S&T program s. S ta te  and local governm ents seek 

federal funds in operating areas of concern on an ongoing and recurring basis to  achieve 
federal program objectives a t the s ta te  and local levels.

On the  o ther hand, federal R&D and S&T resources a re  used on a  one-tim e basis 

where there  is need for new knowledge or for the developm ent of new applications of 

existing knowledge in new situations.

This Handbook seeks to  point out the d ifferences betw een continuing federal 

program support and the  com plexities involved in the  application of federal scien tific  

resources to  complex s ta te  and local policy issues. Four principal d ifferences are:

1. M ulti-program  or multi-agency; s ta te  and local R&D g ran t applications 
will tend  to  seek to  solicit and in teg ra te  funds for cross-cutting  or 
m ulti-disciplinary purposes from two or more program s within one 
departm ent, or from among two or more agencies.

2. Multi-disciplinary; The research will tend to  require in tegrating  the
eft : r z 3  of a  number of disciplines and may involve disciplines th a t ^
frequently  do not work together or th a t may be antagonistic tow ard (
eacf.n o ther.

3* Scien tific  and Technical Resources: There are additional com plexities 
tha: arise  from understanding the  d ifferen t views, research  methods 
and bodies of lite ra tu re  of the various scien tific  fields. F urther, there  
is an extension of complexity th a t derives from em ployii^  scien tists 
d irectly  in the  definition and solution of problem s in a  political 
environm ent.

4. R esearch and Development: There are additional standards and c rite ria  
th a t sep ara te  acceptable research e ffo rts  from less rigorous problem
solving effo rts . Not the le as t of these is the com petence of the 
researchers  perform ing the work.

The concern here is with applied, not basic, research  and with problem -oriented, 

not academ ically focused, research. We deal here in th a t realm  of governm ent concern 

th a t lies betw een norm al daily problem solving and basic research.

During the  course of the  developm ent of a  federal interagency response 

mechanism to  m eet s ta te  and local needs, the  Interagency S teering Group considered 

five pilot p ro jec t applications, which w ere subm itted  by a  governor’s o ffice , a  s ta te  ^

leg islature, two consortium s of local governm ents and a  city .
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The review process th a t was developed for the purposes of the p ilot p ro jects 

fu rth e r illu s tra te  the differences betw een ongoing federal program  support and 

federally  sponsored scientific and techn ica l research . Pilot p ro jec t applicants w ere 
in s tru c ted  th a t, in part, proposals would be evaluated under the following c rite ria ;

1. Is the complex, cross-cu tting  problem or issue significant, and is i t  
c learly  articulated?

2. Does the  problem or issue pose im portan t policy issues, and is there  
dem onstrated in the  application  the  process by which the  p ro jec t work 
would in terface  with s ta te  and local governm ent policy m akers? To put 
i t  another way, how will th e  proposed research and/or dem onstration 
pro ject be in tegrated  in to  th e  s ta te  or local governm ent's policy-m aking 
process?

3. Has the problem and issues s ta tem e n t been properly tran s la ted  into 
research  components?

4. Has the s ta te  or local governm ent docum ented th a t it  has checked the 
research  components against o ther scien tific  research pro jects covering 
the same or sim ilar areas of concern, e ither already accom plished or 
under way?

5. Are the scientific and techn ica l resources proposed to  undertake the 
work adequate and properly qualified?

6. How does the s ta te  or local governm ent applicant intend to  m anage and 
control the scientific and techn ica l resources assem bled on a  m ulti
disciplinary basis to  undertake the  work?

It is specifically to  address, in an instructional and explanatory fashion, the issues 

posed by the  questions noted above th a t this Handbook has been prepared. Its  audience 

is principally intended to  be s ta te , areaw ide and local governm ent officia ls who have to  

deal in policy m atte rs  containing sign ifican t scien tific  and techn ical com ponents, as 
well as the  scien tists who will have to  work w ith these officials, and the  m em bers of 

th e  federal scien tific  community who wiU fund and partic ipa te  in these  e ffo rts . . . .  all 

within the  political decision-making co n tex ts  of the  s ta te  and local governm ents 

involved.

The m ateria l presented within th is Handbook has been com piled and w ritten  by 

the  O ffice of Harold F. Wise. A ssistance in gathering pertinen t inform ation was 

provided by persons within each of the  pa rtic ip a tin g  federal departm ents and agencies. 

Their assistance is g reatly  appreciated. Personnel of the O ffice of Harold F. Wise who
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made significant contributions to the substantive nature  of this Handbook are LaVerne 

Anthony Beck, C arol Freedm an, Carolyn Price, Brandon R oberts, Deborah Sharp, Joan ^  )

Towles and Jason ZeUer. Special thanks go to  Carolyn Price for the development and 

application of the Key Word Index and Program Finder and for organizing and preparing 
the  C atalog m ateria l so th a t it  would be in presentable form , and to  Gail Holt, for her 

adm inistrative support.

Consultant assistance on the project included:
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Science and Technology and Politieal Decision Making
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The Research/Decision-M aking Process 
Defining Problems and Identifying Research Components 

Research and Decision-Making S trategies
How to  Identify Existing Knowledge or Ongoing R esearch in the Area of 
Policy Concern

Managing Multi-disciplinary Research
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1. BACKGROUND STATEMENT OF THE ISSUE

Introduction

Science and technology (SicT) have profoundly a ffec ted  and shaped today's life

style in A .nerica. The technological innovations of the past th irty  years have 

significantly  a lte red  the way in which people work and live. The products of m ilitary 

and space-age research  have radically  m odernized and com puterized Am erica's 

industrial and governm ental work force.

In recen t years, the emphasis in applied science and technology has sh ifted  from 

militsmy and industrial a ffa irs  to social smd public m anagem ent concerns. Science and 

technology have awakened to  the problems of poverty, law enforcem ent, environm ental 
degradation, transporta tion , housing and other areas, while still playing a major role in 
m ilitary  and industrial undertakings.

This m ovem ent has, in part, been a response to  the direction th a t some federal 
agencies have given research  and developm ent. However, th is federal direction has not 

re fle c ted  a com prehensive sh ift in national policy, but is ra th e r an independent 
m ovem ent by certa in  agencies.

A major po ten tia l com ponent of any dom estic research  is its u tility  and 

application to the  public sec to r. In the past, s ta te  and local governm ent research  needs 

have been only partia lly  fulfilled by federal research  and developm ent program s through 

an unprogrammed ffltering  down of by-products from federally  sponsored research 

e ffo rts , the agenda for which were often  determ ined by the program units of the sam e 
federal agency.

There are essentially  tw o ways in which sc ien tific  and technological resources can 

be applied to  s ta te  and local governm ents: through m odernization and sophistication of 

the processes th a t deliver public services, and through im provem ents in the inform a

tional process and resources of s ta te  and local governm ent so th a t science and 

technology can be conceptually and institu tionally  in teg ra ted  into the policy-making 
process.

R esearch ac tiv itie s  in the la te  1960s and early  1970s focused on improving s ta te  
and local governm ents' ab ility  to deliver public services. This was a focus on
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iniprovem ents in the perform ance of existing program s under an array of existing 

policies. However, these research  effo rts  did not provide solutions for the new and 

complex problems confronting s ta te  and local governm ents. It might be concluded th a t, 
during tills tim e, research  ac tiv itie s  were not specifically  oriented to public-sector 
needs.

Undoubtedly, both the scien tific  com m unity and public policy m akers 

shared, a t th a t tim e, a lack  of understanding as to the  role of technology in addressing 

complex policy issues. Nor did they understand the ability  of policy makers to shape 

the ir policy problem s in a m anner th a t would inv ite  the  sc ien tific  community to 

contribute to  the developm ent of policy approaches to  new public needs.

Im provem ent in the  S ta te  and Local Governm ent

Policy-Making Process and the  Increase in Federal T ransfer of Funds

In recen t years, s ta te  and local governm ents have becom e aware of the 

im portance of the policy-m aking process. In making policy decisions, they have 
realized  th a t problem s must be well defined, th a t a lte rn a tiv es  must be understood, and 

th a t solutions must re fle c t the fiscal and political rea litie s  of an issue. To achieve 

these goals, s ta te  and local governm ents have had to  m odernize th e ir institu tional 
processes.

To a large degree, the s ta te  and local governm ent m odernization has been 

p rec ip ita ted  by ac tiv ities  of the  federal governm ent. The pro liferation  of federal 

program s and dollars made i t  v irtually  impossible for s ta te  and local officials to manage 

the ir affa irs  as they had in the past. The federal governm ent increased its reliance 

upon s ta te  «md local governm ents to  carry out federal program s and policies by raising 

d irec t or ind irect expenditures of federal transfer and g ran t funds from 10.9 billion 

dollars in 1965 to  88.9 billion dollars in 1977. The 1979 budget com m itted  82.1 billion 

dollars to  the in tergovernm ental transfer of funds (i.e., from federal to s ta te  and local 

governm ents), while the 1980 budget estim ates 82.9 billion (see Table 1). This 

m agnitude of funds, coupled with increased federal reliance on s ta te  and local 

governm ents for im plem entation of federal program s, o ften  resu lted  in the creation  of 
new roles for s ta te  and local governm ents.

S ta tes  have increasingly received  federal m andates to  im plem ent specific federal 

program s. Table 2 is a lis t, drawn up by the N ational C onference of S ta te  Legislatures, 

of recen t federal laws delegating im plem entation responsibilities to the s ta tes . The 

in te rre la ted  and in terdependent e ffec ts  of many of these program s have necessita ted  

governm ental reorganization.



Table 1

H istorical Trend of r  ederal G rant-in-A id O utlays to S ta te  and Local Govern.nents

(Fiscal years, dollar am ounts in millions)

Five-year In tervals T otal G rants

1950 $ 2,253

1955 3,207

1960 7,020

1965 10,904

1970 24,018

O ne-year Intervals

1975 49,832

1976 59,094

1977 68,415

1978 77,889
1979 estim ate  32,129

1980 82,937

Source: U.S. O ffice of M anagem ent and Budget, Special Analyses, Budget of the

U nited S ta te s  G overnm ent, F iscal Year 1981 (Wasiiington, D.C.: U.S.

G overnm ent P rin ting  O ffice , January  22, 1979)



Table 2

Examples of Federal Laws D elegating Im plem entation 

Responsibilities to  the  S ta tes

T itle  XIX of Social Security  A ct of 1935; (P.L. 271) as amended by P.L. 89-97, 7/30/65; 
P.L. 90-248, 1/2/S8; P.L. 91-56, 3/9/69; P.L. 92-223, 12/28/71 (42 U.S.C. 1396, e t seq.); 
P.L. 92-603, 10/30/72; P.L. 93-66, 7/9/73; P.L. 93-233, 12/31/73.

Federal Coal Mine S afety  A ct Amendments of 1985; (P.L. 39-376, 3/26/66, 80 S ta t. 
84):

Highway Safety  A ct of 1966; (P.L. 89-564, 80 S ta t. 731) as amended.

F ederal M etal and N onm etallic Mine S afety  A ct of 1966; (P.L. 39-577, 9 /16/66, 80
S ta t. 772, 30 U.S.C. 721-740).

National T raffic  and Motor Vehicle S afety  A ct of 1966; (P.L. 89-563, 80 S ta t. 718) as 
amended by P .L . 89-670, 10/15/36; and P.L. 91-285, 5/22/70.

Omnibus C rim e C ontrol and Safe S tree t A ct of 1968; (P.L. 90-351, 6/19/68, 82 S ta t. 
197) as amended.

Radiation C ontrol f.:^ H ealth  and S afety  A ct of 1968; (P.L. 90-602, 82 S ta t. 1173, 42 
U.S.C. 241 and 263).

Clean Air A ct Amendments of 1970; (P.L. 91-604, 84 S ta t. 1676) as amended by P.L. 
93-190, 11/18/77, 91 S ta t. 1399-1404 (42 U.S.C. 7410 e t seq.).
Federal RaHroad S afe ty  A ct of 1970; (P.L. 91-458, t i t le  II, 10/16/70, 84 S ta t. 971-977, 
45 U.S.C. 431-441) as amended.

O ccupational S afe ty  and H ealth  4 c t of 1970; (P.L. 91-596, 12/29/70, 34 S ta t. 1590) as 
amended.

Lead-Sased P ain t Poisoning Prevention Act of 1971; T itle  I (P.L. 91-895, 42 U.S.C. 
4801) as am ended by P.L. 93-151; and P.L. 94-317.

C oastal Zone M anagem ent A ct of 1972; (P.L. 92-583, 10/27/72, 86 S ta t. 1280, 16
U.S.C. 1451-1464).

Federal Environm ental Pestic ide  C ontrol A ct of 1972; (P.L. 92-516, 86 S ta t. 973) as 
amended.

Federal W ater Pollution C ontrol A ct Amendments of 1972; (P.L. 92-500, 10/13/72, 86 
S ta t. 816, 33 U.S.C. 1251 e t seq.).

M arine Mammal P ro tec tio n  A ct of 1972; (P.L. 92-522, 10/21/72, 86 S ta t. 1027, 16
U7S.C. 1361) as amended.

Marine P ro tec tion , R esearch and Sanctuaries A ct of 1972; (P.L. 92-532, 10/23/72, 86 
S ta t. 1052, 16 U.S.C. 1431-1434, 33 U.S.C. 1401) as amended.

Noise C ontrol A ct of 1972; (P.L. 92-574, 86 S ta t. 1234).

Em ergency M edical Services System s A ct of 1973; (P.L. 93-154, 11/16/73, 87 S ta t. 594- 
605).

Em ergency Highway Energy Conservation Act of 1974; (P.L. 93-293, 87 S ta t. 1046) as 
amended.
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Juvenile Ju stice  and Delinquency Prevention A ct of 1974; (P.L. 93-415, ' i H / 7 \ ,  38 S ta t. 
1109, 18 U.S.C. 4351-4353) as amended.
N ational H ealth  Planning and R esources D eveloom ent A ct of 1974; (P.L. 93-841,
T74775, 3TS'tat.'2223--227i,"42 U.S.C^300).

National Mass T ransportation  A ssistance Act of 1974; (P.L. 93-503, 11/26/74, 88 S ta t. 
1565).

Safe Drinking W ater Act of 1974; (P.L. 93-523, 12/13/74, 88 S ta t. 1860) as a.Tiended by 
P.L. 95-190, 11/16/77, 91 S ta t. 1393, 1394.

E n e r ^  Policy and C onservation A ct (EPCA) of 1975; (P.L. 94-163, 42 U.S.C. 6321- 
6325) as amended.

Energy Conservation and Production A ct (EPCA) of 1976; (P.L. 94-385, 90 Sat. 1125) as 
am ended.

H ealth  M aintenance O rganization Amendments of 1976; (P.L.94-460, 10/8/76, 90 S ta t.
Tgiiy:

Resource Conservation and R ecovery A ct of 1976; (P.L. 94-580, 10/21/78, 90 S ta t.
2795, 42 U.S.C. 6901).

National Surface Mining C ontrol and R eclam ation A ct of 1977; (P.L. 95-37, 10/3/77, 91 
s ta t .  445, 30 U.S.C. 1201).
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A significant aspect of both s ta te  and local governm ent policy-m aking processes 

is th e ir ability  to acquire detailed  and accu ra te  inform ation on issues or problems of 

concern. The number of complex issues which now face s ta te  and local governm ent — 

eit.her through necessity  or by federal m andate (i.e., issues associated  with the 
program s of Table 2)—is growing daily. O ften these issues have sc ien tific  or 

technological components or im plications th a t m ust be exam ined. The National 

C onference of S ta te  L egislatures has identified  a lis t of issue areas whose S&T 

components confront the  public sec to r. They include: 
o Energy

o N atural Resources 

o Land Use

o Economic D evelopm ent and G row th M anagem ent 

o W eather M odification

o N atural H azards M anagem ent (drought, flood, earthquake, e tc .) 

o Privacy of Inform ation 

o N uclear Wastes 

o Environm ental M anagement 

o M edical and H ealth  C are  

o Public Finance 

o G enetic  R esearch 

o T ransportation

Since a la rge  number of these issues are  complex policy questions, the d irec t 

application of sc ien tific  and/or technical knowledge in the planning and policy form ula

tion process is often  necessary  to  arrive a t appropriate  decisions.

The Em ergence of C ross-C utting  Issues

The term  ’’cross cutting" has com e to  be used to  describe the sorts of problem s and 

issues th a t rise to the a tten tio n  of a  Governor's office, a s ta te 's  leg islative  leadership, 

or a local governm ent policy-m aking body because they  cannot be dealt with routinely 

by specific departm ents or agencies. Quite o ften  these issues out across s ta te  (and 
federal) departm ental areas of concern or a ffe c t more than one level of governm ent, 

crossing trad itional functional areas of responsibility. A cross-cu tting  issue usually 

requires an in terdiscip linary  analysis to sort out the relationship betw een causes and 

e ffec ts , and thus develop policy directions aim ed a t correcting  or otherw ise dealing 
with the cause of the problem.



A few examples can illu s tra te  the na tu re  of cross-cu tting  issues and problems, 

although this l is t is by no means m eant to be all-inclusive,

0 The poor, the elderly and m inorities are concen tra ted  more ajid more in 
older cen tra l c ities. The cost of needed^overnm enta l services is higher 
in the cen tra l c ity  than in the suburbs. There also has been a movem ent 
of tax -generating  industrial developm ent to  the suburbs. These condi
tions are results of past public policy. The causes might be traced  to  a 
com bination of fac to rs  — among them the developm ent of the in te rs ta te  
highway program and easy housing c red it for new subdivisions through 
Federal Housing A dm inistration (FHA) and V eterans A dm inistration (VA) 
program s, to g e th er w ith a desire on the part of young white fam ilies to 
escape busing within cen tra l-c ity  school d is tric ts . Each of these actions 
resu lted  in functional responses which had a cum ulative e ffe c t of 
creating  the cu rren t complex situation. Public policy to am elio rate  and 
cope w ith these problems will undoubtedly call for new in itia tives in 
many areas, in d u in g :  rev ita lization  and im provem ent of the quality  of 
life  in the cen tra l c ity , m etropolitan wide sharing of nonresidential tax 
revenues and adoption of policies resu lting  in a more com pact urban 
developm ent p a tte rn , all on an in tergovernm ental basis. H ealth, educa
tion, manpower training, economic developm ent, transporta tion  and 
housing program s, as well as issues of public finance and the equating of 
revenue sources with the costs of needed public services, aU are involved 
In th is cross-cu tting  issue.

o The m aintenance or resto ra tion  of good a ir quality represen t a major 
problem th a t confronts many of our m etropolitian  areas. Solutions to  this 
condition require the consideration of numerous issues, such as the 
economics of regulating industrial and vehicular pollutsuits and the 
e ffe c t of pollu tants on health and agricu ltu re , along w ith life-sty le  
considerations developed over generations. Such issues cover a broad 
spectrum  of scien tific  and social science inquiry. Knowledgeable 
decisions require inform ation from each of these areas as weU as 
infca*mation about th e ir cum ulative im pact on the overall problem.

o One s ta te  in  the  upper Midwest is in the process of converting from an 
agricu ltural economy, with its  resu ltan t se ttlem en t p a tte rn , services and 
shipping requirem ents, to  an economy th a t could very well be dom inated 
by the  energy industry — ex trac tion , shipping and transporta tion , as weU 
as generation  and transm ission. Questions have been raised regarding 
the im pact of these sh ifts on the  need for the delivery of ail kinds of 
s ta te  services. Will the distribution of population be different? Is there  
a  boom town po ten tia l in the developm ent of energy resources? What 
about hesilth, w elfare and ed u ca tio n ^  needs; will they be d ifferen t in a 
changed economy? What costs will change in individual s ta te  programs?
How are these costs to be met? What will the tax  base be? What needs 
win there  be for local governm ent services? While agricu ltu re  will 
rem ain as a  major com ponent in the s ta te 's  economy, new economic 
ac tiv ities  will c rea te  the  need for in terdiscip linary , c ross-cu tting  
analysis and policy developm ent both by the S ta te  Legislature and the 
Governor's o ffice .



s ta te  Governm ent Science and Technology Policy and Experience

The em ergence of complex issues and problems th a t have significant scien tific  

and technological com ponents, and th a t are o ften  cross-cu tting  and m ultidisciplinary in 

natu re , is a phenomenon th a t confronts all s ta te  and local governm ents.

Policy s ta tem en ts  by the N ational Governors’ Association (NGA) and the National 

C onference of S ta te  L egislatures (NCSL) re fle c t the  im portance th a t these public 

in te re st groups place on the application of scien tific  and technological resources to  the 

s ta te  policy-m aking process. NGA's 1978-79 policy s ta tem en t on science and tech

nology s ta te s  in part:

The federal governm ent supports a multi billion-dollar research  and 
developm ent budget, which does not e ffec tiv e ly  m eet s ta te  and local 
needs. Although many governm ent-financed discoveries in science and 
technology have been adapted  for p rac tica l use, this application has 
o ften  been m erely coincidental because federal research  and develop
m ent generally is not undertaken to address specific areas of concern as 
defined by s ta te  and local governm ents.

If the general public is to derive maximum benefit from the civilian- 
oriented research  and develop budget support a t g rea te r taxpayer 
expense, its  investm ent must be reconsidered to  em brace this broader 
range of sc ien tific  and technical problems.

To achieve this g re a te r  re tu rn  for s ta te  and local governm ents and their 
citizens, a stronger long-term  relationship w ith the existing federal 
science and technology establishm ent must be forged.

In a resolution approved by its science and technology com m ittee  on August 3, 

1977, NSCL took a sim ilar stance:

In order to  improve the  application of sc ien tific  and technological 
resources to the problems and issues confronting s ta te  governm ents, the  
N ational C onference of S ta te  Legislatures recommends:

o T hat the federal governm ent, working w ith the established intergov
ernm ental bodies and associations represen ting  s ta te  and local gov
ernm ent policy m akers, establish an agenda of c ritica l issues and 
problem s facing the s ta te s  and th e ir localities  th a t can be used in 
designing federal research  and developm ent program s.

o T hat each federal agency involved in research  and developm ent or 
regulatory  program im plem entation establish e ffec tive  programs to 
m ake the resu lts of these e ffo rts  available to  s ta te  governm ent, and 
th a t an in teragency focal point be established to provide inform ation 
about these  program s.

I t is fu rth er recom m ended th a t the several s ta tes:
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o Take action to apply science and technology resources to legislative 
policy-m aking process by partic ipa ting  in the S ta te  Science, 
Engineering, and Technology Program; and

o C om m unicate the ir specific  needs for scien tific  and technical assist
ance to the appropriate  federal agencies and the NCSL O ffice of 
Science and Technology in order to  fa c ilita te  the  developm ent of 
e ffec tiv e  national research  and developm ent program s th a t m eet 
s ta te  needs.

