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EXECUTIVE SUMMARY
I. Introduction

The American system of public and private development and transfer
of agricultural and food technologies is complex, varied, and changing.
To assist public decision makers to adequately understand and assess the
agricultural technology delivery system, the U.S. Department of Agricul-
ture-Science and Education prepared a prospectus in 1981 for a study of
"The Transfer of Agricultural, Food, and Related Technologies." After a
competitive award process, the Institute for Policy Research and Evalua-
tion, The Pennsylvania State University, was selected to conduct the
study.1 An Advisory Panel composed of representatives from public
sector and private sector research and technology transfer organizations
provided technical assistance and an on-going critique during the course
of the study. (The members of the Advisory Panel are listed in Appendix
A.)

This executive summary presents thé principal findings of the

Institute's study.2 The study addressed the following objectives:

1I‘he senior members of the study group were Dr. Irwin Feller
(Principal Investigator), Professor of Economics and Director, Institute
for Policy Research and Evaluation; Dr. J. Patrick Madden, Professor of
Agricultural Economics; Dr. Dan E. Moore, Associate Professor of Rural
Sociology Extension; Dr. Laura S. Sims, Associate Professor of