The position taken by these public in te re s t groups is indicative of the 3i5cT issues 

actually  confronting s ta te  governm ents. The N ational Science Foundation (NSF), 

through its Division of In tergovernm ental Science and Public Technology (ISPT), has 

been involved v^ith s ta te s  in this area  fo r the past four or five years. Their involvem ent 

has resu lted  in the docum entation of complex cross-cu tting  issues to s ta te  governm ents. 
Following are a few exam ples.

o The issue of pesticides and th e ir e ffective  use and control confronts
most agricu ltu ra l s ta tes . In M innesota, broad concern fc«r environm ental 
p ro tec tion  is the responsibility of the Environm ental Q uality Board, 
which is composed of seven m ajor departm ent heads and a rep resen ta tive  
of the Governor. The board, chaired  by the s ta te  planning d irec to r, has 
established a task  fo rce  on pesticides to  explore the issue, describe the 
problem properly and lis t available a lternatives. In this instance, much 
knowledge already exists and can be m arshalled by the agencies involved.
In addition, the issue has many dimensions — e.g., im pact on crop mix, 
agricu ltu ral production levels, w ater pollution, farm  incom e, public 
health  — and m ust be looked a t from many perspectives,

o In Michigan, the recognition th a t c e rta in  complex issues cross trad itional
boundaries betw een departm ents has led the  Governor to  establish four 
cab inet councils — the Council on Urban A ffairs, the Council on 
Environm ent and N atural R esources, the  Council on Economic Develop
m ent and the  Council on Human Services. Each is composed of the 
d irecto rs of those departm ents whose jurisdiction crosses the topic area 
and of individual advisors se lec ted  by the Governor. The councils m eet 
on a montlily basis to discuss m ajor issues th a t cross departm ental 
boundaries. Each departm ent presents its  assessm ent of the issue and its 
recom m endation for s ta te  policy. The Governor who is thus provided 
with a lte rn a tiv e  views for d e te rm in ii^  his position.

o Colcarado has recen tly  a ttem p ted  to streng then  linkages betw een science
and policy form ulation. There have been four major a ttem p ts  in the  last 
five years to expand and streng then  the bridges linking inform ation needs 
of the  s ta te  governm ent to  the  knowledge and research  in the  s ta te .
These have included the appointm ent of a  Governor's Science Advisor 
and Council, the  establishm ent of a Colorado Energy R esearch  In stitu te , 
a proposal to  in itia te  a Colorado In stitu te  of R esearch on Public 
Problem s, and the funding of a sm all In s titu te  for Advanced Urban 
Studies. Each of these was designed to  supplem ent the general capacity  
for ensuring th a t sc ien tific  knowledge is made available to  those who 
need i t  — farm ers, s ta te  leg islato rs, executive officials ;md others.
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0 In 1975, NCSL identified  the need to  provide a ■'.'lodel In te rs ta te  
Scientific and Technical Inform ation C learinghouse (MISTIC). Initially  
supported by the  N ational Science Foundation, th is clearinghouse also 
curren tly  receives support from five federal agencies. MISTIC helps 
s ta te  leg islatiires deal '.vith SiJcT-related issues by com m unicating the ir 
inform ation needs to  federal agencies and other sources of technical 
expertise  lo ca ted  in universities, industry, o ther s ta te s  and professional 
societies. As an inform ation "brokerage," MISTIC has also kept the s ta te  
leg islatu res aw are of federal agency R3cD activ itie s  re la ted  to  the ir 
concerns, and in doing so, has supported in tergovernm ental S<kT develop
m ent as part of the s ta te  policy-making process.

The preceding is only an exem plary lis t of the  types of ac tiv ities  and issues with 

which s ta te  governm ents have becom e involved in the area  of science and technology. 

Suffice it to say, the ir involvem ent is growing. (ISPT reports th a t it has often  been 

asked to fund projects to solve these  complex cross-cu tting  issues because s ta te s  have 

no identified process with which to approach a combined group of functional federal 
agencies.)

There is every reason to believe th a t the federal governm ent, specifically  the 

Executive O ffice  of the P residen t and Congress, has been recognizing this developm ent.

New Federal Science and Technology In itiatives

President Jim m y C a rte r , in his f irs t S ta te  of the Union address, em phasized this 

N ation’s com m itm ent to  research  and developm ent. Mr. C arte r said:

The health  of Am erican science and technology and the creation  of new 
knowledge is im portan t to  our economic well-being, to our national 
security , to  our ability  to  help solve pressing national problems in such 
areas as energy, environm ent, health , natural resources. I am recom 
mending a program of real growth of sc ien tific  research and o ther steps 
th a t will streng then  the  Nation's research cen ters and encourage a  new 
surge of technological innovation by Am erican industry.

President C arte r 's  willingness to increase  funding for basic research , a t a tim e 

when he insists on holding down federal spending, re flec ts  the increased a tten tio n  

accorded science and technology in the past several years. Further, there  has been 

congressional concern. Legislation en titled  "The N ational Science and Technology 
Policy, O rganization and P rio rities  A ct of 1978" ’was passed reestablisliing a scien tific  

and technological advisory office within the Executive O ffice of the President. This 
advisory group is known as the O ffice  of Science and Technology Policy (OSTP).
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The purpose of this a c t was to establish a seience and technology policy for the 

U nited S ta tes , to provide scien tific  and technological advice and assistance to  the 
P resident, and to provide a com prehensive survey of ways and means for improving 

federal e ffo rts  in scien tific  research  and inform ation handling. A significant component 
of the ac t was the recognition given the in tergovernm ental nature of science and 

technology. The H ouse-Senate conference com m ittee  repo rt on the 1978 ac t expressed 
its unanimous conviction

(1) of the soundness of the concept th a t s ta te  and local governm ents 
could p ro fit from  th e ir own science advisory system s; (2) th a t such 
system s could be made m ore effective  tlirough appropriate  liaison with 
the  federal governm ent; and (3) th a t g rea te r cooperation and improved 
financial arrangem ents between the s ta te s  and localities and the 
N ational Science Foundaticm are in order, including adequate additional 
financial support of program s designed to increase a s ta te 's  capacity  for 
wise application of science and technology to  s ta te  and local needs.

As a part of this fe d e ra l/s ta te /lo c a l partnership , the a c t established an In te r

governm ental Science, Engineering and Technology Advisory Panel (ISETAP) within 

OSTP to identify  pressing s ta te , regional and local problem s which science and technol

ogy might resolve or am elio ra te , and to develop recom m endations on ways to enhance 
the transfer and u tiliza tion  of research and developm ent results to s ta te  and local 
governm ents.

In creating  ISETAP, the Congress and the Executive Branch recognized the need 

to increase  the involvem ent of s ta te  and local governm ent in science and technology 

policy. It was fe lt  th a t since s ta te  and local governm ents deliver m ost of the 

dom estic services of the  federa l governm ent and are actual or po ten tia l users for much 

of the federally  supported dom estic research , and since s ta te  and local governm ents can 
a ffe c t the ex ten t of science and technology through th e ir regulatory  and taidng powers, 

e ffo rts  should be m ade to  make federally  supported research  m ore applicable to the 

needs of s ta te , regional and local governm ents and the citizens they  serve.

Science and technology in an in tergovernm ental con tex t includes the following, as 
identified  by the  ISETAP staff:

o Use of scien tific  and technical resources (modern technology products, 
softw are processes, research  inform ation, and sc ien tific  and technical 
personnel) in service delivery, policy developm ent, and adm inistrative 
and planning functions of s ta te , regional and local governm ents;

o Knowledge gained from scien tific  inquiry th a t is applicable to  problems 
faced by s ta te , regional and local governm ents and knowledge gained
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froni evaluations of science and technology applications, innovations or 
experim entations in these governm ents;

o D evelopm ent of the capacity  of s ta te , regional and local governm ent 
offices to apply scien tific  and technical resources, to handle Issues with 
major technological or scien tific  com ponents, and to  u tilize  modern 
m anagem ent methods; and

o T ransfer of sc ien tific  and technical inform ation from the research 
com m unity to  s ta te , regional and local governm ent o fficials in a form 
and m anner to  encourage its  appropriate use.

Expanding S ta te  and Local Science and Technology C apabilities

E fforts to  improve the  in tergovernm ental nature  of science and technology are 

being conducted by the  O ffice of Science and Technology Policy, specifically  ISETAP, 

and the  N ational Science Foundation. ISETAP is prim arily involved in se ttin g  federal 

research  and developm ent agendas th a t re fle c t the needs of s ta te , regional and local 

governm ents. The N ational Science Foundation, through its in tergovernm ental pro

gram s, is concerned with improving the capacity  of s ta te  and local governm ents to deal 

xvith scien tific  and technological issues. In both its core s ta te  and local program s and 
its  m ore recen tly  authorized S ta te  Science, Engineering and Technology (SSET) study 

gran t program , NSF’s assistance has been provided to  support the study or developm ent 
of an approach or mechanism th a t prom otes the wise application of science, engineering 

and technology in m eeting the needs of a s ta te  and/or its political subdivisions.

A growing aw areness of the need t a c  new knowledge and new technology on the 

p art of s ta te  and local governm ent has been em erging in recen t years, largely because 

s ta te  and local governm ents (through th e ir areawide organizations) have been required 

by the federal governm ent to engage in a broad range of planning and policy making. 

This aw areness has been stim ula ted  particu larly  by ce rta in  program s of the D epartm ent 

of Housing and Urban Developm ent (HUD), the  D epartm ent of Com m erce's Economic 

D evelopm ent A dm inistration (EDA), the  Environm ental P ro tec tion  Agency (EPA) and 

the  D epartm ent of T ransportation  (DOT). HUD's comprehensive planning assistance 

program  (701), EDA's economic planning assistance program (302), EPA's w ater and air 

quality planning program s, and DOT'S planning program s (mass tran s it, highway and air) 

toge ther have raised  a broad range of sc ien tific  and technological issues, in addition to 

encouraging m anagem ent im provem ents emd institu tional changes. These programs 
have indeed paid for a g rea t deal of applied research . Most im portantly , however, they 

have c rea ted  a clim ate  within which the  need for new knowledge to  deal with new 

issues has m ore and m ore been recognized and accepted.
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It can probably be said th a t NSF-sponsored s ta te  and local governm ent 3<kT 

activ ities would not have appeared or received  the accep tance th a t they have had not 

the clim ate for such a program been weU established through the individual federal 

planning requirem ents and program s re fe rred  to above. NSF effo rts  and ISETAP are 
discussed in m ore detail below.

S ta te-L evel NSF O perations (SSET). NSF’s S ta te  Science, Engineering and 

Technology (SSET) program has m ade study grants to  forty-nine of the  fif ty  Governors' 

offices and to  f ^ ty - tw o  s ta te  leg islatu res. These grants are for the purpose of 

assisting s ta te s  in the evaluation of problem and policy areas involving science and 

technology and in the in itia l determ ination  of the scien tific  and technological resources 

available to  analyze the problems and to seek a lte rn ativ e  solutions. Hence, these s ta te s  

in e ffec t, a re  already on the ir way. They a re  potenti,al users of the system  outlined in 
th is Handbook.

Local-Level NSF O perations. The local governm ent component of NSF's O ffice of 

In tergovernm ental Program s has established ten  local innovation netw or'o ; some are 

m ultis ta te  regional networks, o thers are sta tew ide . These groups seek to  apply new 
technologies to  be applied to  s ta te  and local issues. In addition, th ree  national networks 

which vary according to  the size of the user have been established. These networks 

open up and identify  areas of concern where new knowledge or technology is needed. 

Their purpose is to tran sla te  the problems of local governm ents into an RAD agenda 

seeking federal response through research  and funding. The th ree  national networics 
are;

0 Urban Consortium  t a c  Technology In itia tiv es . The Urban Consortium  for 
Technolc^y In itia tives is composed of the tw enty-eigh t la rg est c ities 
(over 300,000) and eight urban counties. The consortium provides a 
forum fOT rep resen ta tives of the  nation 's m ajor urban cen ters to m eet 
regularly to  define and se t p riorities for th e ir RAD needs. The 
consortium seeks to increase cooperative urban-oriented research  
arrangem ents with federal agencies and the p rivate sec to r, fa c ilita te  
proof-of-concept testing , improve in terjurisd ictional inform ation trans
fe r, and stim u la te  m arket aggregation for science and technology 
applications.

o Urban Technology System (UTS). UTS has much the sam e objectives as 
the Urban Consortium . I t is composed of tw enty-seven local govern
ments with populations betw een 50,000 and 500,000. UTS places 
technology agents in each m em ber jurisdiction and involves back-up.
RAD institu tions whose resources can be called  upon by the technology 
agents to assist th e  local governm ents in the  system .
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Com m unity Technology In itiatives Profflam (CTIP). CTIP also shares the 
objectives of the  Urban Consortium . I t is composed of tw enty-seven 
m unicipalities and townships and th ree  counties, each w ith a population 
under 50,000. The CTIP program  focuses on the  science and technology 
needs of sm aller governm ents. It uses eight c ircu it-rider technology 
agents assigned from  federal labora to ries via the  In te rg o v e rn m e n ti 
Personnel A ct.

The d irec t partic ipan ts in these  networks have developed a consciousness concern

ing the needs for the uses of research  and developm ent to improve and enhance the 

governance of the ir jurisdictions.

ISETAP. The Intergovernm ental Science, Engineering and Technology Advisory 

Panel (ISETAP), and a group of Governors, leg islators and locally  e lec ted  and other 

public officials, has undertaken the assignm ent given to  them  by the Congress to 

establish a research  and developm ent agenda around the problems and issues facing 

s ta te  and local governm ent. Initially some 800 problem s were defined. These have 

been consolidated in to  ten groups of issues and ranked by priority . The Am erican 

Academy fca" the A dvancem ent of Science (AAAS) is holding workshops th a t include 

scien tists  and p rac titioners  on these groups of issues to determ ine how science and 
technology can be applied to  the developm ent of solutions to the enunciated  problems. 

The results of these AAAS workshops are being w ritten  up and are being m ade available 

to the federal scien tific  com m unity and to s ta te  and local governm ents through their 

public in te re s t organizations. In addition, the  ISETAP s ta ff  is working to develop new 
approaches for m arketing of these findings.

Conclusion

In short, a lo t is going on. P resen tly , s ta te  and local governm ents are developing 

the capability  of using scien tific  and technological resources to  critique, assess and 

evaluate complex, cross-cu tting  problem s, as well as to form ulate a lte rnative  solutions. 

This capability  is a new, evolving one. Three facto rs have contributed  to its 
developm ent.

o The m odernization of s ta te  and local governm ents has increased their 
ability  to  infuse inform ational resources in to  the policy-m aking process.

o The im plem entation of federal program s with sc ien tific  and technical 
e lem ents (see Table 2) by s ta te  governm ents has forced s ta te s  and local 
governm ents to identify  S&T components of an issue.

o The in te re s t a t the federal governm ent level in applying R<5cD program s 
and S<kT resources to  m eet publie-sector needs has resu lted  in the
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form ulation of ISETAP within the O ffice of Science and Technology 
Policy and the  im plem entation of NSF's in tergovernm ental program .

The increased ability  of s ta te  and local governm ents to understand and use 
scien tific  and technological resources in the ir policy-m aking process will po ten tia lly  
p rec ip ita te  new requests for federal assistance to examine issues. These requests will 

more than likely re fle c t the m ultidisciplinary nature  of problems ra th e r than the 

various functional concerns of mission agencies or the specialized nature  of scien tific  

discipline research. Thus, s ta te  and local governm ents can be expected  to  seek federal 

R&D assistance in areas in which they  have had l i t t le  previous involvem ent.

The R&D C atalog , which is P a rt III of th is Handbook, lists fo rth -seven  federal 

R&D program s from  which s ta te s  and local governm ents might so lic it assistance. These 

programs re fle c t the  functional concerns or specialized nature of functional mission 

agencies. H istorically, the public sec to r has not utilized these program s to examine 
problems for several reasons;

o The past inability  to  identify  and understand the sc ien tific  and tech
nology components of programs;

o The inability  of specific federal program s to solve cross-cutting  prob
lems and the exorb itan t cost of packaging sim ilar program s from  
d ifferen t agencies; and

o The lack  of e ffec tiv e , standard  m echanism s and procedures th a t re
spond to  requests seeking to combine various program s in to  one g ran t 
package.

In addition to  the federal R&D progam s listed , the cata log  also contains 

descriptions of an additional 178 federal program s th a t can provide scien tific  and 

technological support (resources) of po ten tia l aid to  s ta te  and local governm ents in 

th e ir search fo r new knowledge in complex and cross-cu tting  areas of policy concern.

With the increased S&T capability  w ithin s ta te  and local governm ents, it  seems 

apparent th a t  they wiH soon seek to  u tilize  th e  fed era l R&D assistance for which they 

a re  eligible. In soliciting assistance th a t corresponds with the ir problems, they will 

need to combine existing program s into com prehensive packages. Um^ortunately, 

federal R&D program s have not been s tru c tu red  to m eet the cross-cu tting  problems of 

the public secto r. There has not been an e ffec tiv e  procedure a t the federal level for 

R&D agencies to combine like program s in to  an in teragency package. The developm ent 

and institu tionaliza tion  of such a procedure will g rea tly  fa c ilita te  the g ran ts m anaga-
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m ent process t'nrough which s ta te  and local governm ents seek federal R&D program 
support.

The federal agencies which have the responsibility for bringing S&T resources to 

bear on issues they consider significant would benefit from a knowledge of, and a 
partnership  with, the s ta te  and local governm ents which have a d irect policy-level 

in te re s t in utilizing S&T resources to  resolve real-w orld issues. A means to achieve this 

partnership  would be a  process by which s ta te  and local governm ents could subm it 

applications to  the federal governm ent fo r jointly funded R&D assistance packages.

Packaging federal R&D program s to  m eet iden tified  complex issues a t the s ta te  

and local levels wiU m ean th a t S&T wiE provide input in to  the po litical policy-making 

process to an ex ten t not now possible. The solutions to cross-cu tting  issues often call 

for conflict resolution through the political process. Thus, a  growing political 

aw areness on the p art of the sc ien tific  com m unity and a  developing aw areness on the 

part of the political com m unity of the application of S&T resources to  policy resolution 

are  inevitable products of the developm ents outlined in this background sta tem en t.

A process whereby s ta te  and local governm ents can so lic it federal scien tific  and 
technological resources is se t fca-th in P a rt II of this Handbook.

The rem aining parts of P a rt I concern s ta te  and local capacity  to  u tilize  R&D 
resources. A research/decision-m aking process is outlined and then explained in order 

to assist s ta te  and local officia ls in applying R&D resources to  m eet public needs.
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2. THE RESEARCH/DECISION-MAKING PROCESS

The research/decision-m aking process described in this p a rt of the Handbook 
involves 11 steps, some of which can be elim inated in certa in  instances to achieve short 

cuts. The 11 steps are  sum m arized below and are  diagram m ed in Figure 1, with more 

detailed  discussion in subsequent chapters.

Eleven Steps

Step 1. Identify the  Problem . For the  purpose of this work i t  is assumeed th a t 

the  e lec ted  officia ls in charge have iden tified  the problem and presen ted  it  for solution. 

Thus, there  is no extensive tre a tm e n t of the lite ra tu re  for the task  of problem 
identification .

S tep  2. Define the  Problem . Problem definition norm ally receives short sh rift. 

Y et i t  is the key to any solution. The seeds of aH potentia l solutions lie  in how the 

problem is s ta ted . Therefore, i t  is im portan t to devote a t le a s t half of the available 

tim e and e ffo rt of a research  p ro jec t to a careful definition before proceeding to 
solutions. (See C hapter 3 for m ore detail.)

Problem definition can fa c ilita te  pulling together people from various disciplines 

and agencies because it  provides a  common point of focus. I t is c ritica l to 

iden tification  and use of scien tific  and technological inform ation because it breaks 

down the problem in to  m anageable components. Finally, good problem definition 

supports a solid research  proposal by defining the research  agenda.

Step 3. S et Decision and R esearch  S tra teg y . Political decision-m aking processes 

and scien tific  research  processes are  o ften  quite d ifferen t. This point is frequently  

overlooked in laying out a research  agenda. It is crucial when the work involves 

scien tific  personnel who may t>e unfam iliar with the political process. To accom m odate 

this fa c t, the s tra teg y  for arriving a t a decision and conducting the  research  must be 

laid out in advance to  establish the  lim its fo r inquiry, and to  make c lear to  all involved 
how the infca*mation will be used. In this way the a ir can be cleared. (See C hapter 3 
for more detail.)
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Figure 1. to be en tered  a t this point

Steps in the R esearch/D ecision-M aking Process
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s te p  4 Identify  and O btain Expert A ssistance. The assistance may be available 

from s ta te  agency s ta ff m em bers, may be re ta ined  through consultants, or may em erge 

through outside e j^ e r ts  brought in to  work on a com m ittee  or task  force. The 
iden tifica tion  of individuals may come through people already known to the s ta ff , a 
science advisor, a standing com m ittee , or a panel of scien tists  "on call" to  the s ta te  or

local governm ent. Or nam es may be generated  by accessing existing research  and 

n o tii^  authors of re levan t work. Technical expertise  will be required to  m eet the 

quality research  c rite ria  of any federa l agency and to  solve the complex problems this 

program is designed to  address. (See C hapter 5 for m ore detail.

S tep 4B. Identify  and Assess Existing R esearch . I t  is im portan t reasons to 

becom e fam iliar with the body of existing research. One of the key screening c rite ria  

for research  f o e  grants is knowledge of existing research . F urther, one may find 

solutions to  the  problem in existing research  without need for fu rth er e ffo rt. And as 

m entioned above, authors of existing research  may prove to  be useful experts in solving 

the problem a t hand. (See C hap ter 5 fo r more detail.

S tep  5. Evaluate Existing R esearch . The product of the search methods 

identified  here or elsew here constitu tes  raw data  for problem solving. It is not a 
product usable by all. It is prepared by specialists and it  norm ally requires in te rp re ta 
tion and evaluation by tra ined  people. It would be a m istake to presum e th a t untrained 

people could read  available research  and apply i t  to  a complex, highly technical problem 

not identical to the one described in the  research . (See C hapter 5 for more detail.)

S tep  6. Design R esearch Proposal. This step  sum m arizes what has been learned 

in the previous steps and combines it with federal agency requirem ents to  make a case 

f o e  funds. It may involve a refinem ent of problem definition. It should involve a 

decision and research  s tra teg y  and a m eans for managing the pro ject and its experts.

S tep 7. Process R esearch  Proposal. This involves a new process proposed 

specifically  fo r s ta te  and local governm ent tapping of federal research  and developm ent 
funds. (See P a rt II of this Handbook.)

S tep 8. Conduct R esearch . The main additional e lem ent to  be added to  the 

conduct of research  using R3cD funds is the  m anagem ent of the  m ultidisciplinary team . 
(See C hapters 6 for more detail.) O ther aspects are sim ilar to  research  under standard 

categorical grants with which applicants are assumed to  be fam iliar.

Step 9. Prepare Recom m endations and Im plem entation S tra tegy . S trateg ies for 

im plem enting the  research  are needed because many of the issues involving science and
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technology inform ation are highly em otional or the inform ation itse lf may be inconclu
sive. T herefore , it  is im portan t in the process of preparing a recom m endation to  also 

prepare a s tra teg y  for the users of the inform ation.

Step 10. Make Im plem enting D ecisions. This Is self-explanatory .

Step 11. M onitoring Decision E ffec ts . This is the la s t s tep  in the cycle. 

However, the m onitoring may lead  to a f irs t s tep  of subsequent cycles if new problems 

are engendered in im plem enting the solution of the previous problem or if the 

recom m ended actions fail to  solve the problem as anticipated .

Com m ents on the Process

There are several im portant points about the diagram in Figure 1.

(1) It ejq)resses only the relationships among the steps in the process. It 
does not express the  relationships among the  acto rs in the  process.

(2) The diagram shows in heavy outline the 11-step path  involved in the 
research/decision-m aking process. However, the  sam e diagram could 
be used for a  sho rt-cu t answer to a  problem which would involve only 
steps 1, 2, 3, 4A, 9 and 10. T hat is, if funds or tim e were short, or 
solutions were obvious, the task  might be solved m erely by employing 
the advice of experts w ithout engaging in fu rther research  or fu rther 
search  of d a ta  beyond th a t already known to  the expert panel.

A lternatively , a slightly longer path  would involve going through s tep  5 
and then  shunting to  s tep  9. This course involves preparing recom m en
dations based on existing research  without engaging in new research .

Each of these th ree  loops, the short loop th a t taps the heads of experts, 
the middle loop th a t taps existing research , and the  longer loop th a t 
envisions conducting new p lace-specific  research , are  of a fam ily. The 
basic process of solving a  problem is sim ilar. The only d ifference  is the 
am ount of new inform ation, i.e ., inform ation not already known by the 
parties who m ust make a decision, th a t is brought to bear on the 
problem.

Finally, th e re  may be a com bination of short-range and long-range 
cycles. For exam ple, in 1973 a  fire  re ta rd an t chem ical containing PBB 
(polybrom inated biphenyls) was accidentally  mixed w ith c a tt le  nutrien ts 
and subsequently shipped to several farm s in Michigan. This m ixture 
contam inated  the anim als tha t consumed it , and because of the 
properties of the chem ical, becam e a  long-term  and widespread prob
lem in the s ta te . Because th e re  was very l i t t le  knowledge about the 
po ten tia l long-term  e ffe c t of PBB on c a ttle  and on humans consuming 
m eat, milk and cheese containing it , and because there  were conflicting 
recom m endations regarding safe  levels of PBB in food, the  Governor 
called for a more intensive study of the problem.
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A special advisory panel of six sc ien tis ts  from across the nation was 
convened and given a specific  charge. Tiiis com m ittee  com pleted its  
work in two months and presented a repo rt to the Governor with 
recom m endations on the  PBB lim its and on directions for necessary  
fu ture  research , som e of which is being pursued by appropriate research  
in s titu tes  in the s ta te s . PBB is s till considered a statew ide health  
problem requiring continual policy a tten tio n . Therefore, Michigan 
combined the short-range cycle (in which the  s ta te  assem bled a se t of 
experts and took im m ediate action) with the longer-range cycle (in 
which a  longer-term  research  agenda was designed to  study the whole 
problem with m ore tim e and in more detail).

(3) An additional item  not easy to  illu s tra te  is the fa c t th a t the problem 
definition may change following the  iden tifica tion  of experts. There 
could be a f irs t d ra ft of the problem and a f irs t proposed s tra teg y  leads 
to  identifying ex p erts , which in turn  leads to  a review and po ten tia l 
redefin ition  of the problem. Or the problem could be redefined a fte r  
fu rth er inform ation flows from the evaluation of existing research , or 
as a consequence of the additional detailing  in the research  proposal, or 
based on the  results of the new research . Thus, i t  is not necessarily  a 
once-through cycle. It may recycle a t various points back through 
problem definition and on through succeeding steps.

(4) The diagram is drawn as a broken c irc le  to  portray  more accura te ly  the 
re la tion  of short, quick studies to  the  longer one envisioned by this 
Handbook. F u rth er, i t  was chosen to  express the cyclical na tu re  of 
research  and problem solving, with new inform ation leading to  redefin i
tion of the problem. The weakness of a  c irc le  diagram is th a t i t  is 
d ifficu lt to  show the  relationship betw een the  tim e stream  of the  
research  and the parallel tim e stream  of daily decisions by the e lec ted  
official(s) fo r whom and with whom the research  is done. Therefore, in 
C hapter 3 th e  steps are la id  out in a s tra ig h t line.

The following chap ters address m atte rs  th a t should be considered proceeding 

through these  steps.
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3. JSFINLNfG PROBLEMS AND IDENTIFYING RESEARCH COMPONENTS

There are many tex ts  on problem-solving m ethods. We do not propose to  cover 
the  topic in such depth. We do propose to  re la te  the task  of problem solving to s ta te  

and local public decision making, the  decision making of e lec ted  and appointed officials.

Thus, the  m ethods described will em phasize the capacity  of governm ent to  act on 

a problem. They a re  appropriate  for any of the th ree  problem -solving s tra teg ies  shown 

in Figure 1, i.e ., the  sh o rt-cu t approach which relies on drawing existing knowledge 

from experts in the field , or going a s tep  fu rther to  exam ine knowledge in prin t, or 

engaging in new research germ ane to  the  issue. The main concern of this chap ter is the  

iden tification  of those situations in which new research will be s tru c tu red  to deal 

specifically  with a  cu rren t defined problem.

Many problems becom e crises. They ai’e so obvious th a t no special effDrt at 

identixl cation is required. C rises may have to  be addressed by the Tvj O-<’.uc .a o t 'n i  or, 

a t m ost, a search of the existing lite ra tu re . If an item  is truly a crisis, i t  is unlikely 

there  will be tim e to ootain federal research  and developm ent funds. However, the 

Michigan crisis on PBBs did lead  to  a tw o-stage problem definition. The crisis was 
addressed in the  f irs t stage  by the sh o rt-cu t method, and in terim  action was taken. 

This was followed by a second trace  through the process over a longer period and a new 

research  undertaking. We wiU show through exam ples why i t  is im portan t to  try  to  

foresee problems befcare they occur, and how shortness of tim e can d irectly  a ffe c t the 

capacity  to deal fundam entally  with a problem. A crisis se ttin g  rapidly closes the 

options available for solving a problem .

This chapter is presen ted  in four parts: a se t of guidelines derived through

experience, an illustration  of a pocx* diagnosis, a suggested se t of techniques fo r those 

without exper’e ic e , and an application of the techniques to  a cu rren t example — a 

powerline problem. Experienced problem solvers may skip to  the following section a t 

w hatever point the p resen tation  is overly fam iliar.

Guidelines fo r Defining the  Problem

1. Be Rigorous in Problem  Solving. The need f or rigor applies to all th ree  of the 

approaches Illustrated  in Figure 1. Rigor does not mean exhaustive eff ort; it does mean 

precision of logic and accuracy  of analysis. By using a rigorous method, those engaged
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In ths inaly?i5 vill laam  much more about the problem and the appropria te  way to  

f 'a  ne it. For s tra teg ies  involving evaluation oC existing lite ra tu re  or a new research 

proposal, problem -solving m ethods of the  type shown fa c ilita te  breaking the work in to  
researchab le  components. These can be iised in the li te ra tu re  search , in the grant 
application, or in identifying sc ien tific  experts to pa rtic ip a te  in problem solution. \  

third reason for rigor, if federal funds are  to be requested, is that It Is an essential 

precondition to  receip t of funds for c ritica l research.

2 . A llocate Enough Tim e. P articu larly  if pressure is Iiigh for response to  a 

problem , th e re  is a g rea t tendency to  fram e the  m a tte r  quickly and jump to  solutions. 

This is a m istake. As the phiLosophers long ago dem onstrated  and as operations 

researchers have m ore recen tly  confirm ed, proper fram ing of a problem is crucial to  

solution. How the problem is s ta ted  lim its the solutions th a t flow from it. T hat is to 

say, the  fram ing of the problem will sep ara te  solutions th a t a re  witliin definition from 

solutions th a t will be excluded. P articu larly  in complex, cross-cu tting  issues, i t  is 

im portant to  spend tim e on problem s ta tem en ts  because bias can creep in so easily. It 

may occur because the analyst is so near to the problem. Or i t  may derive 

inadvertan tly  from  fanctional specialization , personal experience or any number of 

reasons.

Good research  s tra teg y  suggests th a t a t le a s t half the tim e allocated  to -eaching 

a solution should be saved for defining the problem. P ’cli ni vary .’^search nay be 

required to identify  potentia l causes of the problem before workable solutions can be 

identified . Jum ping from in tu itively  derived causes to  solutions may be wrong.

3. Keep an Open Mind; 3 e  A lert to  Bias. It is im portan t in problem solving to 

keep an open mind and a holistic view of the problem. The e ffec ts  of functional bias 

were alluded to  earlier. More im portantly , keeping a view of the la rg er con tex t within 

which the problem exists fa c ilita te s  the  iden tifica tion  of other aspects of the problem 

th a t may be worthy of investigation. One should tre a t  the problem as an object to be 

picked up, turned around and exam ined from all directions. As one works through from 

causal situations to po ten tia l solutions, additional aspects of the problem may become 

cle.ar and m erit a  new line of investigation.

4. Address Causes not Sym ptom s. It is in the nature  of public problems th a t

^ • o v a c m n e n t s  norm ally are forced  to  tre a t sy npco as ra th e r than causes. Politics, costs

aad ti ne available aU tend to  inhibit moving down the causal chain to lUore

fundam ental aspects of issues, as shown by the  illustration  below. This re inforces the 

pobit n vde sarlier about crises. Late-hour actions must be quite proxim ate to the
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cu rren t developm ent situation . Turning to  the exam ple below, it  is when the power line 

is being buut th a t the  people p ro test and the crises em erge. By then it is too la te  to  

back up to  (’oot causes, to  look a t a lte rn a te  locations for the power plant, or to  in itia te  

programs to cut consum ption th a t might have averted  the  need for the plant. The 
analysis should proceed down causal chains as fa r as possible, identify  solution 

stra teg ies  a t each level in the causal chain, and then choose to  pursue s tra teg ie s  as 

close to the root cause as one may come.

5. Separate  Causes From Solutions. It is im portan t in the conduct of the work to 

continue down the causal chain from  the problem tow ard the  root cause without ge tting  

sidetracked  in to  solutions or ge tting  solutions mixed up w ith iden tifica tion  of fu rther 

causes.

3. Set L im its. Only in theory is it  possible to proceed ./icn lo U i:;> ' i  i 

problem -solving situation. Lim its expressed in term s of concept, sp a tiil y  i u tm utioaal 

aspects, tim e or resources m ust be part of the situational constrain ts of the problem 

se ttin g  and description. The closer the problem is to a crisis, the more those lim its 

must be set. The problem -solving approach applies to steps 2, 8 and 8 of Figure 1. 

Insof.ar as possible, th e re  should be no more lim its than  necessary in step  2, and they 
should increase as analysis moves to  steps 6 and 8. When in doubt, include aspects for 
study, ra th e r than excluding them , in step  2. In the early  stages, m aintain a  free  flow 

of ideas about the natu re  of the problem and solutions, tightening the  flow as the work 

advances through la te r  stages of the  process.

7. C ut O ff With Diminishing R eturns. As the work proceeds, the question will 

arise as to  when one has gone fa r enough. When can one stop working tow ard more 

fundam ental causes and sh ift to  examining solutions? There is a natural diminishing 

return  th a t will se t In -where the  solution is in ternal to  the problem. It will occ!ur as the 
breakdown becomes less and less significant as an issue. When the root of a problem is 

ex ternal to the  situation, the diminishing re tu rn  will occur a t the point wlaere the action 

required is beyond the influence of the ^ e n c y  engaged in proposing action . For 

exam ple, when looldng a t why an autom obile won't s ta r t  ( vhich has an in ternal 

solution), one can go down through the e lec trica l system  and the fuel system . Upon 
getting  to the  s ta r te r  m echanism , if the solution to  a  s ta r te r  m otor problem is to 

replace the whole m otor, i t  would be inappropriate  to  analyze where within the s ta r te r  

m otor the problem may be. T hat is a point of diminishing re tu rn . On the o ther hand, in 

the example c ited  of the power line, i t  may be inappropriate to  proceed causally to  

aspects of the problem beyond the point a t which the exam ining agency can act. This
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may lim it action on the cu rren t problem to  the line Itself because the power plant is 

owned by a  private firm and is lo ca ted  in another s ta te  near its  fuel source — beyond 
control of the s ta te  described. This shows, however, tha t earlier study of the power 

line problem might have led  one to discourage the power company from locating  its 
plant in the  ad jacen t s ta te  a t the mine mouth.

These points will be illu s tra ted  and elaborated by the following two examples.

The Wrong Diagnosis: Some Lessons

This illu stra tion  is of an elderly  man with a m edical problem .

[The G en tlem an ], who was in his la te  sixties, com plained th a t la te  in 
the day he su ffered  f ir s t  blurred vision and then headaches and dizzy 
spells. op tom etrist told him th a t his headaches and dizzy spells 
stem ;ned from m oderate deterio ration  of the ayes, which in turn  was 
the  resu lt of old age. stopping the 'diagnosis here, the  op tom etris t 
prescribed bifocal eyeglasses to com pensate for the  change in vision.

As a resu lt of his d ifficu lty  in getting  used to  wearing liis new bifocals, 
the gentlem an tripped on a s tep  and bruised his hip. To be certa in  th a t 
it was just a bruise, he visited a doctor and in the course of his 
exam ination m entioned his blurred vision and headaches. The doctor 
then checked his blood pressure, which proved to be too high, and c ited  
this as the prim ary cause of the vision and headache problems. To put 
the doctor's diagnosis in our term s, he had com pared the patien t's  
actual condition to  a desired s ta te  of health  and saw the announced 
symptoms as the cause of the d ifference. He, unlike the op tom etrist, 
did not stop th e re , but asked, "W hat's causing the  blurred vision and 
headaches?" The op tom etris t had assumed the basic cause was old age, 
but the doctor had gone one step  fu rth er and had pinpointed high blood 
pressure as the  im m ediate cause. He then asked, "If high blood pressure 
is causing the  eye trouble, what's causiiig the high blood pressure?"

H ere, he made the sam e m istake as the  op tom etris t, assuming old age 
to be the d irec t cause of the high blood pressure. As a resu lt, he 
prescribed m edication and change of diet to provide sym ptom atic re lief 
for high blood pressure. He, in e ffec t, like the o p tom etris t, tre a ted  the 
symptom since he could not deal with what he fe lt  to be the roo t cause 
— old age.

Several months la te r , a routine visit to the den tis t revealed  th a t the 
doctor, like the  o p tom etris t, had failed by not pushing hard enough to  
co rrectly  identifying all the in term ed ia te  causes of the problem. The 
dentist found th a t the doctor had missed an im portan t link, a molar in 
which the  nerve had died and decay had begun. The im purities 
introduced in to  the blood stream  by the decaying too th  w ere, in fa c t, 
the d irect cause of the high blood pressure, which in turn  was the cause 
of the eye trouble and headaches and dizziness.*

Newman, Summer, and W arren, The Process of ’ lanagem ent (Englewood 
C liffs, N .J.: P ren tice-H ail, Inc., 1967), pp. 323-4.
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There are a number of lessons in this exam ple.

1. One must continue an investigation a f te r  the iden tifica tion  of a firs t 
po ten tia l cause or, put another way, continue asking "But what is the 
cause of . . . ?" until one arrives a t the root. While sym ptom atic 
tre a tm en t may provide re lief, i t  is not likely to be enduring.

2. The old man's m edical problem illu s tra tes  how the nature  of the work 
with which one is fam iliar can establish a  biased or lim ited  vision or a 
set of functional blinders In a ttem p ts  a t problem solving. The new 
concept of holistic m edicine is aim ed a t the very problem contained in 
this exam ple. H olistic views in problem solving in the public sec to r are 
equally in p o r ta n t, if not m ore so. There is a danger in these 
m ultidisciplinary program s of pursuing functionally defined patlis ra ther 
than m aintaining a  la rger view. The pro jects should be inter-discip lin
ary, synthesizing som ething larger than any discipline could by itse lf 
while in the  firs t problem -shaping phase. For la te r  production of 
solutions, narrow er functional specia lties may be pursued.

3. This exam ple has just a single line of causality , w hereas the typical 
p ro ject or problem will have m ultiple lines. F urther, this exam ple is in 
the physiological realm , which is the m ost concrete  and determ inative.
Had the problem been a psychological one which res^ulted in s tress  and 
the sym ptom s th a t the op to m etris t and the  doctor identified , the whole 
linkage might have been more d ifficu lt. C ertain ly  the  solution would 
have been more com plicated. In fa c t, in testing  for an answer, 
psychological po ten tia ls  for creating  a physiological e ffe c t woijld have 
been as im portant to look a t as the ones identified . When we are 
tulldng about complex, cross-cu tting  issues, they wiU alm ost always 
have m ultiple c a u s^  chains.

4. The exam ple also is simpler than many because the solution is within 
the  system  containing the  sym ptom s and c rea ted  by a problem within 
the system . On the o ther hand, public problems m ore commonly have 
solutions th a t are outside the  system  examined. In this case, for 
exam ple, there  may have been environm ental pollu tants in the work
place th a t would lead  to the sam e phenomena of blurred vision and 
headaches for the sam e reason — the environm ental pollutants worked 
th e ir way th r o u ^  the  lung system  in to  the bloodstream  with e ffec ts  
sim ilar to the poisons from the too th  root. Solving this ex ternal 
problem , however, involves working causally in both the ex ternal realm  
and the in ternal. The analysis of headache and dizziness to the blood 
poisoning isolates the ex ternal contam ination to  be traced  and rem oved. 
T reating  anything on the  person would only be sym ptom atic.

Techniques of Problem Definition

As m entioned a t the ou tset, th e re  are many books and many variants on the 

general m ethod of problem solving. The following is p resented  for those who are  not 

fam iliar with this general l i te ra tu re  or who have not established problem-solving
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procedures in the ir offices. It is a  simple, workable se t of techniques well su ited  to  

public problems.

Problem definition involves th ree  main tasks: (1) describe the situation , (2)

iden tify  environm ental or situational constrain ts to action , and (3) exam ine for causes 
of the problem.

Describe the S ituation . If the decision-m aking process is goal o rien ted  or 

norm ative, this step  will involve identifying what the cu rren t situation  is, what one 

would like i t  to be, and the resu ltan t gap betw een the two. If, on the other hand, the 

decision-m aking process is adaptive ot rem edial (which is m ore common), the question 

would be what is wrong with the existing situation , who is bar nad, why do som ething? 

This would identify  the conditions requiring a tten tio n  but not the ex ten t of a tten tio n  

th a t should be given.

The key question is, '’Why a re  we or they concerned about this condition?" A 

politician  may be concerned because citizens are concerned, as is the case in the 

illustra tion  below. By successively addressing questions about concern — "Why?" — one 

pushes the problem to ever more fundam ental concerns. This will be illu stra ted  below.

Most decision making by e lec ted  officials is adaptive, rem edial or am eliorative; 

most planning by professionals, particu larly  in societa l program s, is norm ative and 

"needs" based. This is not a choice of right or wrong but of d ifferen t approaches. This 

definition of the problem will establish the  values th a t will serve to  screen  the various 

a lternatives. How the  problem is defined a t this point will constrain subsequent 

actions. A fter proceeding through an exam ination of causes and of ^alternatives, there  

may be a re tu rn  to  th is description in order to se t the s ta tem en t In a new fram e.

Identify  Environm ental or S ituational C onstrain ts . Identify those societa l 

a ttitu d es  or lim itations of budget, manpower or o ther constraints th a t would p revent 

certa in  solutions to the problem. These constrain ts should not be used to  g en era te  

creative  ideas fo r problem solution in s tep  2 of the process in Figure 1, but they  will 

play an increasingly im portan t role in lim iting choices as research is firm ed up and 
carried  out.

Examine for Cause of the Problem . I t is im portan t th a t the exam ination for 

causes continue until the root cause has been found. The key question, which was 

illu stra ted  in the exam ple of the old man and Ivis nedical problem, is "What is the cause 

of the condition?" As m entioned, this question can e ither lead down to an even sm aller 

point within the system , or i t  can lead  up to  even larger but more basic and 

fundam ental policy outside the  system , as we wiU see in the illustration below.
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The search for causality  provides some lim its or bounds to the problem because it 

screens out unacceptable solutions or relationships. The focus on concerns additionally 

bounds the problem through excepting answers th a t are  voricable but not of in te rest. 

Combined, the focus on causality  gmd on concerns leads to a problem definition tha t 
incorporates a w ell-sta ted  fa c t  s itua tion  with the po litical reasons to respond. It is thus 

a problem defined in con tex t for political action.

In pursuing these  questions i t  may be necessary to  pursue causality  and concerns 

separa te ly  for substantive and process aspects of the problem , particu larly  decision- 

making process concerns. This, too, will be illu stra ted .

Illustrative Problem — Pow er Line Location

The problem s ta tem en t which follows is drawn from an actual cu rren t problem . It 

has been sim plified and a lte red  in some respects to  enhance the points illu stra ted .

The Situation and Concerns. The problem can be defined simply as i t  appears on 

the Governor's desk. C itizens and farm ers are virtually  a t war with the  power company 

regarding construction of a high-tension line across their farm s. If we accep t this 

s ta tem en t as i t  is given from the  G overnor to his s ta ff  or his science advisor, how do we 
begin applying what has been Identified above?

The im m ediate concern of personal safe ty  has been taken care  of by others 

assigned by the Governor. A fte r discussion with involved p artie s  — residents near the 

line, power company rep resen ta tiv es, s ta te  ^ e n e y  personnel — the following concerns 

em erged. The residents expressed early  concern about the  rad iation  or e lec trica l field 

th a t would be c rea ted  by the line. Pressed for why they  w ere concerned, they gave 

th ree  main reasons. The m ost im portan t re la ted  to personal health  e ffec ts  of exposure. 

Another was a sa fe ty  concern re la ted  to operating farm  equipm ent and irrigation  

sprinklers under the lines. And th e re  was a belief th a t com m unications equipm ent —TV, 
radio, telephone — would be disrupted.

A second cluster of concerns cam e from the power company and some s ta te  

agency personnel. These included energy availability and energy costs.

A third cluster focused on the decision-m aking process. The residents fe lt  due 

process was lacking because the  Environm ental Quality Board did not look a t an 

adequate  set of a lte rnatives. They also fe lt  the use of em inent domain by the p rivate 
power companies had been abused.
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The fourth  se t derived from the above. Again the residents s ta ted  th a t the ir 

farm s were adversely eut up by the stra igh t-line  routing, and farm ing operations were 

needlessly hindered as a resu lt.

The rea l case has fu rth er com plexities, but this should be enough for illustra tion . 

Each of these concerns and the  fa c t  situation  of how the line cam e into being should be 

laid out in m ore detail. But this will suffice for the  f irs t pass.

At this point, it  is c lear th a t th e re  are substantive and process concerns. 

F urther, i t  is found th a t the benefits of the p ro jec t accrue to  custom ers elsew here who 

do not have to  live with the line, and th a t those living with the line receive no benefit 

from it.

S ituational C onstrain ts. The line is under construction. AU required steps were 

taken in a legaUy co rrec t manner. The power wiU be needed within two years. There 

may be other short-te rm  a lte rnatives to  shunt power. Thus, while this line appears to 

be fa c t, other po ten tia l ones may be handled d ifferently . A near-te rm  action  is 

required on this one. T herefore, a  two or th ree -s tep  s tra teg y  may be pursued. Funds 
are available fo r research  if needed.

Cause of the Problem . The proxim ate cause of the problem , as s ta ted , is the 

operation of the power Une and its general location. The reason fo r the power line and 

its  general location  is th a t the point of consum ption in the m etropolitan  population is 

separa ted  from  the  location  of the power plant. T h a t is because there  is unm et demand 

in the m etro area and there  is an available supply of fuel in an adjacent s ta te . The 

power company, a p riva te  firm , packaged this supp ly /den  and situation  with a power 

line and a m ine-m outh generating plant. The specific  location of the line was chosen to 

reduce construction costs and tim e to  a minimum. Why th a t fuel was used, and why a 

plant was built at mine mouth will be looked a t as one of the a lte rn a tiv e  solutions to  

the problem . To press the unmet demand fu rth er would be to  raise la rge-sca le  regional 

population issues beyond the reach of this s ta te  governm ent. And to  pursue the fuel 

site  fu rth er would g e t in to  resource economics th a t are beyond the control of the  s ta te .
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Figure 2. Illustration  of S teps in Problem D efinition to be inserted  a t this point
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The process p a rt of the problem can be s ta ted  as an inadequate look a t 

a lte rnatives. This is caused by the inability  under law to  review the  energy agency 

determ ination  of need and to  review the exercise of em inent domain by a u tility . These 
two should be expressed m ore f'Jlly before pursuing specific  solutions.

The work to  this point can and should be diagram m ed in some fashion so the 

v,ariou3 pieces of data are graphically linked. Figure 2 is one exam ple of the 
substantive p a rt of the work.

G enerating A lternative  Solutions. This task, con trary  to  the earlier problem 

definition, should be undertaken in a  m ore open brainstorm ing fashion so maximum 

3reativa insights can be captured . We begin w ith the present s itua tion  on th is line, 

which is ju st under construction, because the Governor needs im m ediate action  on it. If 

i t  were only a proposal, one would s ta r t  w ith a lte rnatives a t the m ost fundam ental 

level. A t th is level, the  m ost proxim ate level to  where we are, what options are there  

tha t could respond to  the s ta ted  concerns? A change in routing for the p a rt not 

com pleted may positively address a number of concerns, but it also may resu lt in 

Increased energy costs (an im pact to be looked a t la te r). P lacing the line underground 

may be explored. So may aeqiiisition of additional property  rights, e .g ., acquisition with 
resale  to people who would be willing to  live in these locations, acquisition and lease

back or a varie ty  of modes o ther than the  one employed, which was the aeq d s itio n  of 

lim ited  easem ent by condem nation. Com pensation could also be extended to 

hea lth /sa fe ty  e ffec ts . For exam ple, the  s ta te  could take out paid-up health /acciden t 

policies on the residents. The s ta te  or the company could establish  a  health  and 

environm ent m onitoring system  because one of the d ifficu lties in th is issue is th a t the 

data are inadequate. Those prom oting the power line say th a t th e re  are no data  

indicating adverse health  e ffec ts  from the e lec trica l field, and the p ro testo rs  note tha t 

there  are no d a ta  to  prove th a t th e re  will be no health  problem or th a t i t  is safe  to  live 
there  with the  an tic ipated  level of exposure. In fa c t, the  da ta  are inconclusive. 

Therefcffe, another option would be to  m onitor health  and the environm ent with a 

com m itm ent to adjustm ent when accep tab le  thresholds are surpassed. Com binations 

may prove m ost workable. This lis t  does not purport to be exhaustive.

Now le t  us assume th a t the  line and the power plant have not been built, but th a t 

they are under consideration as a  proposal. This takes us down to  the next level of 

causality , the separation  of the population from the power plant site . The fuel supply 

re la ting  to  the plant has been located , but the plant itse lf has not been built. What are 

the choices? The choice used is to  transport the  energy from the  mine to  the consumer
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by converting i t  to e lec tric ity . A nother is to put the  plant a t the population end and to 

move the fuel supply via rail or pipeline. (In this particu lar instance, th a t was 

evaluated. The adverse e ffe c ts  from the  trains hauling coal were considered more 

damaging environm entally than the adverse e ffec ts  of the power line. However, the 
d ifficu lty  in analysis was th a t each approach would a ffe c t d ifferen t people. That kind 

of choice cannot be le f t  to professionals, a topic discussed in C hapter 1.)

Now le t's  take  one m ore s tep  and assume th a t th e re  is no power company in the 

p ic t’jre  a t this point. No proposal has been m ade. But th e re  is a p ro jected  demand. 

What are the choices? On the demand side, energy conservation; on the fuel supply 

side, a  sw itch to  another type of fuel or the  sam e fuel in another location.

Solutions to  the process aspect might involve an am endm ent to the em inent 

domain process so th a t i t  would be impossible to employ i t  until a f te r  all perm its have 

been received and all appeal periods to bodies such as the  Environm ental Quality Board 

a re  com pleted. A second m ight be to  allow the Environm ental Quality Board to  review 

need sta tem en ts  as a  check for the ir adequacy. T hat would be politically  d ifficu lt. The 

energy agency was established in the f irs t place to  cu t the Gordian knot of supply/de

mand and the environment and the  inability  to decide. More appropriate  might be a 
requirem ent for the energy agency to  justify  a supply-increase s tra teg y  as superior to 

the conservation s tra teg y  for granting a need s ta tem e n t. (In evaluating this a lte rna

tive , i t  would be found th a t there  is no agency w ith the au thority  to  im plem ent a 

dem and-reduction stra tegy .)

These a lte rnatives should be added to  Figure 2, as shown in Figure 3.

It would be im portan t to  have a com pensatory s tra teg y  to deal with this problem 

if in fa c t the sc ien tific  com m unity establishes th a t the inform ation is inconclusive. 

There is a tendency for proponents always to look a t the good side of da ta  and for 

opponents to  look a t the bad side. P olitical s tra teg ies  always have to  look a t the bad 

side.

Looking a t this exam ple, we can see th a t the am ount of tim e allowed to  make a 

decision or the ex ten t to  which the  p ro jec t is in place lim its how fundam ental one can 

be in seeking a solution. For a line already under construction, the f irs t line tow ard 

causality  is as far as one can go. For rem aining po ten tia l lines not ye t s ta r te d , one 

could go at le a s t to Level 2, and possibly to  Lev^el 3. The argum ent for going to 

fundam ental solutions th a t require long lead tim es and more pervasive support is that 

once se ttled , i t  should rem ain se ttled  for some tim e. When the solution is near a t hand, 

very proxim ate, i t  is bound to  rise again on the nex t line and the  line a f te r  th a t. Some
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FIGURE 3, ILLUSTRATION OF ALTERNATIVE STRATEGIES TO 3E INSERTED AT 

THIS POINT.
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would argue for operating this way, always a t the margin. It has the disadvantage of 

always looking the next task  in the face even though you may prevent i t  from becom ing 

a crisis. It has the benefit of making no m ajor m istakes. I t is m erely a m arginal sh ift 

from business as usual. It doesn't change the natiire of fundam ental relationships very 
m uch.

Finally, i t  is im portan t in this kind of analysis to stop a t some point and ask what 

is wrong with the presen t decision-m aking process th a t allowed this crisis to  em erge in 

the f irs t instance? Why is i t  a  problem? Solutions to the cu rren t problem trave l f irs t 

down the  substantive track . If the problem is to  be p revented  in the  fu tu re , the process 
track  also will be im portan t.

As an aid to determ ining whether po ten tia l solutions may have been missed, a 

simple check lis t is useful. Search for co rrec tive  (relocate  the  line) and preventive 

(reduce demand) solutions, for capital (bury the  line) and noncapital (health insurance) 

solutions, for solutions within the system  (the power line) and outside it  (haul fuel by 
rail).

A second set of cru tches or screens for generating  s tra teg ies  involves looking a t 

im pacts. Do any of the previous lists adversely a ffe c t given locations? Can one think 

of a lte rnatives th a t would not have th a t adverse a ffe c t on the poor or o ther special 

s tra ta  of society? A re th e re  solutions th a t would tend to balance those im pacts? Do 

the solutions have an adverse im pact on o ther secto rs or functions, and are  th e re  o ther 

solutions th a t would achieve the  sam e e ffe c t w ithout the adverse im pact?

These approaches do not cover how to  choose which schem e to  im plem ent. 

R ather, they identify  what s tra teg ies  may be appropria te  fo r study. From this one can 

move to the S&T com ponents of each s tra teg y  and the need for po ten tia l fu rther 
exploration of these  s tra teg ies .

Evaluating A lternatives. This will not be done for the exam ple. It may be 

unnecessary a t  Step 2 in the  process; it  will be necessary  in Step 8. T herefore, the 

focus a t this tim e is to  ensure a solid, m anageable grasp of the problem only.

It is im portan t to  in teg ra te  any of these s tra teg ies  with other decisions and to 

fu rther link out the solutions to  solutions of other leading problems. For example, 

moving the power plant location  closer into the population offers an opportunity to  tie 

in to  d is tric t heating or other means of handling the w aste hot w ater problem th a t power 

plants face. If the  lis t of a lte rnatives is too long and a cu t is necessary, the  following 

are  methods of shortening the list;
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You now have a problem s ta tem en t and a lis t  of a lte rnatives. The situational 

constra in ts  iden tified  in the public definition becom e a firs t screen and a firs t means of 

cu tting  the lis t.

The second screening Is to concen tra te  f irs t on those s tra teg ies  th a t b ite  a t the 

c o o t  cause level and work up the list classifying thein according to the cause/sym ptom  

chain, from m ost to  le a s t causal e ffec t.

Another way to  cut the lis t  would te s t  the effectiveness of each s tra teg y  through 

fu rth er quick analysis (see Figure 4). What is the  specific technique to  be used in 

im plem entation — a regulation, an item  in a cap ita l budget?

N ext, identify  w hether th e re  is an agency with the legal, technical, fiscal and 

political capacity  to  wield th a t technique. By political capacity  is m eant the political 

will to use the  technique. In evaluation, the  question is w hether pursuit of the 

technique is consistent with past actions of the agency, or w hether i t  goes counter to 

the ir norm al mode of operation. If the answer to  these four agency aspects is ”yes,’’ 

then i t  is known th a t the governm ent could do the task  if the public would allow it.

T herefore , the next step  is the ex ternal te s t  or the te s t  for reactions. If 
governm ent pushed, who would push back? Would th e re  be fiscal, environm ental, social 

or other objections to  using the technique in accord with the  s tra teg y  to  solve the 

problem? If one finds no objection in this te s t, then it  can be assumed th a t there  is 

governm ental capacity  to  execute  and th a t the  s tra teg y  will be publicly accep ted .

This leads to the th ird  and final te s t  — m easure pursuit of the technique against 

annual goal achievem ent as derived from the concerns in the problems s ta tem en t or 

from a specific  objective. This may be m easured in terras of percen tage  achievem ent, 

a co st-b en efit m easure, a cost-effec tiveness m easure, a social equity  m easure or 

w hatever m easurem ent is m ost appropriate  to  the  item  a t hand.

It should be noted th a t social problem s are  rarely  solved. R ath er, they  are 

resolved a t  d ifferen t points in tim e. The conflicting forces and values are  forged into 

compromises or bargains to  stand until such tim e as another review and another revision 

are pressed. As such, there  are  no right and wrong answers. The balance of individual 

rights versus societa l rights is struck  year a f te r  year, election a f te r  election, program 

a fte r  program . That is the nature  of much of the stick iest decision making by s ta te  and 

local officials. I t is for th a t reason th a t the incorporation of sc ien tific  and 

technological infcym ation is valuable, but not determ inative.

Identify  S&T Com ponents. A science advsor, an advisory group or the use of 
consultants would be useful in each of the th ree  major steps of definition, generating 
a lte rn a te  solutions, and evaluating a lte rnatives.



Figure 4 

Problem Analysis Worksheet

A problem s ta tem en t is developed, defined and substan tia ted  with te x t, s ta tis tic s  

and reasoning. It is then checked out in term s of the following points.

S trategy

Technique

Agency

Internal C onstraints

External C onstrain ts

Goals 

O bjectives 

P rio rity  Evaluation

Course of action  to  solve or am eliorate  the problem; 
lis t dll reasonable approaches, preventive and correc
tive, cap ita l and non-capital, in the sec to r of the 
problem and o ther sectors.

Specific regulation, budget or other legal means to 
e ffe c t the  s tra teg y  (may be incorporated in the devel
opm ent of a m anagem ent system ).

Specific ac to r or acto rs with au thority  to  employ the 
techniques.

FIRST TEST of problem sta tem en t. Agency capability . 
Legal, fiscal, technical or political constrain ts or 
executing the  s tra teg y .

SECOND TEST. F iscal, environm ental or social 
im pacts on other agencies or secto rs th a t may constrain  
execution of the s tra teg y .

Human benefits re la ted  to the problem.

Specific m easurable e ffec ts  of the s tra tegy .

THIRD TEST. Goal, achievem ent, social equity,
co st/b en efit, co st/effec tiveness, e tc .
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The S5cT components will be quite obvious, having reached this level of detail. 

Fts* exam ple, how and what should be m onitored to d e tec t unacceptable change in 

personal health  or the environm ent? What are the technology and cost of underground 

transm ission lines of this size? What are the known health  e ffec ts  of sustained 
exposure to such e lec trica l fields? What constitu tes sustained e j^osure? If adverse, 

are the  e ffec ts  perm anent or reversible? And so on, for each a lte rn a te  s tra tegy . I t is 
obvious from this sam pling th a t  the lis t  must be shortened along the line. If the budget 

is m oderate, th a t may come a f te r  the search of existing lite ra tu re  and before the  

research design for the g ran t application. If the budget is m odest, the cu t may have to  

come before the lite ra tu re  search . By doing this type of simple diagram m ing of a 

problem , the risk of not investigating  ce rta in  item s should be b e tte r  understood and a 

m ore inform ed decision could be m ade.

Concluding Observations

This process and the techniques can be as sim ple or as com plicated as one wishes 

to  m ake them . They can be used quickly to  sort out po ten tia ls  logically when a crisis 

occurs. They can be used w ith equal success when tim e and money are  no object and a 

lasting solution is im portan t.

We m ust recognize th a t devices based on logic, as the ones above are, have a 

dampening e ffe c t on c rea tiv ity , w hereas lack of a system  has the equal disadvantage of 

p o ten tia l aim less wanderings a c  quick coalescence on less than good or less than 

workable solutions. A balance is struck  if the  firs t work on problem refinem ent and 

bounding is done analytically  as shown, if the second s tep  on generating  a lte rnatives is 

done with a m ethod th a t induces brainstorm ing and c rea tiv ity , and if the th ird  s tep  of 
evaluation re tu rns once m ore to  rigorous analy tical technique.

A second observation is th a t  many of these problem -solving techniques were born 

in the p rivate sec to r, as we will see la te r . Many p riv a te -sec to r decision-m aking 

techniques place a premium on tim e, on ge tting  hands on a workable solution to  be put 

into e ffe c t and moving. In the  public sec to r where aE such considerations and issues of 

this im portance tend to be public knowledge and publicly debated, pressures are g re a te r  

to  take the best, ra th e r than the firs t, workable solution. Thus, the argum ent for 

techniques th a t are a l i t t le  b it more rigorous in logic, though not necessarily  exhaustive 
in research  method.

Finally, as will become obvious in the next chap ter, problem s a re  most d ifficu lt 

when the concerns identified  sort out in to  conflict betw een tw o in te re s t groups. In the
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case illu stra ted , the in te re s t groups in contention are  those which can actually  benefit 

from com pletion of the line — power com panies — and those which are not benefited  by 

the line — the people alongside who will not use the power. The additional in terests, 

particu larly  those who would consume the power and who are only indirectly  repre
sented by the power company, may vote som ewhere in betw een. They are  not p a rt of 

the decision-m aking process. Decisions would be easier if the  final concerns came down 

to  one type of man-made developm ent vs. another or even developm ent vs. environ

m ent, ra th e r than personal health  of one group (the farm ers) vs. keeping warm for 

another group (the urban dwellers). The research  s tra teg y  m ust be designed to re flec t 

the ex ten t to  which a  problem can be solved with technical da ta  or u ltim ate ly  m ust be 

resolved through political value judgm ents. That is discussed next.
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4. RESEARCH AND DECISION-MAKING STRATEGIES

Mel Webber has called the problems with which planners and policy m akers deal 
"wicked'’ problem s.* He defines them as problem s in which there  is no righ t or wrong 

answer and in  which value judgm ents play a  major role. In research processes these 

value judgm ents imply weights; they also n ecessita te  distinguishing fac ts  from  values.

R esearch on cross-cu tting  issues or those (previously discussed) th a t have signif

ican t sc ien tific  and technological components and im plications will alm ost always 

require high levels of value judgm ent. By th e ir  very nature , the research  and its results 

will be sub jected  to  the po litical decision-m aking process.

P o litica l decision-m aking processes and scien tific  research  processes are quite 

d ifferen t. Since a  la rge  number of issues confronting s ta te  and local governm ents today 

are complex policy questions, th e re  is often a need for scien tific  and/or technical 

knowledge in the decision-m aking process, especially when a  premium is placed on 

reaching ra tional, highly inform ed decisions. There is a g rea t in te re st today among 
federal, s ta te  and local governm ents in developing smd improving the in te rface  betw een 
the scien tific  com m unity and political decision m akers. (See the discussion in C hapter 

1 for fu rth er am plification.)

J . David R oessner, form erly  of NSF, in examining the application of S&T 

resources to  s ta te  and local governm ent problem s, s ta ted :

. . . fed era l policy should em phasize streng thened  analytic  and evalu
ative capabilities to  s ta te  and local governm ent ra th e r than  the  
developm ent and use of particu lar solutions . . , E ffective s tra teg ies  for 
strengthening  these capabilities should focus on those groups and 
ac tiv itie s  tow ard which s ta te  and local o fficials look for rew ards and 
cues for action, such as public in te re s t and clien tele  groups and 
inform al, collegial networks.

Irwin Feller, a professor a t Pennsylvania S ta te  U niversity and a  long-established scholar 
of the  in tergovernm ental science system , has made a sim ilar observation in his 

research:

. . . i t  is doubtful if federal agencies will be able to  successfully 
im plem ent uniform , widely applicable technology transfer or inform a
tion dissem ination program s. R ather, s tra teg ies  will likely have to  be 
p a rticu la ris tic , flexible and opportunistic. Federal programs and activ i
tie s  will have to  be based on detailed  "m arket research" and on theories 
of search  and adaptation , ra th e r than on applications of "classical" 
models of diffusion and technology tran sfe r processes. (Nelson and 
W inter 1974; Randor, Feller and Rogers 1978). M oreover, the doubts
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ra ised  as to  the feasib ility  of federally  conducted s tra teg ies  tend to 
enhance the re la tive  a ttrac tiv en ess  of s tra teg ies  o rien ted  tow ards 
"capacity  building".

The point of re la ting  the observations of these two respec ted  scholars is not to 

advocate a course of action for the federal governm ent in the a rea  of in te r

governm ental science, but to  identify  and re la te  the emphasis th a t is being aw arded to 

linking of sc ien tific  and technological inform ation to  s ta te  and local governm ent policy

making processes. This linkage is essential if the sc ien tific  com m unity and its 

resources and inform ation are going to play an in tegral p art in am eliorating the 

com plex m ultidisciplinary problems and issues th a t confront s ta te  and local governm ent 

policy m akers today.

The F it of S tra teg y  to  Resources — People, Money, Time

A s tra teg y  for research  and decision inaking must be explicitly  s ta ted  so th a t 

researchers and public decision makers can concur in the working relationsliip. In 

C hapter 3, a procedure was suggested th a t would ensure seeing the substance of the 
problem in the sam e way. C hapter 2 presen ted  a process of conducting the research 

once the problem was defined. This chap ter addresses two m ore components: (1) the 

in te rac tion  betw een the scien tis ts  and political decision m akers during the process of 

F igure 1, and (2) the decision-m aking model to  be used in arriving a t agreem ents in 

solving the problem.

Figure 5 displays a range of model decision-m aking processes from the standard  

classical ra tional model on the  le f t  to  normal decision making on the  right. The le ft 

side bends decision making to  a rigorous m ethod of logic; the righ t side bends technical 

input to  the needs of the bargainers in the process of decision making. The classic 

ra tional model is the norm al model taught in planning schools and used by many system s 

analysts and operations researchers; i t  is the  closest parallel to  the scien tific  method. 

In it , the sequence is to  establish goals, look a t all possible a lte rn a tiv es  for m eeting 

those goals, evaluate aU a lte rnatives, se lec t the best a lte rn ativ e  from the  se t and 

implemfflit th a t best a lte rn ativ e . Next to this is a form ulation called the  a lte rnative  

behaviOT or "bounded rationality" model put forw ard by H erbert Simon. This model is 

derived from  private  sec to r decision making. I t does not postu late  goals as the firs t 

step . R ather, it  backs off the classical model in two ways. It looks a t the problem and 

derives a workable a lte rnative , then sets aspirations—a so ft way of s ta tin g  goals — to 

be achieved by pursuing th a t a lte rn a tiv e . N ext, the a lte rnative  is evaluated  for its
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poten tia l. If it  does not m easure up to  aspirations, then another a lte rn a tiv e  may be 

sought, or the aspirations may be low ered. This is an in te rac tiv e  process, which stops 

when a sa tisfac to ry  a lte rn a tiv e  to  m eet accep tab le  aspirations has been found.

The next model is one put fo rth  by C harles Lindblom called successive lim ited  
comparison or disjointed increm entalism . Lindblom studied how public decisions are 

m ade, ra th e r than how they ought to  be m ade. He observed th a t they tend to  be 

m arginal adjustm ents from an existing situa tion  in the direction of an improved 

condition. Lindblom s ta te s  two main argum ents for this approach. F irs t, many public 

issues are divisive because of the ir value im plications. I t may not be possible to  obtain 

concurrence on goals or to  obtain it only jo in tly  with the means to  achieving it. Thus, 

Lindblom, like Simon, focuses on s tra teg ies  and in te rp re ts  a lte rnative  s tra teg ies  as to 

their value im plications. This system  of searching stops when an a lte rn a tiv e  with 

accep tab le  value im plications is chosen by the  group. The second argiument is to avoid 

the po ten tia l for g rea t m istakes th a t may resu lt from taking long-term  unproven steps 

into the d istan t fu tu re . Lindblom's process relies instead  on marginal adjustm ents th a t 

have worked in the past. I t fu rther prevents d isaster by allowing others to  negotia te  
partisan  m utual adjustm ents to  th is new changed condition.

In the next s tep  to the righ t, norm al po litical decision making occurs where there  
is lim ited  s tru c tu red  input.

Figure 5 indicates some of the ch arac te ris tic s  of various models — the tim e 

required to make a  decision, the inform ation costs and, th e re fo re , the analy tical cost of 

arriving a t a solution, the ex ten t to  which the process constitu tes an intrusion in exsting 

p rivate and public-sector descision-malcing processes and so on.

For exam ple, the tim e available for a solution with the resources th a t can be 

brought to bear may call f(x* a  sho rt-cycle , " tap  experts" s tra teg y  as indicated  in Figure 

1, using a  classical ra tional model. A lternatively , the sam e resources may be allocated  

to  a m id-cycle, " tap  the  lite ra tu re"  s tra teg y  using a less com prehensive Simonesque or 
Lindblomian model.

The F it of S tra teg ies  to the Value C ontent of the Problem

If the  issue is very value laden, then classical ra tional methods can deal with i t  

poorly a t best. When, as m entioned in the pow er-line case, the choice in the problem is 

betw een com peting value sets of two a ffec ted  population groups, classical rational 

aspects o c  analyses dealing with the th eo re tica l substantive aspects of the problem, 

ra th e r than the  "real" problem as perceived by the a ffec ted  parties, will come to  little .
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Figure 5 SPECTRUM OF MODEL DECISION-MAKING PROCESSES TO BE INSERTED 
HERE
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The research  and decision-m aking s tra teg y  m ust link the problem as perceived to  the 
more fundam ental problem as deduced from  analysis.

To more fuUy understand the im plications of defining such s tra teg ies , the re la tion  
betw een sc ien tific  and political approaches m ust be seen. We can categorize  science 
from hard to  soft, with hard science being physical, social science next and the so ftest 

being the policy sciences. Those in the physical sciences tend to  equate th e ir field with 

the  term  science. To them , sociology, political science and the so fte r sciences are not 

science but social sciences requiring the clarifying adjective. Many would also deny 

th a t th e re  is such a thing as policy science. But we cannot ignore the  fa c t th a t there  

are  an increasing number of academ icians and professionals who are  pursuing the study 
of policy making and im plem entation using sc ien tific  m ethods. In o ther words, they are 

establishing te s tab le  hypotheses and proceeding to  se t up te s ts  to prove or disprove 

those hypotheses.

The reason fca: calling these  hard to  so ft is th a t the physical sciences have more 

solid laws and principles based on known eause-and-effect relationships. T hat solidity 

of cause and e ffe c t diminishes as one moves from the physical sciences through the 

social sciences to the policy sciences. On the o ther hand, the policy sciences are more 

a ttuned  to  the political process, the making of trade-o ffs  and value judgm ents. Social 

science is next m ost sensitive to  the  ways of political decision making and the physical 
sciences leas t.

That leads to a se t of cautions for system  design or for system  users. If the 

problem definition or solution is likely to  require a high degree of value judgm ent, one 

can expect increasing d ifficu lties with the sc ien tists  as one moves from the policy 

sciences to  the physical sciences. The processes of partic ipa tion  by the  sc ien tis t, 

re leases of results and sim ilar m atte rs  should be designed w ith m ore care.

R esearch  is likely to be d ifficu lt to  m anage when the  m ost appropriate  research 

s tra teg y  is the le f t  side of the model and the m ost appropriate  decision-m aking s tra teg y  

is the rig h t side. T hat is the  reason for looking a t  s tra teg y  a t this point — to  ascerta in  

how the tw o will be linked toge ther. It is unlikely th a t any p ro jec t will be developed for 

federal funding through th is mechanism th a t is a t e ith e r end of the scale. If the 

problem is a t the ex trem e le f t  end, and the solution is essentially  a technical one, the 
politicians are unlikely to be involved. On the o ther hand, if the solution is a t the 

ex trem e righ t end and involves v irtually  no input of sc ien tific  and technical infor

m ation, it will not be the basis for a g ran t request. T herefore , the  m ajority  of problems 

using federal R<5cD funds a re  likely to  fa ll in betw een. They will be problem s requiring 
in tu itive  analysis as weU as m ore ra tional analyses.
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The ex ten t to which value judgm ents are im portan t determ ines the points and 

nature of in te raction  betw een the  research process and the po litical decision-making 

process. This is illu stra ted  in F igure 8. For example, if the item  is not a pressing 
crisis, it  can be investigated  through a  research  p ro ject. And if the ans wer is not highly 
em otional, i t  is unlikely to be divisive. The process, then could involve minimum 

in te rac tion  with the decisiorem aking s tra teg y , touching base only a t the point of 

problem definition, redefin ition  and recom m endation in steps 2, 6, and 9 of Figure 1. 

On the  o ther hand, if there  is a high degree of value judgm ent involved in the  issue, and 

technical inform ation is essential but not de term initive , then a high level of in teraction  

would occur betw een both parallel s tream s a t all points throughout the work.
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FIGURE 6 RELATION OF RESEARCH PROCESS TO DECKION-MAKING PROCESSES 

TO BE INSERTED AT THIS POINT.
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R elating  R esearch  to  Im plem etitation

It is likely th a t all these research  projects will be oriented tow ard im plem ented 

solutions ra th e r than academ ic ones. T herefore, i t  is im portan t th a t the  im plem enta
tion of s tep  10 (see Figure 1) be p a rt of the discussion no la te r  than  step  6 and desirably 
in step  2. This means both who will be involved and the s tra teg y  for the im plem enta

tion. That is, how will the im plem enters be involved w ith the research  e ffo rt, and how 

will the various in te re sts  be involved and kep t inform ed in the course of decision 

making. One obvious guideline is th a t as the clash betw een in te re sts  increases, as in 

the power line illustra tion , the more im portan t i t  is th a t the various in te re sts  have 

access to  findings as they occur.

The mechanism described in  this Handbook for employing federa l research  and 

developm ent funds a t the  s ta te  and local levels to  solve problems of m utual concern is 

p a rt of a  larger fram ew ork for employing sc ien tific  and technical inform ation. Figure 7 

illu stra tes  th is  la rg er fram ew ork and the re la tion  of several cu rren t endeavors.

This Handbook is concerned w ith the th ree  components of problem solving 

(Identification, D efinition and Solution) as they  re la te  to new research  employing 

support from  federal R&D and S&T resources.

F igure 7 illu s tra tes  th ree  approaches to problem solving. Tapping the knowledge 

of experts  may lead  to  the lite ra tu re  search  and th a t in turn  to new research . Also, a 

l i te ra tu re  search (particu larly  tapping the cu rren t Smithsonian Science Inform ation 

Exchange) m ay lead  to candidates fo r a panel of experts. Each approach, however, 

involves the components of the Iden tification , D efinition and Solution.

The ISETAP program is addressing problem definition. The SSET program is 

intended to  build s ta te  and local capac ity  to undertake all th ree  com ponents of problem 

solving employing any of the th ree  approaches as appropriate.
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Figure 7

Three Approaches to Problem Solving

To solve problem s involving scien tific  and technical considerations, an agency 

may use one or more of th ree  approaches.

TAP EXPERT’S 
KNOWLEDGE or

2. SEARCH 3. UNDERTAKE
EXISTING NEW RESEARCH
LITERATURE or

to do this it may.

a. employ s ta ff
b. employ consultants
c. se t up a com m ittee
d. conduct an AISLE 

type sem inar
e. e tc .

a. standard  lib rary  
search

b. NTIS search
c. SSIE research
d. the subject of 

the next chap ter

a. The subject of 
this Handbook

In se ttin g  up the work under any of the above approaches, problem solving involves th ree  
com ponents, as follows; Identification, D efinition and Solution
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5. HOW TO IDENTIFY EXISTING KNOWLEDGE OR ONGOING SCIENTIFIC RESEARCH

In this chap ter, we want to identify  methods for conducting ce rta in  kinds of 
m anual and au tom ated  searches of various data bases dealing with scien tific  research  

and developm ent. A fte r describing those m ethods, we shall have a few things to say 

about the con tex t in which such searches are conducted.

We have devised methods a t several levels of sophistication and we shall take 

these up one a t a  tim e, beginning with the  le as t com plicated

The firs t m ethod is a manual search system .

Manual Search

The m anual system  involves use of the C a ta lc^  as se t fo rth  in P a rt III of this 
Handbook.

Use of the R&D C atalog . In this manual system , the C atalog 's key word index and 

program finder can be used to  quickly lo ca te  fed era l program s which may o ffer various 
kinds of support to  local and s ta te  governm ents having complex and cross-cu tting  

problems with sc ien tific  and technical com ponents.

The key word lis t is composed of 11 broad categories, each of which has been 

subdivided in to  a series of functional topics or ac tiv ities. The list of categories and 

subdivisions has evolved from  s ta te  and local governm ent s ta tem en ts  of problem s and 

needs currently  being developed by the N ational C onference of S ta te  Legislatures and 
ISETAP.

For each of the 150 subdivisions of the key words , the program finder index lists  

those federal program s (if any) th a t can possibly o ffer support. This support may come 

under one or m ore of the foEowing categories:

o T ransfer of funds to  perform  research  and developm ent activ ities;

o T ransfer of program funds w ith po ten tia l for research  and developm ent support;

0 T ransfer of sc ien tific  and technological capability; and

o R edirection  or adapation of federal R&D and S&T activ ities.

To access appropriate  federal program s contained in the catalog, identify  what 

you consider to  be the m ost im portan t words to describe the problem area under 

consideration. N ext, se lec t the key word(s) and subdivision(s) which m ost clearly
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re la te  to your descriptive words then tu rn  to  the program  finder to determ ine w hether 

or not any federal program s exist which m ight offer help.

When the program s have been identified , tu rn  to the body of the C atalog itse lf 

and review the inform ation provided for each of the federal program s to determ ine 
which poten tia lly  o ffer support in any of the four categories m entioned above.

In alm ost all cases, the key word index and program finder will allow s ta te  and 

local governm ent officials and s ta ff  members to quickly identify  those federal S&T- 

re la ted  program s contained in the cata log  which may be of help. In a certa in  number of 

instances, however, s ta te  or local governm ent personnel will not be able to  f it  th e ir 

problem into  one of the ac tiv ity  areas. Or, i t  may be necessary  to  identify  ongoing and 

recen tly  com pleted s ta te -o f - th e -a r t sc ien tific  research  re la ted  to  the problem or issue 

a t hand. In these instances, a  l i te ra tu re  search, w hether manual or autom ated, will be 
necessary.

If the key word or topical subdivision has been identified , i t  can be used as a  point 

of departu re  fo r s ta te -o f- th e -a r t research . In this way, the key word index can be used 

to  build a bridge betw een appropriate  federal S<3cT-related assistance program s 

contained in the  P a rt IE catalog  and existing knowledge and ongoing research  pertain ing 
to the issue. In situations where a m atch cannot be made betw een a problem or issue 

and the  C atalog 's key work index, use of the  SSIE Subject Term s and Synonyms lis t as a 

s ta rtin g  point for a s ta te -o f - th e -a r t l i te ra tu re  search. S ta te -o f- th e -a r t research  is 

dealt with under SSIE Custom Search below.

Absence of Aids to  Manual L ite ra tu re  Search. This Handbook does not provide 

any aids to the conduct of a m anual search of the lite ra tu re . While we believe th a t 

manusil searches to identify  existing know let^e and ongoing research  can be 

appropria te , we know of no way to  conduct such searches which does not depend on the 

skill, training, e^q>erience and m otivation of the person perform ing the search.

There is no ready way of providing s ta te  and local governm ent with such persons. 

Training by itse lf will not m eet the  needs these governm ents m ight have.

If such searches are  needed, the  s ta te  and local governm ents wiU e ither need to  

use consultan t organizations which provide these  services for a fee , or the governm ents 

will have to hire and tra in  s ta ff  persons.

Where existing governm ent s ta ff  members are experienced in these kinds of 

searches, we beEeve such searches wiU be useful and im portan t, e ith e r in lieu of 
au tom ated  searches or as a supplem ent to  them .
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A utom ated Methods

In order to identify  existing knowledge and ongoing research  about the scien tific  

and technical components of complex and cross-cutting  problem s, we are proposing 
th a t s ta te  and local governm ents make <jse of some existing inform ation system s.

We believe th a t the f irs t inform ation system  which s ta te  and local governm ents 

should consider using is the Smithsonian Scien tific  Inform ation Exchange. For users 

who have only infrequent need for inform ation re trieva l, we recom m end the use of 

SSlE's Custom Searches.

SSIE Custom Search. An SSIE Custom Search is conducted by SSlE's inform ation 

sc ien tists  on the basis of an individual request from a user. The subjects to  be searched 

for can be broad or narrow. In addition to  subject c rite ria , the search can be conducted 

for adm inistrative c rite r ia  (i.e., individual researchers, particu lar organizations, depart

ments or geographic areas). The search  results a re  review ed by the SSIE inform ation 

sc ien tis t, and if fu ther guidance is needed for the user, the  SSIE sc ien tis t will call the 

user on the phone to  obtain it .

The SSIE Custom Search is made in the SSIE data  base, which contains notices of 

research p ro jec ts fo r the m ost recen t two years. These notices (called NRPs) are 
provided by more than 1,300 federal, s ta te  and other agencies in the U nited S ta tes . At 

p resen t, the data base contains m ore than  200,000 such NRPs. The NRPs describe 

ongoing research  projects.

SSIE can also search its  historical files back an additional five years (a to ta l of 

seven years for the  two data  bases) and can search  the  N ational Technical Inform ation 

Service (NTIS) files as well (for a som ew hat higher fee).

Advantages of the SSIE Custom Search. The SSIE Custom Search provides a 

means by which any s ta te  or local governm ent can obtain a sophisticated  search  for 

ongoing research  and for reports  of federal research  com pleted. The fee  for this 

service will generally be less than $100.

The search will require only th a t the user be able to  s ta te  w hat the problem is. 
The SSIE inform ation sc ien tis t will se lec t the appropriate h ierarchical subject term s. 

Where there  are problems in selecting  these  term s, the user can confer d irectly  with 

the SSIE inform ation sc ien tis t to assure th a t accep tab le  terras are used.

The user requires knowledge of the hardw are or softw are needed for the search 

process. No special train ing of the user is required. The only equipm ent required  is a 

telephone to ta lk  to  SSIE (although m ail requests will also be honore d).
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The search can be conducted on a sam e-day basis (for an additional fee), and for a 

slight ex tra  cost the  results can be m ailed within 24 hours. Users who have access to a 

com puter term inal th a t can be coupled with a telephone can have the results of the 
search prin ted  out a t their own locations.

Searches can be updated w ith new m ateria l on a periodic basis if the user desires 

this service.

If the user wishes, he or she can suggest th a t the search  begin by using one or 

more of the  topics contained in the key word index in the P a rt III cata log  to  access to  

inform ation. Or, the  SSIE Subject Term s and Synonyms lis t can be used to  identify 

appropriate term s for use in a search.

The SSIE lis t is a h ierarch ical listing  of some 40,000 subject term s and an 

additional 50,000 synonyms or subordinate term s, all in a single a lphabetical sequence. 

These term s are all subordinate to  several hundred major sub ject index categories used 

by the  Smithsonian Science Inform ation Exchange.

The SSIE Subject Term s and Synonyms lis t is available in the form of a th ree- 
volume com puter prin tout from the  Sm ithsonian Science Inform ation Exchange, Inc. for 
about $50.00. (SSlE’s address is; 1730 M S tree t, N.W., Room 300, Washington, D.C. 

20036. Telephone is; 202/381-4211.)

To use the h ierarchical sub ject te rm s lis t, identify what you consider to be the 

m ost im portan t words to describe the problem area under consideration (the compo

nents of the com plex and cross-cu tting  policy problem).

With these words, en ter the h ierarchical subject term s lis t. The lis t is prin ted  in 

such a fashion th a t as soon as a word is found in the lis t you are  led im m ediately  to  the 

m ajor subject index category  under which it is classified (e.g., if you look up "w ater 

reuse", you are  led  im m ediately to  the major subject index category  of "w ater 
resources").

The major subject index catego ry  can be used as a s ta r tin g  point for research  by 
the SSIE inform ation scien tists.

SSIE and O ther D ata  Bases On-Line. For searching the existing scien tific  
li te ra tu re , s ta te  and local governm ents may wish to  make use of the  existing data bases 
which contain  re ferences to such lite ra tu re .

There are m ore than 300 such d a ta  bases in existence in the U nited S ta tes  a t the 

present tim e. Many allow users to  conduct searches on-line. The data  bases often
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contain 10 years or m ore of references to  particu la r journals, and hundreds (probably 
thousands) of journals, reports and other docum ent serials are now contained in the 

existing data bases.

We have reason to believe th a t p rivate  firm s are  prepared to offer custom on-line 
searches of these data bases to  s ta te  and local governm ent clients. O therw ise, it  will 

be necessary for users to learn  how to  conduct the searches them selves. Since i t  is 

estim ated  th a t nearly 1.7 million such searches were conducted in the U.S. la st year, 

the expertise  necessary to  supply the service to  s ta te  and local governm ents should be 

readily available.

T en ta tive ly , i t  is recom m ended th a t governm ents consider the Lockheed Inform a

tion System (LIS) and the System D evelopm ent C orporation (SDC) services because they 

are the most com prehensive in term s of da ta-base  size and journal coverage. For some 

p articu lar problem s, o ther data bases may be of special in te rest. These data bases 

might be identified  by a  search of any one of several standard refe rences on the 

existing data bases.

The Am erican Society for Inform ation Science has published a com prehensive 

d irecto ry  of available data bases en titled  C om puter-R eadable Bibliographic D ata  Bases 
— A D irectory  and D ata  Sourcebook. This d irectory , prepared by M artha E. Williams 

and Sandra H. Rouse of the  Inform ation R etriev al R esearch L aboratory  of the 

Coordinated Science L aboratory  a t  the U niversity of Illinois, should be available for use 

a t most university libraries.

High Volume or Sophisticated Users

For s ta te  and local governm ents which need frequent searches or which are 

already sophisticated , i t  seem s th a t in sta lla tion  of appropriate  term inals would be cost- 

e ffec tiv e . By means of such term inals, the  governm ent could gain access to the 

existing data  bases, conduct the ir own searches and receive prin touts of the  research  
resu lts.

Such an insta llation  would require s ta rt-u p  costs for hardw are acquisition, 

personnel Mring or train ing, and perhaps re la ted  fac ility  acquisitions. There would also 

be charges for use of the da ta  base and netw ork charges (to  such firm s as Tym share or 
Telenet).

While there  may be many situations where such costs could be justified , i t  is 

recom m ended th a t governm ents go slowly in moving to  such a p a tte rn  of use. Such
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installations should be c rea ted  only when it is c lear th a t they are  needed and th a t they 

will be cost e ffec tive .

C urren t A wareness Searches

A number of inform ation searching and re triev a l organizations provide reports  on 

a wide variety  of topics in the area  of scien tific  and technological inform ation. These 

reports are done on topics of cu rren t in te re s t and are  updated periodically, usually 
several tim es a year.

If the topical searches available in this form a re  in areas of in te re st to  problem 

solvers, then these packages can be an inexpensive way to gain an idea of the  la te s t 

work being done. They co n stitu te , to some ex ten t, a  substitu te  for custom searches 
done e ither in-house or by some service organization.

The United S ta te s  D epartm ent of C om m erce's N ational Technical Inform ation 

Service is working tow ard the  developm ent of such search packages in areas it believes 

will be particu larly  re levan t to  the concerns of s ta te  and local governm ents.

Using the Results of the  Search

The results of the search  e ffo rt will usually be sum m aries of ongoing or com pleted 

research  work. The sum m aries will provide brief inform ation on who is doing what 

work, where it 's  being done and what results, if any, have been achieved. D etails about 

the work wiU be missing. Although these sum m aries will probably provide enough 

inform ation to  elim inate some projects from fu rther consideration they are unlikely to 

contain enough detail to perm it making good judgm ents about what has been achieved 

by projects th a t look in teresting .

To do the  kind of carefu l study th a t o ften  will be required, i t  will be necessary to  

obtain copies of the original books, journals and papers to  which the sum m aries re fe r, or 

i t  may be necessary  to  co n tac t the researchers who are  doing or have done the work 

described in the  reports. This foUow-up will usually take  some tim e.

If there  are major research  institu tions nearby, i t  may be possible to  work 
through them to obtain copies of needed prin ted  m ateria ls. Phoning the investigators 

who did the work will o ften  be the most e ffec tiv e  way to  find out w hether th e ir e ffo rts  

have any relevance to  the problem which prom pted the  search  e ffo rt. Such calls may 

also be used to obtain copies of hard-to-find  docum ents. Where tim e is c ritica l, the 

telephone may be the  only way to  obtain inform ation tim ely enough to be of use; in such
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cases, the cost involved in its  use may be triv ia l com pared to  the costs of maidng the 

wrong decisions or pushing unfruitfu l lines of thinking.

In te rp re ta tion

U nderstanding the scien tific  and technical lite ra tu re  and in te rp re ting  its  meaning 

for a particu lar complex and cross-cutting  problem seem s to p resen t special difficul

ties. We believe th a t i t  would be wise for s ta te  and local governm ents to make use of 

suitable and carefu lly  se lec ted  scien tis ts , engineers and other technically  qualified 

persons to  assist in making these  kinds of judgm ents.

Such persons may already be part of th e  s ta ff  on the agencies try ing to  solve the 

problem . If they are  not, arrangem ents should be made to obtain the ir help for as long 

as they may be needed. If they are carefu lly  chosen, i t  should be possible to rely  on 

th e ir advice with some confidence.

I t is neither p rac tica l nor appropriate to  describe here the kinds of processes such 

persons should go through in evaluating the  ’’s ta te  of the a r t” in a given research  and 

developm ent area , but i t  should be em phasized th a t making such in te rp re ta tions 

requires skills and experience of a  very high order.

The costs of obtaining sound advice in making such in te rp re ta tions will be more 

than  justified  by the  results.
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6. MANAGING MULTIDISCIPLINARY RESEARCH

This topic is a complex one, which cannot be tre a ted  adequately  within the space 
available. To do any ju stice  to  it , a series of re la ted  topics m ust be excluded a t the 
ou tset.

F irs t we shall not a tte m p t to  describe how to  conduct research w ithin a discipline. 

We assume th a t social and natu ra l sc ien tists  are tra ined  to  do research  and th a t no 

fu rth er guidance need be o ffered .

Second, we do not propose to  o ffer any general guidance here on how to  conduct 

research  in the broadest sense of th a t word. We presum e th a t in the course of training 

and experience in the ir disciplines, those who may become p art of a m ultidisciplinary 

team  have received  training in the  general process of research .

Third, we will not discuss the general process of managing research , even though 

much less useful inform ation available on this topic than on the  two ju st mentioned. 

L a te r on, we suggest th a t the m ost useful way to  ensure good research  m anagem ent is 
to  secure  the  services of a  good and experienced research  d irecto r.

What we will take up in this chap ter are the fea tu res  of managing multi

disciplinary research  which we fee l are  specific  to  m ultidisciplinary research  — th a t is, 

those fea tu res  which will not be found a t  all, or will be of lesser im portance in the 

m anagem ent of disciplinary research . M ultidisciplinary research  is d ifferen t from 

disciplinary research , and m anag ii^  i t  e ffectively  requires some special skills and 

insights.

D efinitions

Because of the d iversity  of xneanings a ttach ed  to  words like "m ultidisciplinary" 

and "interdisciplinary," i t  wiU be useful to define these term s. For the purposes of this 

Handbook, a  "discipline" is a  ra th e r d istinc t body of knowledge. Persons working in a 

discipline also receive a d is tinc t background of train ing and experience. Biology, 

sociology, biochem istry, in ternal m edicine, astrophysics and sim ilar fields might all be 

considered disciplines within our m eaning of the  term .

We will use the te rm s "m ultidisciplinary" and "interdisciplinary" interchangeably. 

For e ith e r word, as applied to  research , we assume th a t the  research  is carried  out by
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pereons drawn from two or more disciplines and th a t each person so drawn is 

functioning in a ro le appropriate  to  Iiis or her discipline's background and training.

In what is to  follow, we shall usually assume th a t an in terdiscip linary  team  of 
researchers is involved. The team  will be m ost useful if it  is located  in one place and 
works together on a p ro ject. N evertheless, the advice offered  would apply to  such a 

team  even if its members were sca tte re d  or m et only infrequently .

F ea tu res  of M ultidisciplinary R esearch

Enum erated below a re  som e of the fea tia ’es which ch arac te rize  in terdisciplinary 

or m iltidisciplinary research , distinguishing i t  from research  within a  single discipline or 

as d ifferen t from  group research  in which the disciplines are all identical or nearly so.

F irs t, m ultidisciplinary research  brings together individuals with often  quite 

d ifferen t conceptual system s. T hat is, the members of the team  may see the world 

from d ifferen t perspectives and may understand events from d ifferen t points of view. 

This is one of the g rea t values of m ultidiciplinary research . A sociologist and a 

physician, fo r exam ple, a re  likely to  see public health  from two d ifferen t points of 

view; th a t is what we are  looking for in taking a  m ultidisciplinary approach to  public 
health.

M ultidisciplinary research  brings together persons whose in te rests  (often some

what ap art from even the ir disciplines) are d ifferen t. For exam ple, engineers and 

physicists wiU probably be in te re s ted  in construction or in m achinery from som ewhat 

d ifferen t points of view. Some d ifferences betw een the disciplines go to  the affective, 

em otional and like levels of behavica*. An ecologist o ften  will feel d ifferen tly  about an 

environm ental situation than wiU a  psychologist or an engineer. As problems are chosen 

fca* study, d ifferen t disciplines will look on them with varying in te rests  and feelings. 

O ften  these in te rests  will condition the  willingness (and certa in ly  the eagerness) of 

various team  members to work on a problem. M anagers should be aw are of this and 
tak e  i t  in to  account in th e ir planning.

Some of the disciplines which may be brought together in a team  7\nll be 

com petitors on most occasions, o ften  fo r scarce  resources (such as research  funding). 

This means th a t som ething like adversary relationships may be se t up even before the 
team  is put together.

Both the disciplines and the individuals who p rac tice  them  will come to  the team  

with d ifferences in sta tu s. A psych ia trist, for exam ple, will generally be accorded a
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higher sta tu s than a  psychologist because of train ing, income and the  kind of se ttin g  in 

which each works. M olecular biologists these days are probably accorded higher s ta tu s  

than  are taxonom ists. These d ifferences in sta tu s  wiU influence the  function of the 

team  and of its individual m em bers (even though they should be irrelevant).

The persons on the team  will each bring with them the ir own stereo types, ideas 

and expectations about each other's disciplines. G etting  through these  may take some 

doing and inay in te rfe re  with the  functioning of the team , a t le a s t in its early work. 

This means, as we shall suggest la te r , th a t it  is im portan t to  try  to  get through these 

preconceptions as sm oothly as possible. I t is im portan t to  rea lize  th a t some of these 

ideas come from the kind of train ing  and experience th a t is p a rt of the discipline. The 

very conduct of research  itse lf breeds these ideas and the feelings th a t go along with 

them . Chem ists and physical chem ists m ust som etim es wonder a t the kinds of problem s 

which biologists undertake to  study; biologists and psychologists probably look a t 

problem s of behavior through d ifferen t eyes. These differences lead  to  stereo types 

about both the disciplines and those who p rac tice  them . In m anaging a group of 

researchers who may have such stereo types, in designing a common approach to  a 
resea rch  problem, d ifficu lties are  alm ost inevitable.

There will be substantive d ifferences betw een the disciplines in methodology, 

approach to  m ethods of conducting research , means of analyzing data , publication of 

resu lts, and in  o ther areas. These d ifferences will be ones in which the disciplines have 

a considerable stake and about which compromise will be d ifficu lt or impossible to  

obtain . In some cases, these  d ifferences will require th a t  the  disciplines proceed along 

th e ir own lines, with only the  results of th e ir work being com m unicated to  the group. It 

will be im portan t to  define these kinds of d ifferences during research  design and to  

account for them in the planning and execution of the  p ro ject.

A t some place betw een the em otional and a ffec tiv e  and p rac tica l and operational 

will be the a rea  of the philosophical and ideological. The disciplines wiU probably d iffer 
in  these  areas, too. Evolution is in te resting  to  a  sociologist, but to  a g enetic is t or a 

taxonom ist i t  is an essential and cen tra l way of looking a t all living things and how they 

in te ra c t. Freudian p sy c h o lc ^  may be of no in te re s t a t all to  an engineer, but may be a 

dom inant fa c to r  in the  understanding of a psychiatrist. These kinds of d ifferences mean 

th a t in daily conversation, in the give and take of group m eetings, and quite  possibly in 

serious decision making, the  team  m em bers will come a t  things in fundam entally  

d ifferen t ways. While this is one of the reasons for doing in terdisciplinary  work, i t  is 

also a cause of d ifficu lty  in its execution.
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Each of the disciplines will probably have its  own ra th e r specialized vocabularies 

and definitions. This will f irs t m ean th a t a good deal of " translating" will have to  take 

place. (We will re tu rn  to  th is subject la te r.)  It also means th a t In some cases the same 
words will be used with quite d iffe ren t meanings or connotations. The team  members 
will have to  be aw are of this constan tly  and allow for i t  in th e ir com m unications.

To some ex ten t, we can sum m arize this lis t by saying th a t in terdisciplinary  or 

m ultidisciplinary research  is really  a kind of cross-cultural experience. The p rac tice  of 

a  good many disciplines (especially of research  in the disciplines) places an individual in 

a very special cu ltu re  w ith custom s, norms of behavior and ways of thinking th a t are 

quite d iffe ren t from those of society  as a whole.

This needs to be kept upperm ost in the mind when thinking about m anagem ent of 

team s of researchers on a  m ultidisciplinary research project.

Design of Interdiscip linary  R esearch  P ro jects

The f ir s t  question th a t should probably be asked is w hether in terdiscip linary  team  

research  is really  required  to  solve the problem. R esearch by an individual, or research 

conducted by a group of workers from within a single discipline or a fa irly  homogeneous 

group of disciplines, will be much easier to conduct. Another a lte rn a tiv e  would be to  

find a single individual, or a few individuals, who are  them selves tra ined  and 

experienced in more than a single discipline. I t might be possible to cu t the problem up 

in to  p ieces, so th a t each of the individual disciplines could work in com parative 

isolation from the  others during the  research and only combine in presenting their 

results.

If i t  is necessary to  use in terd iscip linary  (m ultidisciplinary) team  research , the 

in terdiscip linary  aspects of the research  must be carefully  weighed against the single 

disciplinary aspects a t the ou tset. In m ost p ro jects where a team  is needed, there  will 

be portions of the problem which can and should be a ttack ed  entirely  by individuals 

from  a single discipline.

Because of this need to  balance single-discipline and m ultidisciplinary research 

in te re s ts , one approach to  the  design process may be to  involve the various disciplines 

chiefly  during the in itia l design phase and then la te r  during the process of in terpreting  

the  results of the research e ffo rt. In betw een these tim es, the work should be done by 

persons in single disciplines and by a m ultidisciplinary team  where th a t was required.
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To obtain the proper balance of in te rests , it  m ight be appropriate to  gather 

persons from the needed disciplines, explain the problem to them , le t each of them 

design his or her own approach to  the problem , and then get them together to  critique 
one another's work and come to  some agreem ent on w hatever joint work is necessary. 
This might have the advantage of minimizing the  in terdisciplinary  work required  as weU 

as insuring th a t w hatever teain research  was needed had been done with the advice of 

the persons to be involved in it.

There will be som e kinds of problems where a team  will defin itely  be required. 

Perhaps the  most compelling exam ple of th is would be a case in which sim ultaneo’js 

work needs to  be done (e.g., a  single event m ust be observed sim ultaneously by persons 
from several disciplines).

Som etim es i t  is argued th a t team s can provide m ore effic ien t resu lts. This is true 

only if tw o persons working together can produce a resu lt more e ffic ien tly  than could 

the sam e tw o working individually. Because of the problems with team  research , team s 
are often  less e ffic ien t than  are individuals. This should be borne in mind.

Where an in terd iscip linary  team  e ffo rt is c learly  indicated, the  means for 

effic ien t design m ust be employed to provide for the  most e ffec tiv e  jo in t e ffo rts .

Since each pro ject will p resent d ifferen t problems, i t  is not possible to  give much 

useful advice on the  specifics of p ro ject design beyond these points.

Com position of M ultidisciplinary R esearch Team s

Closely re la ted  to  the question of the design of the  research  p ro jec t, indeed 

inseparable from i t ,  is the decision about which disciplines will be required to  take part.

The team  should be kept as sm all as possible and the number of d ifferen t 

disciplines involved should be kept to a minimum, in order to minim ize the problems of 

organization and execution of the  research .

W herever possible, the  disciplines se lec ted  should be com patible a t a  theo re tica l 

level. T hat is, they  should be ones th a t can be expected  to  work together in harmony, 

a t le a s t a t the level of overall philosophy, theory  smd approach. Some disciplines are 

probably more com patible with one another than are  others. Physical sc ien tists  are 

accustom ed to  working toge ther on problems; they a re  only som ewhat less accustom ed 

to working w ith life  scien tis ts .
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The tim e a t which decisions about team  com position are made is im portan t. It is 

im portan t th a t disciplines which are brought in should have an im portan t role to  play in 

the p ro ject. Selecting disciplines "so th a t everybody is represented" is both operation
ally and th eo re tica lly  unwise. I t is -also unwise to  be put in the position of having to add 
disciplines midway through the p ro ject "because we didn't rea lize  how im portant" they

would be.

T here are  two ex trem e positions which can be taken w ith regard  to the selection  

process and the a tten d an t planning of the  research  p ro ject. The firs t would be to  select 

all the disciplines to be involved a t the o u tse t, and involve them  in the en tire  planning 

process. A t the opposite pole is the  idea th a t a p ro jec t should be entirely  planned 

before the various disciplines a re  involved.

If the disciplines are  se lec ted  f ir s t  and involved in the planning, i t  is likely th a t 

the  problem itse lf will be fo rm ulated  in broad and com prehensive term s, and th a t the 

concerns of each of the individual disciplines will be well represen ted . This joint 

planning may also resu lt in agreem ent on the p ro jec t from the beginning and provide for 

b e tte r  com m unication throughout the life  of the project. On the  o ther hand, th is joint 

planning may not resu lt in consensus (often a pseudo consensus is achieved th a t is worse 
than none a t all), the indi An duals involved may inhibit one another's thinking, and the 

plans may be worse than if they  had been c rea ted  by a single individual.

If, on the o ther hand, the p ro jec t design is form ulated firs t, i t  may be easier to  

rec ru it team  m em bers (since they  will know what they are g e tting  into), and those who 

do jo in  the p ro jec t will have d e a r  expectations of what th e ir roles and functions will 

be. The disadvantages of such an approach are th a t such a design may lack 

com prehensiveness and in trinsically  may not be in terdisciplinary. R esearchers brought 

in la te r  may be lim ited  to correcting  the  m istakes of the  original design and may be 

unable to  com pensate for basic flaws in the p ro jec t conception.

I t  may be possible to  combine the  best of both approaches by haAhng a single 

person design the p ro jec t and having the  design review ed by experts from each of the 

disciplines to  be involved (and perhaps from others th a t might be relevant). A fte r this 

is done, the ac tua l team  m em bers would then be recru ited  and the design put in final 
form .

Whichever approach is used, i t  is im portan t th a t the d irec to r of the pro ject (and 

perhaps key team  m embers) be involved in the p ro jec t from the design phase onward.
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Selection of Individuals for the  Team

Deciding who will be on a team  is as im portan t to  the success of the p ro ject as 
selecting  the disciplines to  be involved. O ften  the selection  of the team  m em bers is 
even more im portan t

In this section  we shall discuss the general charac te ris tic s  of any team  m em ber. 

These considerations will apply especially to  the  team  leader or p ro jec t d irec to r. We 

shall have additional things to  say about the d irec to r in the next section.

F irs t, i t  goes w ithout saying th a t one would like to  obtain the  best researchers 

available fcx* any research  pro ject, all o ther things bing equal. In the case of team 

research , however, "aU o ther things" may not be equal. Team research  places a special 

im portance on the ability  of an individual researcher to  com m unicate w ith other 

members of the  team , o ften  acting  as a "transla to r '' for his or her own discipline. This 

role may be of such im portance th a t a  person w ith those skills should be p re fe rred  to  

another with superiOT experience and accom plishm ent in research.

With respec t to com m unication, the particu lar qualifications needed in a team  

m em ber fall in to  three general categories: professional train ing and experience,

personal ch arac te ris tic s  and personality , and m otivation to  p a rtic ip a te  in in te r

disciplinary work.

Training and Experience. If a t  all possible, persons w ith previous experience in 

in terdisciplinary  team  research  should be p re fe rred  in selection. This is a  wise 

procedure, because i t  guarantees th a t the individual has "been through the mill" in this 

kind of p ro jec t and has probably worked out m ethods of coping with problem s th a t are 

peculiar to  m ultidisciplinary work. A dditionally, such persons may rep resen t a self

selec ted  group who are m ore willing or more able to  function well in th is kind of 
si tuation.

While i t  will be ra re , i t  would be especially  valuable for a person to  have been 

tra ined  in a se ttin g  w here m ultidisciplinary work was done.

F urther, c e r ta in  individuals may have worked together on previous p ro jects. If 

the collaboration has been successf'jl, we would recom m end considering the  use of the  

sam e team , augm enting i t  as necessary. This has the g rea t advantage th a t no break-in 

period will be needed, th a t the individuals will already have established e ffec tive  
working relationships, and th a t they  may already have developed processes for 

catalyzing one another's thinking. Where a group of kindred spirits can be found, this
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advice especially applies. (Where a consultant group is used, such a functioning team  
may be available alm ost in tac t.)

If neither of these tw o kinds of experience is available, i t  is a t le as t im portan t to  

consider the  kinds of m ethods th a t the  individuals are accustom ed to . Experience w ith 
group research  would be 'useful, for exam ple. Experience in com m unicating w ith o thers, 

in dealing with problems which involve more than a single discipline, in using techniques 

where the individual m ust deal w ith persons from other disciplines — all these would be 

useful kinds of experiences. Where an individual is being added to  o thers already 

se lec ted , the com patibility  of the individual’s experience and m ethods should be 

considered. Becuase of the  im portance of achieving the  righ t team  ’’chem istry ,” the 

selection  of each successive person will need to  be based upon som ew hat d iffering 

considerations. This will need to  be done to  obtain the required balance, the proper 

blend of personalities and ab ilities, and so on.

Personal C h arac te ris tic s  and Personality . If the services of individuals who have 

already proven them selves in in terdisciplinary  team  research  cannot be obtained, i t  may 

be necessary  to  se lec t individuals based on personal tra its  which seem conducive to  
success in such situations. Some of these are  listed  below.

Team members should be able to  to le ra te  the g re a te r  frustra tions which are 

ch arac te ris tic  of ^  group research  and which are particu larly  ch arac te ris tic  of 

m ultidisciplinary team  research . Working w ith a group involves comprom ises, the  need 

to discuss and explain, shared decision making and many sim ilar kinds of ac tiv itie s  

which take  tim e away from the actual research . This is fru stra tin g  to  many 

researchers, especially those accustom ed to  running th e ir own shops in their own ways. 

Tolerance fa r this kind of fru stra tio n  is im portan t. A lack of such to lerance may be a 

prim e fa c to r in s teering  some researchers away from aU group pro jects, especially 

these  where other disciplines a re  involved. There are , on the  other hand, individuals 

who seem to  find these lands of situations especially stim ulating.

I t is im portan t th a t persons representing  a discipline on a team  be both 

professionally and personally secure . I t  is ch arac te ris tic  of such research  th a t questions 

about one’s approach, the  basis for one’s decisions, the  soundness of one's methods are  

going to be raised. Worse s till, we are likely to  discover the  shortcom ings in our own 

train ing , experience, insights, e tc . I t is the purpose of m ultidisciplinary research  th a t 
this should happen. If, when this occurs, the  individual researcher responds only 

defensively or feels personally or professionally th rea tened , the very process of 

in terdiscip linary  team  research  comes to a halt. I t  is precisely  a t such tim es th a t the
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value of this approach becom es clear. If the individuals on the  team  withdraw into 

p ro tec tive  shells, the process will stop. To avoid this, the team  m em bers m ust feel 

secure enough to accep t criticism  and deal positively and creative ly  with it.

Akin to the previous need for security  is the need for em otional m aturity . If an
individual on a  team  is to  tre a t  criticism  positively and offer it  constructively , he or

she m ust be m ature  enough to  function w ithout the game playing in to  which critcal

analysis can degenerate . T hat is, team  m em bers must be able to  offer and accep t

critic ism , advice and correction  without taking i t  as personal or p e tty  a tta ck .

M oreover, because team  research  inevitably involves a g rea t number of learning 

experiences, the team  m em bers m ust be prepared to  a lte rn a te  readily  betw een roles 

(student and teacher, m aster and pupU, and so on). They must be able to  accep t this 

o ften -rap id  a lte ra tio n  of roles with equanim ity and, i t  is hoped, w ith a sense of humor. 

They need to  be docile — teachab le  — a t such tim es, prepared to  learn  from others on 

the team  and prepared to  teach , if we may paraphrase A lexander Pope, w ithout 

lecturing , im parting things unknown as things forgot. The value of such m atu rity  in 

dealing w ith all the norm al strains of research (failure, equipm ent breakdown, 

insuffic ien t funding, prolonged delays, e tc .) should also be apparent.

Team members should be flexible. This is commonly suggested, but what is m eant 
is not always clear. In the present con tex t, we mean th a t they should be able to  

respond to  criticism  in ways which are  both fa ith fu l to  th e ir own disciplines and fa ith fu l 

to  the pursuit of the problem solution as well. The form er is the  easier of the  two; the 

la t te r  may require th a t they som etim es adopt methods and approaches which a re  quite 

uncommon among persons with th e ir background and training. If they  are  rigid, such 

altenations in approach and m ethod may be beyond the ir capabilities or even beyond 

th e ir thinking. I t Is essential th a t when they  see the value of a d iffe ren t approach, they 

are  able to  adopt i t  even if it  is foreign to  the ir previous background and experience. 

F lexibility  in thinking is ju st as im portan t. A biologist, in order to  function on the 

team , may have to  understand (a t le a s t up to  a point) how a psychologist thinks about a 

problem; a  sociologist may have to  try  to  see the world through an anthropologist's 
eyes.

Hum ility, in the best sense of the word, is im portant to  every m em ber of the 

team . While there  are o ther definitions, we would define hum ility here as "being 

tru th fu l about everything." The im plication of this definition is th a t the individual is 

prepared to adm it free ly  when he or she has been in error, sind is prepared to  be led to 

the tru th  w herever i t  is to be found. This is a ra re  tra it  in people, but i t  is one th a t is
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especially im portan t on an in terdiscip linary  team , where so often  we discover th a t our 

accep ted  notions about things are e ither erroneous or a t le a s t Incom plete. H um ility in 

such situations is akin to  the  docility m entioned above. Where the tru th  uncovered is 

not what we prefer, a c e rta in  am ount of personal m oral courage may also be required in 
seeing and describing w hat has been found.

Open-mindedness is closely akin to  hum ility. It may have som ewhat m ore to  do 

with a ttitu d es  than w ith fa c ts , however. Open-m indedness may imply a willingness to 

lis ten  to  argum ents even when they  do not have much tru th  in them , perhaps simply for 

the  sake of hearing the  other person out. Fairly  o ften , the  tru th  is uncovered in this 

way. We begin by listen ing  to  an argum ent in order to  be fa ir (or polite) and end by 

being convinced, o ften  against our wiU or p references. Open-m indedness may be the 

handmaiden of hum ility in such situations.

Along with the se lf-resp ec t (personal security) which we m entioned above, i t  is 

essential th a t the  team  m em bers have respec t for one another and for one another's 

disciplines. The la t te r  (respect for another's discipline) is not such an easy thing as non 

sc ien tis ts  might suppose. The train ing  of researchers in g raduate  in stitu tions is 

designed to  foster an ex trem ely  c ritic a l a ttitu d e , necessary  in one who is com m itted  to  

finding out the tru th  about m a tte rs  in which the  tru th  may be ex trem ely  hard to  dig 

out. This a ttitu d e  begins w ith c ritica l a tten tio n  to  one's own work and extends to an 

o ften-b iting  criticism  of work within one's special field. Scientists can feud over 

questions re la ted  to  research  in the sam e way th a t nations feud over national in terests. 

Given this situation, i t  is no surprise th a t there  is o ften  a  pecking order within 

disciplines with certa in  specia lties considering them selves superior to  others in the 

p rac tice  of the ir a rt. Thus, i t  is commonly suggested (and often  true) th a t surgeons 

consider th e ir  work to  be superi<M* to  th a t of in tern ists , or th a t som e kinds of surgeons 

consider th e ir skiUs superior to  those of o ther kinds of surgeon specialists. This feeling 

may be in tensified  when one discipline com pares itse lf  with another.

Genuine respec t fo r o ther disciplines and those who p rac tice  them may thus not 

be easy to  find or, if found in  an individual, may be a  sham . It may be m ore likely in 

persons of experience and m atu rity . If it  cannot be found defin itely  in a prospective 

team  m em ber, then open-mindedness may be a  reasonable su b stitu te  for it . To an open- 

minded person, part of a team  of sound professionals, the  needed respec t for o ther 
disciplines may com e in tim e, even if it is not there  to  begin with. Tolerance may also 

be a substitu te  fo r m utual respec t and may lead  to  i t  in tim e.
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R elated  to resp ec t of o ther disciplines is a high level of to lerance for ideas which 

are foreign to one's own training and background — concepts from other disciplines. 

These concepts may range from basic philosophy and ideology (Freudianism , Darwinism, 
e tc .) to  simple d ifferences in ways of describing or discussing data. These differences 
can get on one's nerves and re su lt in demands th a t the team  "clean up th is fuzzy 

thinking." The ability  to  to le ra te  these d ifferences and the am biguity th a t resu lts  from 

them is im portan t to  the sm ooth functioning of the team .

The team  m em bers m ust also recoginze the  lim its of the ir own disciplines; this is 

re la ted  to the  point ju s t made. A t tim es, specialists may a c t as though th e re  was no 

world outside their own. What is required for interdiscip linary  team  research  is a 

recognition th a t o ther worlds ex ist and th a t there  are  many things about them  which we 

do not know. A good team  m em ber should be aw are of the th eo re tica l lim its and the 

m ethodological or technological lim its of his own discipline. The la t te r  are im portan t 

a t the  tim e of experim ental ot observational design. When the discussions s ta r t ,  i t  will 

obviously sm ooth m a tte rs  if each person involved has a  fa irly  c lear idea of what his or 

her discipline can contribu te  and what it cannot. If each does not, then  the boundaries 

will have to  be drawn by means of discussion, dem onstration and argum ent, which will 

take additional tim e. (We shall assume here th a t the  task  of pushing out the borders of 
the individual disciplines is best le f t  to  researchers o ther than those on interdisciplinary 

term s of the  kind we are discussing.)

Each of the team  members should have a  desire to  learn . This will mean a  desire 

to learn  from  the others on the  team  a t least; it  may also m ean th a t the  individual 

should be prepared to  learn  enough m ore about this or her own discipline to  supply the 

som etim es unusual demands of the in terdisciplinary  research  pro ject. It is the common 

experience of persons in in terdiscip linary  projects th a t a lo t of "going to  school" is 

involved. I t has been suggested th a t one resu lt of such projects is the creation  of 

educated am atures in the second field . A biologist becomes a ra th e r good am ateur 

physicist; a  sociologist, a  good am ature  psych ia trist. O ften , much of the  tim e of the 

p ro ject is taken up by gaining these kinds of new knowledge. It seem s th a t such 

reeducation is im portan t to  the proper functioning of the  team  and its  m em bers. 

Therefore, each team  m em ber m ust be ready for reeducation  (and even eager for it). 

Obviously, some balance m ust be m aintained. The objective will not be for the 

sociologist to becom e a psych iatrist. What is required usually is th a t the sociologist 

come to understand enough about the psychiatry  involved in the p ro jec t to  be able to  

re la te  well to  i t  as a  sociologist. So what is wanted is in te re s t and willingness to learn .
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coupled with a sense of perspective and a clear understanding of one's role in the 
p ro ject.

Each team  m em ber should have a clear understanding of his or her own personal 
strengths and weaknesses. In any team  e ffo rt, there  is going to  be some jockeying 
around in order to  find each person's m ost suitable role on the team . There will be 

inevitable com petition for c e rta in  roles and functions. I t wiU be m ost e ffic ien t if the 

individuals on the team  have some idea of what roles they can play before th is process 

s ta rts . In this way, useless struggling over roles and tu rf and be avoided. Also with an 

idea of our own abilities, we can contribute  m ost e ffec tive ly  to  the  re s t of the team . In 

particu lar, when we come to  a so ft spot in our own training, experience or approach, 

help may be found within the team . If a team  m em ber is aw are of a weakness in 
s ta tis tic s , he or she may be able to  find someone with expertise  in th a t a rea  elsew here 

in the team  membership. It will also be necessary to  know when to  be assertive  because 

of one's special knowledge, experience or insight. It may, in fa c t , be useful for the 

team  members to do a ce rta in  am ount of soul searching before the  p ro ject, and for the 

group to  exchange inform ation about experience and train ing  in a ra th e r  form al way a t 

the pro ject's  s ta r t .

Each team  m ember should really  enjoy working w ith people. In a team  research 

p ro ject of any kind th is is necessary; i t  is more necessary  when the  team  is made up of 

persons from  quite  diverse backgrounds. The individuals should be able to  derive some 

of th e ir sa tisfac tio n  ju s t from  being around other people (i.e., i t  is probably not enough 

th a t they be satisfied  w ith using others to  accom plish a  task; they should also be 

in te re sted  in o thers for the ir own sake, as persons in th e ir own righ t, quite ap art from 

th e ir professional roles). This in te re s t in fellow team  members will sm ooth the work of 

the team ; it will also make for a  b e tte r  feeling throughout the p ro ject which may 

con tribu te  to  the quality  of the work. A good many projects succeed in p art because of 

the m utual desire of the  team  m em bers to do weU, not so much for the sake of the 

p ro ject as fca* the  others on the team . If such a sp irit can be fo stered , the p ro ject will 
be the b e tte r  for it.

We are not prepared to  say how to  discern w hether an individual really  likes 

working with other people. This is a  function which the p ro jec t d irec to r will, however, 
e ither need to  perfcMrm or have preform ed by someone else.

I t is im portan t th a t each team  m em ber be able to com m unicate clearly  about his 

or her own discipline. This is not evidenced by publications or textbooks w ritten  so 

much as by the ability , across a coffee  tab le , to  make c lear in discussion what the
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discipline has to say about a series of topics raised in a disconnected way. Most m utual 

education of the team  will take place in very inform al ways. The blackboard may be 

beach sand or a  table cloth. There will be no textbook. The teacher a t one m onent will 

become the studen t in the next, and the roles will be exchanged frequently . Team 
m em bers m ust have a strong desire to com m unicate about their disciplines (we would 
suggest they should be bursting with i t ,  except th a t this can a t tim es becom e a bit 

tedious) as weU as having the  skills necessary.

This ability  to  com m unicate is absolutely cen tra l to  team  research. Most of the 

tra its  which we are  proposing for team  m em bers are  re la ted  to  it.

I t  is im portan t th a t team  members be able to  tran s la te  from their present training 

and experience to  the problem a t hand. R a th er than being able to  see the  problem only 

from their present point of view, the  m ust be able to  look a t i t  from d ifferen t angles. 

Having done so, they m ust be able to  apply what they  already know to  the particu lar 

demands of the problem its le f. This ability  is re la ted  to  the flex ib ility  which was 

m entioned earlier. It also runs som ewhat counter to  the way in which much research  is 

done and rew arded a t the present tim e. G enerally, one can expect to  succeed more 

rapidly and com pletely by mining out single veins than by doing wide prospecting. 

Interdisciplinary  research  puts a premium on being able to  use one's pick and shovel on 
new veins of ore, which may be discovered in rapid succession. The ability  to do this 

may d iffer considerably from the ability  of many specialists to succeed in their narrow 

fields.

If possible, each person on the  team  should contribute d ifferen t a ttitu d es  toward 
the p ro ject. I t  is im portan t th a t the  team  be balanced in its  perspective. It will be 

useful if some m em bers are very optim istic  about success and others are  much more 

tenative. If everyone is prepared to  rush headlong, falls may resu lt. A balance of 

restra in ing  influences may be useful. There should be persons on hand to  "keep the 

team  honest" about what i t  is really  accom plishir^ , w hether the resu lts obtained wiU 

really  stand up to  scrutiny, and so on. A t the sam e tim e, th e re  m ust be visionary 

sp irits, willing to  take risks and plunge forw ard in to  what may be unknown te rrito ry . 

The v irtue of a  team  is in p a rt th a t it  can keep these  d ifferen t a ttitu d es  unmixed by 

drawing them  from d ifferen t individuals. R a th er than having an individual who must 

keep these  w arring a ttitu d es  in harmony w ithin a  single person, we can keep the polar 

opposites fresh  and uncompromised in separa te  people, always ready to  be brought out 
and used when they a re  needed.
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The la s t two ch a rac te ris tie s  are necessray in good researchers under any 

circum stances and are ch arac te ris tic s  about which whole books have been w ritten . The 

persons on the team  should be filled  with curiosity , and they  should be able to ask good 

questions.

In the con tex t of in terdisciplinary team  research , curiosity  im plies a special 

desire to know about things outside one's discipline ("I have always wondered what 

anthropoligist really  are up to; now is my chance to  find out"). Within undefined lim its, 

we would perscribe alm ost catholic ta stes . Team s will function best where the 

m em bers are eager to  hear what others have to  con tribu te  and then to  stim u la te  these 

contributions by constan t a tten tio n  and feedback. Scien tists, especially, th rive in 

environm ents where o thers care  about what they a re  doing. A researcher's  studies are 

o ften  so obscure th a t the  only persons who reaUy care  about them are  e ith e r graduate  

students trying to  get th e ir  Ph.D 's, or else persons on the  o ther side of the world. To 

find a fresh  and willing ear may bring out the best in nearly  any researcher.

On an in terd iscip linary  team , the ability  to  ask good questions is nearly a t  the 

heart of com m unication. The purpose of the team  is to  g e t the d ifferen t disciplines in 

focus on the sam e problem a t the sam e tim e and to  apply th e ir efforts  in a unifed way.

Mutual questioning is im portan t to  th is process. Sociologists should be able to  

raise good questions or biologists to answer; engineers should what the curiosity  of 

physicians with th e ir questions about how to  deliver health  care. In th e  long run 

(perhaps beyond the scope of a  single project), good questions are probably more 

im portan t to  the progress of science than are the  tem porary  answers produced for 

them . We think this will be the case in in terdiscip linary  team  research , too.

M otivation fo r In terdiscip linary  R esearch . This m otivation needs to  be explored 

before a  person is se lec ted  for the  team  since m otivation m ust be high, or else the 

problem s connected w ith both team  and in terd iscip linary  research  will overwhelm the 

individuals on th e  team .

There are tw o negative fea tu res  to avoid. Persons who have a closed th eo re tica l 

fram ew ork, or who have a g rea t deal of ego invested  in th e ir profession (and the  role 
they play in consequence of it), should not be p a rt of in terdisciplinary team s. Those 

with a closed fram e of re fe ren ce  wiU find it very d ifficu lt to  re la te  to  the others on the 

team  and will probably becom e disruptive influences. Persons whose egos are  invested  

in their own professions wiU find it d ifficu lt to  be open with others about the ir own 

lim itations and those of the ir disciplines; they will also find i t  hard to  change roles
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smoothly when it becomes necessary  for them to  learn  from the  others on the team . 

For such persons, the whole idea of in terdiscip linary  research  may be a th rea ten ing  one.

On the positive side, th e re  are a number of m otivations which are im portan t in a 
team  m em ber. The f irs t may be a fe lt  need for collaboration. The individual may be 
one who ju s t enjoys having a  partner (or partners) in research , who likes other people 

around. In the face of an in terd iscip linary  problem, i t  would be a  person who recognizes 

the need to have people from re la ted  disciplines involved in the  solution of the problem. 

W hatever the source of the m otivation, i t  is im portan t th a t the m otvation exists.

It will be useful if the  team  m em bers have a special in te re s t in problems which 

cross disciplinary lines. Most sc ien tis ts , as we have suggested, probably a re  in te rested  

in problem s — often very narrow ones — within their own disciplines. For in ter

disciplinary research  the in te re s t should ideally be quite  d ifferen t: broad problems 

which require cross-disciplinary e ffo rt should be perferred  by team  m em bers. This may 

be a d ifficu lt c rite rion  to  fulfill but will be helpful to the team  e ffo rt. Even if not all 

the  team  m em bers come with th is m otivation, there  should be enough on board so th a t 

they will reach out to  the others.

If possible, the team  m em bers should have an active  d issatisfaction  w ith the 
lim itations of the ir own disciplines. This also may not be easy to  find but will be 

helpful. Such persons are aw are of the shortcom ings of the ir disciplines and would like 

to do som ething to  overcom e them . Because they are strongly m otivated  to  reach  out 

to  others across the boundaries of th e ir disciplines, they  are  particu larly  suited for 

in terdisciplinary  team  r s e a r c h .  It will be especially helpful if they are aw are of 

lim itations in detail, can pinpoint them , and have ideas about how to  overcom e them . 

We are not suggesting they  come with axes to  grind, m erely th a t they have a positive 

a ttitu d e  tow ard overcoming the  lim ita tions they see.

Persons coming to  the  team  should be m otivated  to  o ffer their best e ffo rts , as 

p a rt of a  team  (where c red it will necessarily  be shared), and to  the  particu lar p ro ject 

which is to  be done. The la t te r  im plies th a t  they  should be given a fa irly  com plete idea 

of what the pro ject is all about and where i t  is hoped i t  will lead.

Finally, one of the  m otivations of the  team  m em bers should be a kind of 

com m unity of in te rests  with the o ther team  m em bers. We suggested a t the very ou tset 

th a t, if possible, one should use a preexisting team  which already has shared in te rests  

and experience. If this is not possible, i t  would a t le as t be a good idea to  assemble a 
group which has in te re sts  in common.
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The P ro jec t Leader

The pro ject leader and the p ro ject adm in istra to r need not be (and perhaps ought 

not to be) the sam e person. This is a decision which circum stnaces are likely to  d ic ta te , 
but i t  is worthwhile suggesting th a t the two functions can be separa ted . By "leader" we 
mean the person who leads the actual research  process and provides the d irection  of the 

p ro jec t as a whole. The adm inistrator, on the o ther hand, would be the one to  handle 

adm inistrative details such as logistics and supply, personnel records, and so on. In 

particu lar, a p ro ject lead er w ith an adm inistrative assis tan t seem s a good arrangem ent. 

The pro ject leader should be free  to devote this or her tim e to  the ac tua l d irection  of 

the p ro ject and be ra th e r free  to  detail chasing.

W hether the p ro jec t leader should be the ch ief investigator on the p ro jec t is not 

c lear. In many cases, i t  is not necessary and may, in fa c t, im pede the p ro jec t if the two 

functions are combined. The two functions might well be kept separa te .

There a number of charac te ris tic s  th a t a p ro jec t leader should possess. Ideally, a 

p ro jec t d irecto r would be a good candidate for team  membership and a  good pro ject 
leader as well.

F irs t, the leader should be orderly. He or she should be happy as a coordinator, 

insuring th a t things take place in an orderly way, perhaps even to  the point of being 

compulsive about i t .  Someone has to worry about schedules, about priorities, about 

ge tting  th in ^  done and loose ends tied  up. The p ro jec t leader should be the one to  do 

this. (We are not referring  to  detail chasing but ra th e r to  the major job of coordinating 

the  effo rts  of the various parts  of the  team .)

The d irecto r should d irec t, should be willing and able to  d irec t (maybe even enjoy 

it, though many sc ien tists  do not), and as the d irec to r, should not rep resen t any one 

discipline (particu larly  his or her own). People outside of the research  com m unity 

should be aw are th a t researchers a re  o ften  not in te re s ted  in being d irectors because of 

the tim e th a t i t  takes away from their research . So in selecting  a p ro ject d irec to r i t  is 

im portan t to  find a sc ien tis t who does want to  d irec t and who evidences some ab ility  a t 

it. Eminence and achievem ent in research  are  not a  guaran tee  of this in te re s t and 
ability , although it  may be if the worker in question has done the  work on group pro jects 

and has d irec ted  the groups. Decision m akers will have th e ir own ways of recognizing 

someone able to do what they them selves do. Obviously, a  track  record  would be 

helpful, if it  exists.
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Because the d irector will not be conversant with what each team  m ember is 

actually  doing, much of the coordination will have to be done through schedules which 

require products. The d irec to r m ay not be able to  te ll w hether progress is being made 
until the products £U‘e produced. In such a situation , i t  is im portan t for the d irec to r to 
c rea te  schedules and get the team  to agree to  them . R esearch e ffo rts  are  notorious for 

being able to keep schedules. Since we are concerned here with the application of 

research  to  particu la r problems, schedule will be im portant. So i t  is im portan t to  have 

a d irec to r who can keep things fa irly  well on track . A record of tim ely perform ance in 

the past would be a  good indicator of such a  person. G etting  the team  to  agree to 

schedules is an a r t  in itse lf. Finding someone who can do th a t is not a simple exercise.

The d irec to r should be able to  g e t a decision process established and should be 

able to  ensure tha t when decisions are  m ade, they stfe carried  out. A t le a s t in p a rt, the 

decision process should involve the  group as a whole. Where groups are involved in 

decision making, there  are special problem s. Where the group is made up of sc ien tists , 

the problems are, if anything, m ore d ifficu lt. The project leader needs to  g e t the 

decision process accep ted  or established and defined, if i t  is not a given. Then the 
process has to be made to  work. Finally, when the decisions are m ade, the leader has to 

ensure th a t they  are carried  out.

In connection w ith this decision process, the leader m ust be the one who enforces 

w hatever group discipline there  is to  be. Scientists are not usually in te re sted  in 

’’discipline" in any form al sense; they do not like p e tty  rules and regulations. We are 

not talking about such insignificant m a tte rs . It has been said, however, th a t in group 

effcarts, "Someone has to  spank those who need spanking." This is the d irec to r's  or 

leader's job. When someone is obviously in te rfe ring  with the group's work and for no 

good reason, the leader has to bring th a t person back on board. This is a touchy 

process. The p ro jec t leader must be one who can do it and who is willing to  do it.

Many a re  prepared to  argue th a t these  adm inistrative abilities are  fa r  more 
im portan t in a p ro jec t leader than  the  substantive knowledge a  sc ien tis t has of his or 

her own or o ther disciplines. Except as the la t te r  may a ffe c t the s ta tu s  accorded the 

p ro jec t leader, we generally agree. The p ro jec t leader neecis to  be a lead er firs t and a 

sc ien tis t second. W hether o ther scien tis ts  will respect anyone but an established 

sc ien tis t in th a t role, we are  not sure. However, they will probably not respec t even a 
distinguished sc ien tis t who is shown to  be inept in a leadership role.

Ideally, the p ro jec t leader would be a person with wide experience in collaborative 

work and with some knowledge of all the disciplines to be involved in the p ro ject. This
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may be asking for a g rea t deal, but it  is a t le as t a direction in which one should look. 

T rack record would be helpful a t this point, although more than just a curriculum  v itae  

should be exam ined to discover the track  record.

In sum m ary, there  are special kinds of scien tis ts , able in their own fields, who also 
have a desire and in te re s t in in terdisciplinary  work and an ability  (hopefully a proven 

ability) to  be team  leaders and pro jec t d irec to rs. This should be a rela tively  but highly 

desirable com bination.

It is unlikely th a t one an learn  how to  be a good adm inistra tor or team  leader in a 

short tim e. Thus, whenever possible, i t  is im portan t to se lec t suitable persons ra th e r 

than trying to  tra in  them for the ir work. On the o ther hand, persons with the requisite  

ab ilities and sensitiv ities might be able to  becom e good adm inistrators and leaders 

durng the course of a p ro ject. This la t te r  approach may be taken in many cases.

The Hiring Process

Hiring team  m em bers on a fu ll-tim e  basis is not the only way to  arrange for their 

serv ice and may not even be the best way. I t  has been sugested th a t m em bers of an 

in terdiscip linary  team  should not devote th e ir full tim e to  the in terdisciplinary  research 

p ro ject. This is because taking fu ll-tim e away from th e ir disciplines will be harm ful to 

the careers. Also, as specialists in a discipline, the must keep up w ith new develop

m ents, and this can only be done by continuing th e ir regular work.

The proportion of the ir tim e which m ight be devoted to  an in terdisciplinary 

pro ject has been suggested as about half to  th ree -quarte rs  tim e. Anything less than 

half tim e is thought to  be too l i t t le , because it does not perm it enough co n tac t with 

o ther team  m em bers; Anything m ore than th ree -q u arte rs  cuts off con tac t with the 

person's discipline. Some pro jec t leaders, of course, will want th e ir s ta ff  only on a full

tim e basis. This is easy to  understand and has advantages to  the project; but it  has 
disadvantages as well, and these  should be borne in mind.

The job descriptions used in the hiring process should be based on a carefu l 

evaluation of the p ro ject's  needs. They should not be a  m ere shopping lis t few 

disciplines. The disciplines to  be involved should be carefu lly  se lec ted  and the 

particu lar things needed from  each should be outlined in reasonable detail. It is perhaps 

too easy during hiring to apply one's own stereo types to the individuals from another 

discipline: "I need an engineer, and all engineers are like X; th e re fo re  I can hire any 

engineer and g e t X's qualities." It may be useful in producing the job descriptions to
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discuss them with experts from  the discipline; they may be able to o ffer good advice on 

which particu lar kinds of training and experience will best f i t  the p ro jec t's  needs.

From each of the candidates it will be well to obtain ra th e r fuU inform ation of 
several kinds, which are m entioned below, toge ther with some explanations about each 
one.

In any curriculum  vitae , one would expect to g e t inform aton on a candidate 's 

training and experience. This will be im portan t for the reasons mentioned in the 

previous section  on selection  of individuals for the team . The in terdisciplinary  and 

group research experiences of the  candidates will, of course, be particu larly  im portan t.

Because of the need to f i t  the job descriptions precisely, i t  is im portan t to  press 

questions about the  individual's areas of special com petence. In applying for jobs, many 

otherw ise in te lligen t and able persons do not always put their best foot forward. They 

may not be well enough aw are of the  p ro jec t's  nature to really re la te  it to their own 

experiences and background. In e ither case, i t  is im portan t to probe until the  full 

p ic tu re  of special experiences has been laid  out. O ften, a candidate wiU not even see 
his or her experiences as re levan t until the  questions are  actually  asked.

Interdisciplinary and group research  experiences should be explored in depth with 
the candidate. Where the candidate is a probable choice, the  person doing the hiring 

(perhaps the  p ro jec t leader) should probably be in touch with the  people on the team  or 

in the group with which the candidate has worked. Interdisciplinary graduate  training 

might be particu larly  valuable. Its nature  and quality should likew ise be carefully  

explored. Where good results were a tta in ed  by the  team  or group, i t  is im portan t to 

learn  the  ex ten t of the  candidate 's contribution. This will not always be easy to find 

out (one of the problems with all shared research), but conversations w ith several 

m em bers of the team  or group may produce useful inform ation.

Finally, as we have already suggested a t some length, the  person hiring should 

look a t  the candidate 's personality  and personal ch arac te ris tic s  very carefully . Most of 

these  will not show up in curriculum  vitae , and w hether they  wiU be m entioned in 

le tte rs  of recom m endation will depend on the approach the  le t te r  w riter takes to the 

task. Interview s may be the  best way to  get a t  these personal tra its . We suggest tha t 

the interview s be conducted by a group of a t leas t th ree  persons, preferably  from 

d ifferen t disciplines, and th a t they extend over a period of a day or so. It is im portant 

to see how a candidate does all the things we have suggested as im portan t for a team  

mem ber. The interview s m ight consist of individual m eetings with those involved in the 

interview ing process and then a group session or two. The process might be broken up
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by having m eals together, during which the ligh te r side of the candidate 's personality 

can be explored. Interview ers should bear in mind th a t it is not just the candidate 's 

in telligence, ability  and experience th a t is involved; the candidate is especially being 
evaluated as a m ember of a team .

The chem istry  involved in c rea ting  a team  requires th a t the selection  of the 

personnel be in the hands of the people responsible for the team 's work (preferably the 

p ro jec t leader or d irector). The selection  of team  members should not be in the  hands 

of departm ent heads or o ther senior people in the various disciplines to  be involved. To 

ask, "Send us somebody good, will you?" is a te rrib le  m istake. It invites th e  creation  

not of a coheren t team , but a  com m ittee  of sorts.

S taff R eten tion

M ultidisciplinary team  research  may presen t particu lar problem s with regard  to 

retain ing  s taff.

R etention will be higher if the team  members know w hat they  are g e ttin g  into 

from the very beginning. Once they have been selec ted , it wiU be im portan t to obtain 

the ir w holehearted com m itm ent to  the p ro jec t. This process should begin w ith the most 
thorough team  pro ject briefing th a t tim e will perm it. Team m em bers should be 

encouraged to  ask questions, and honest answers should be given. Where they see flaws 

in the  p ro jec t design or staffing , these should be considered carefu ly  and responded to 

in an appropria te  way.

If possible, th ese  new team  m em bers might be involved in the design of the 

pro jec t or in o ther in itia l phases of the  p ro jec t which rem ain to  be done. Every e ffo rt 

should be m ade to make them fee l p a rt of the team  and p a rt of the p ro ject from the 

ou tset If appropriate , e ffo rts  should be m ade to involve them socially with the res t of 

the team  members so as to build coherence. O ther ideas along these  lines will occur to 
anyone who has led any kind of group.

It will also be appropriate  a t the  very ou tset to discuss w ith the team  what 

rew ards they can expect as a  resu lt of the p ro ject. Publication of the results, 

authorship of the final repo rt, likelihood of foUow-on work (or, on the  o ther hand, 

likelihood of the pro ject's  being cu t off midway), and aU re la ted  m a tte rs  should be 

openly and candidly discussed. It is always im portan t to  do away with rumors, 

particu larly  so when the  success of the  p ro jec t depends on the close cooperation of the 
people involved. Minimizing the tim e  spent by the team  members on idle speculation 

and gossip will increase the ir efficiency as weU as help the re ten tion  problem.
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It will also be wise to discuss the  hazards of in terdiscip linary  "interlude" to  a 

c aree r made within a  particu lar discipline. This is only fa ir to the researchers involved 

and will, by assuring them of the p ro jec t's  in te rest in them personally, help cem ent 
the ir loyalty  to the p ro jec t e ffo rt.

O ther techniques and considerations which should be p a rt of any e ffo rt to 

m otivate and re ta in  the loyalty  of workers would, for the most part, apply to a 

m ultidisciplinary team  pro ject.

Team O rganization

This is a very d ifficu lt subject to deal with, probably because the  models for 

organization are so varied, and because each new research  problem may require a 

d ifferen t kind of organization for its  a tta ck . In addition, individuals vary a  good deal as 

to the  type of organization within which they work well.

Aside from the following general rem arks, we will leave the  operational struc tu re  

of the team  to  be devised by the  p ro jec t d irec to r and the team  m em bers them selves.

Because individuals vary in th e ir a ttitu d es  tow ard organization and s tru c tu re  of 

working groups, some of the team  m em bers may be unaccustom ed to or even may 
actively  dislike the organization th a t is developed, w hatever i t  is. Som ething had best 

be done to reduce the tension and conflic ts which may flow from such situations. 

P ro jec t leaders are probably the  ones to  identify  these cases and then determ ine what is 

required to prom ote the  best in te re sts  of the team , the  p ro jec t and the individual 
involved.

It is im portan t to recognize th a t in team  research  the  inform al organization of 

the  team  is quite  as im portan t as its form al organization. A g rea t deal of the work of 

the team  will be done through inform al m eetings and discussions. The pro ject leader 

should be aw are of how the inform al s tru c tu re  works and should assist its  function 

where the p ro jec t is fu rthered  by it. To neg lect to understand this inform al s truc tu re  

can o ften  bring as much trouble as a  fa ilure  to c rea te  and m aintain the form al 
organization of the research  team .

A person's discipline should not be m istaken for his or her ro le on the research 

team . Role is determ ined as much by personality  and personal tra its  as by the person's 

discipline, train ing  and experience. To the ex ten t th a t a  person's ro le can be defined 

and m ade p a rt of an organizational s tru c tu re , this should be done a t the s ta r t  of the 

p ro jec t. However, much of the  individual team  m em ber's ac tu a l ro le  will be defined
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only as the team  works on the p ro jec t and se ttle s  into its  working p a tte rn s. In many 

cases a person's role will, in fa c t, take precedence over his or her discipline in the 

functioning of the team . This should not be thought of as a  problem unless i t  is 
obviously hindering the team s, effo rts .

As was m entioned earlie r, s ta tu s  does influence the way in which an individual 

wiU function on a research  team . We agree with the advice th a t the role of a s ta ff  

member on the  team  should be consisten t with th a t person's s ta tu s. Both should, of 

course, be consisten t with the  needs of the  p ro jec t and the successful functioning of the 

team . D ifferences in the s ta tu s  of individuals on the team  can cause problems and 

research d irec to rs should be aw are of this. To minimize the friction  these differences 

may cause, i t  will be best to keep roles and s ta tu s  consistent. On the  one hand, this 
may m ean th a t if a person acquires a high sta tu s within the team , he or she should 

receive an appropriate  position on the  organization ch art. It also means th a t a 

distinguished sc ien tis t should not be given a minor role to play. S tatus as a consultant 

to the  team  might be more appropriate  if not much of his or her tim e is really  required.

Finally (and this has a good deal to do with team  m em ber re ten tion  too), the 

d irecto r should be aware th a t no two m em bers of the  team  will see the  p ro ject as of 

equal in te re s t. Some will fee l strongly m otivated, o thers much less so. It is im portan t 
in these cases to help each team  m ember to see his or her own payoffs in the p ro ject. 

True, the group as a  whole wiU feel a sense of accom plishm ent if the p ro ject is 

successful; but the individuals m ust each also see th e ir own best in te rests , or they are 
less likely to  give of th e ir b est. The p ro jec t d irec to r needs to  discuss this with the 

team  m em bers and then use the  organization of the team  as a  means to couple the 

group's goals to those of aU the  individuals involved.

Physical F ac ilities

We are not concerned here with the particu lar kinds of fac ilities  and equipm ent 

which may be needed to a tta ck  a given research problem . We wish to  make only one 
point.

Since the p ro jec t is conducted by an in terdiscip linary  team , it is im portant th a t 

provision be made for the team  function of the  group. We mean th a t provisions must be 

made for the  team  members to  m eet (form ally and inform ally) and in te ra c t freely  with 

one another. If possible, jo in t work space or adjoining work areas should be provided. A 

jo in t coffee  room may be valuable (especially if provided w ith a blackboard or sim ilar 

facilities). S ta ff from  aU levels should make i t  a point to in te ra c t with others, and the
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physical fac ilities  can fo s te r this g rea tly . W herever possible, we would like to  see 

sep a ra te  and d istinc t work areas avoided, although we rea lize  th a t some kinds of 

organizations may require them .

The Role of ^Bridge Person”

While we have avoided discussion of t.he p a rticu la r roles th a t individuals on a 

research  team  are  likely to play, th e re  is one role — th a t of the ’’bridge person” — th a t 

is 30 cen tra l to in terdisciplinary  or m ultidisciplinary research  th a t i t  needs to  be 

m entioned.

The bridge person is one who is involved in acting  as a kind of bridge over which 

com m unication can occur betw een two d ifferen t groups or individuals. In the con tex t 

of m ultidisciplinary research , the bridge person fac ilitia te s  the  com m uniction betw een 

persons from d ifferen t disciplines (and som etim es the com m unication betw een the 

research  team  and those outside it, including the sponsors of the research  project).

There are many situations in life  in which a m ism atch occurs betw een persons 

try ing  to com m unicate w ith one another. It is as though they were trying to speak in 

d iffe ren t languages or were using d ifferen t coding system s. D ifferences in background, 

experiences, training, and perhaps mind se t, philosophy and ideology, are all involved. 

Persons from  d iffe ren t disciplines would be expected  to be a fflic ted  with this kind of 

m ism atch.

There is a t leas t some evidence to suggest th a t when the members of a group are 

trying to solve a  problem , they will generally look f irs t (and som etim es only) within the 

group for help. A t le as t in p a rt, th is s tra teg y  evolves because of a m utual feeling th a t 

’’only we really understand what the  problem is.” This suggests th a t bridge persons 

should be found am ong the members of the in terd iscip linary  team , ra th e r than brought 
in from the outside.

It is likely th a t som e individuals on the team  will gradually come to play th is role 

ra th e r consistently . When m ism atches in com m unication occur during discussion, these 

will be the persons who try  to  resolve them , o ften  by acting  as translato rs.

Some individuals naturally  fiU this role weU and wiU g rav ita te  toward playing it. 

Ideally, the p ro jec t leader would be such a  person. If he or she is not, i t  will be 

im portan t to  ensure th a t one or more of the o ther team  m em bers can perform  the role.

The bridge person has an especially d ifficu lt role to  play where there  is a 

com m unication m ism atch betw een the  sponsors of the  p ro jec t and the pro ject team . 

We expect th a t this situation  probable will be ra th e r common.
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In such a case, someone is needed who can explain the team 's e ffo rts  and approach 

to the sponsor and express the sponsor's concerns and goals to the team .

On one side, i t  is som etim es too easy for the research  team  to fo rg e t what its 
purpose is, and go chasing a f te r  in teresting  problems which cross the team 's path, while 
they  are on the hunt for the sponsor's game. On the o ther side, it  is quite possible for 

the sponsor, by asking the wrong questions or specifying the acceptable  kinds of 

answers, to make the research  team 's e ffo rts  of l i t t le  value. The bridge person's role is 

to  try  to explain these problem s to each side and to try  to help the researchers and the 

sponsor to  work to g e th er to  achieve a useful and valuable resu lt.

The p ro jec t lead er is probably best qualified to ac t as the bridge person betw een 

the team  and the sponsor, but if he or she cannot function in the role, someone must be 

found who can.

Unless good com m unication is developed betw een the  team  and the sponsor early 

on, l i t t le  of the advice o ffered  in this paper will be of much use.

Some Suggested Reading

Because of the inform al nature  of this paper on the m anagem ent of m ulti

disciplinary research, we have not a ttem p ted  to provide detailed  references to sources, 

nor shaU we do so here. But, as we said a t the beginning of this chap ter, managing 

m ultidisciplinary research  is a  topic th a t cannot be adequately tre a ted  within this small 

space. Therefore, some reading m ateria ls th a t may enable in te rested  users of this 

Handbook to  continue their search for useful m ethods and ideas are  suggested below.

This chap ter itse lf has relied heavily on a unique source — a volume which 

complied and synthesized the views and expreiences of 107 distinguished researchers 

and scholars, all p a rtic ipan ts  in m ultidisciplinary team  research . This book, which grew 

out of a series of work conferences held in the  la te  1950's was the work of Dr. M argaret 

B. Luszki, who used tape  recordings of the  discussions betw een conference partic ipan ts 

as her source m ateria l. We believe this synthesis is especially im portan t because the 

researchers involved w ere aU from  the social and behavorial sciences and so were likely 

to be especiaUy sensitive to  the  various in terpersonal relationships which are  cen tra l to 

successful research  of this type. The book was Interdisciplinary Team R esearch— 

Methods and Problem s, published in 1958 by the  N ational Training Laboratories of the 

N ational Education Association under a  g ran t from the Public H ealth  Service. Using 

this volume, we have a ttem p ted  to  generalize from the  experience of these workers.
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combine it with our own, and make its advice more defin ite  and prespective  than those 

involved in the work conferences probably would wish.

R eaders of th is Handbook may also find useful the various ivritings of William -J. 

Gordon and of George P rice , both of whom were closely involved w ith the group and 
in terdiscip linary  problem solving technique called  "synectics.'' We recom m end their 

work not so much because we propose using the  specific  synectics approach as because 

we believe th a t they  o ffer considerable insight into productive ways of using groups of 

workers drawn from  various disciplines to help solve research  and p rac tica l problems, 

especially ones like those which this p ro ject addreses.

Finally, in thinking about com m unications betw een in terdisciplinary  research 

team  m em bers, we also have been influenced by the  work of T .J. Allen and S.I. Cohen 

who have exam ined the problem of com m unication in research  and developm ent groups. 

They, among others, have proposed the concept of the  ’’technological ga tekeeper,” a 

concept which we believe is im portan t to  the functioning of m ultidisciplinary research 
team s.
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7. CONCLUDING THOUGHTS AND OBSERVATIONS

The preceding sections of this paper have attem pted to set forth as simply as 
possible a series of guidelines that can be used by state and local government offices in 
the organization and carrying out of scientific research. It is fully recognized that each 
state and local government wiU adapt its own approaches to the need for new 
knowledge in pressing complex areas. Undoubtedly no two states or local governments 
wiU approach their research assignments in exactly the same manner. The guides 
contained in this paper should be used as a checklist as state  and local governments 
gear up to undertake scientific research.

The key actor is the translator or project director who must communicate to the 
scientific research team the nature of the problem and the political framework within 
which the issue is raised, and then communicate back to the political leaders the 
findings of the scientific team. This translator-communicator-interpretor function 
calls for a person who is comfortable in both the scientific and political policy-making 
worlds.

Simply, tossing a scientific policy-related problem to a university or a research 
institute will not work. Universities operate on a peer approbation basis, in a 
hierarchical fashion. Newly appointed associate professors need the approval of their 
peers on the disciplinary research they are undertaking in order to achieve tenure and 
to advance to the rank of assistant professor. The same thing can be said of the 
movement from assistant professor to full professor.

One Governor’s science advisor, himself a well established academician and 
interpretor-translator in the Governor's office, made the following observations on the 
assembling of the research team. Ideally, he noted, this multidsciplinary research team 
should be made up of one or more senior professors close to retirement or emeritus 
status, inasmuch as these people are at the top of their professions and don't face the 
peer pressure to do disciplinary research and to publish. He would then couple these 
senior people with fresh, newly minted Ph.D.'s who have not yet entered into the 
pressures of the academic world.

In short, his conclusions were that it is the people who make the team work not 
the institutions where the people come from.

The fact is that multidisciplinary research teams must be chosen with the utmost 
care for aU the reasons outlined in Chapter 6. What will be new to most researchers,
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and there is good chance that it can be an exciting experience, is the application of 
their research to public policy making at the executive and legislative levels.

The results of the first year's NSF State Science Engineering and Technology 
(SSET) study grants are beginning to come in. A recurring theme seems to be that 
Governors are looking to the establishment of mini-cabinets (made up of senior state 
officials and appointed representatives of the scientific community) to broaden the 
Governor's policy umbrella and policy presence. These developments are in response to 
the fact that governors' offices have been faced with an almost overwhelming necessity 
for the development of policy in new areas of concern, particularly over the last ten 
years. Most governors look at the utilization of Science and Technology resources in 
policy development as a more effective way of extending themselves over broader areas 
of concern.

The SSET report from the state of Oregon had this to say concerning the need for 
S(3cT capability:

Regardless of the management style of the Governor, information and 
advice are a critical element in the formulation and management of policy.
That information and advice ought to:

Be available within the time frame of the situation at hand; Be objective 
and avoid advocacy of any special client or philosophy; Appreciate issues 
from the Governor's perspective euid provide responses that are tightly 
focused; and Provide access to the best available resources, wherever they 
exist.

that:
Rhode Island’s SSET report addressed the Governor's time constraints indicating

As one of four states that has a two-year term for its Governor, Rhode 
Island's executive office must consider and develop policy, translate that 
policy into legislation, and organize a host of other functions in a very short 
time period.

Rhode Island's SSET project was designed to focus on:

1. An analysis of existing practices for the incorporation of science and 
technology information into Executive policy formulation;

2. The identification of the range and nature of the information sought;

3. The capabilities of both the public and private sectors to respond to 
both the scientific and sustaining informational requirements; and
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4. Tlie developm ent of a lte rnative  modes of organization th a t could assure 
the effective  and tim ely flow of inform ation into the office of the 
Governor.

The S ta te  of Maine concentrated  its SSET study on accessing science and 
technology to provide inputs into the policy-making process. The study em braced both 
the leg islative and executive branches. They conducted extensive intrviews and 

developed case studies of fif teen  biUs introduced into the  leg islature during the 108th 

session, which included substantial science and/or technological (SJcT) questions.

Their study employed a broad definition of "science" as a body of system atic 

knowledge incorporating the social, as well as natural, physical and engineering 
sciences. "Technology," they said, is the application of engineering in the design of 

m aterials, s truc tu res and processes to fu rther practical ends. They identified  some 

tw enty-six explicit S<JcT issue areas facing the executive branch.

Maine sum m arized the use of S&T inform ation in the Governor's office and 

executive branch, as follows:

The bureaucracy serves as only a partia l source of hard S&T inform ation, as 
outside consulting firms are the  la rgest contributors. This is due to the 
shortage of engineers and technologists in s ta te  governm ent, especially in 
the area of research. In ternal politics and lack of human resources
necessita te  the use of outside sources.

The problem with the curren t inform ation system is th a t S&T is not 
presented in a manner which the Governor can understand. Reports are 
o ften  too lengthy and complex, and not policy oriented in their presentation. 
Therefore, S&T inform ation needs to be translated  into concise, easy to 
understand term s, which will best support the decision process.

The study therefo re , recom m ended tha t: "A science advisor to the Governor 
could perform  the role of 'transla to r' and ensure th a t S&T inform ation is 
properly presented in clear and concise term s. A council of Science 
Advisors consisting of from five to seven senior scien tists was also recom
mended. It should m eet monthly, with the science advisor funneling
controversial item s to  i t  in agreem ent with the Governor. The advisor must 
deal with the more im m ediate, complex problems and determ ine research 
priorities. The university could also be used as a means of ge tting  the s ta te  
in touch with national experts when the s ta te  lacked the personnel 
resources."

Montana's SSET e ffo rt was in much the sam e vein. The s ta te  focused on ways to 
provide technical s ta ff support to  transla te  scientific  and technological inform ation to 

m eet the needs of s ta te  policy makers. On the other hand, the Florida SSET program

found th a t a review of the recently  com pleted S ta te  Comprehensive Plan (released
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February 9, 1978) indicated th a t fo rty -th ree  percen t (391) of the 919 policy recom 

mendations in the plan had a strong relationship with science, engineering and

technology, a fa c t th a t was not clearly  understood a t the tim e th a t the plan was
prepared.

The National Science Foundation's Local Government Program has established 

several experim ental innovation networks which aim to develop relationships between 

local governm ents and universities, Federal laboratories and other scien tific  and 

technological resources. The networks, based upon consortia of local governm ents in 

conjunction with the N ational Science Foundation, can aid in resolving complex

problems which are faced by local governm ents. The netw orks provide a  variety  of 

models for coordinative e ffo rts  betw een local and s ta te  governm ents, universities, the 

nonprofit and private sectors, federal laboratories and o ther en tities. They show great 

promise for effective  and meaningful interchange regarding the transfer of scientific  

and technological inform ation.

In A i^ust 1979, the U.S. House of R epresentatives C om m ittee on Science, and 

Technology, Subcom m ittee on Science, Research and Technology com pleted a special 

oversight report en titled  The Role Qf Federally  Funded R&U iu  Assisting Local 

Governm ents. The report was partially  based upon hearings held during the 95th 

Congress by the Subcom m ittee on Dom estic and International Scientific Planning, 

Analysis and Cooperation. The hearings, which were en titled  "The Role of R&D in 

Improving the Quality of Urban Life," addressed the existing and potentia l federal role 

in improving the innovative capacity  of local governm ents. The report presented some 

im portant conclusions and recom m endations emphasize a growing cu rren t federal 

concern and involvem ent in this area. The report developed the following major 
conclusions;

•  Increased productiv ity  and improved m anagerial perform ance by local 
governm ent is a necessity  in the face of increasing demands for 
municipal services w ithout the willingness to pay for such services.

•  Local governm ent o fficials a t  the hearings voiced a  desire to  utilize
scien tific  and technological resources to increase the productivity of 
th e ir organizations.

•  The cu rren t system  of science and technology sharing among various 
levels of governm ent is not adequate.

•  There is g rea t potentia l for improved productivity through the expan
sion of science and technology transfer programs.
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In the report, a number of recom m endations were presented which addressed 

these conclusions. In brief, these recom m endations call for:

1. An increase in the federal investm ent in R&D directed  tow ard resolving 
urban problems (in the range of an additional or red irected  $20 to $50 
million annually);

2. An urban research agenda which is equally responsive to  both federal 
and local needs through improved problem-solving capability a t the 
local level, and improved planning and program evaluation a t the 
national level;

3. Intergovernm ental and interagency coordination in the developm ent and 
im plem entation of the local research agenda;

4. Action to  coordinate the identification, c reation , dissem ination and 
u tilization  of local R&D through:

•  An ongoing national com m itm ent to local governm ent networks;

•  An assessm ent and selection of priority  local governm ent needs to be 
used in determ ining appropriate research agendas for federal agen
cies;

•  The allocation of additional funds to support ongoing effo rts  for 
interagency coordination;

•  The utilization  and involvem ent of federal laboratories, local govern
m ent public in te re st groups and the private sector;

•  The developm ent of an inform ational exchange system  to augm ent 
capabilities and communications;

•  The periodic evaluation of urban technology tran sfe r projects for use 
in fu ture funding decisions; and

5. Further investigation of the existing and potential roles for universities 
and the federal laboratories in creating  and providing technical know
ledge useful for solving local public problems.

These recom m endations generally underline and support the m aterials provided in 

this Handbook. This tim ely re ite ra tio n  of objectives and findings by a com m ittee of the 

U. S. Congress is an indication of a promising com m itm ent on the part of the federal 

governm ent to achieve coordination w ith and provide assistance for m unicipalities.

All partic ipants in these developm ents are the first to adm it th a t there is a long 

way to  go in;

•  Communication betw een the actors;
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•  Understanding problem solving;

•  Assessing problem s in term s of the potentia l contributions science and 
technology can make to public decision making and policy making; and

•  Development of meaningful and constructive, in te ractive  dialogue and 
understanding betw een political decision makers and the scientific  
com m unities of the country.

However, the congressional, federal agency, s ta te  and local effo rts  which have been 

described show th a t g rea t headway is being made in augmenting governm ental capabili

ties a t aU levels in the application of scien tific  and technological resources to  policy 

developm ent and public decision making.
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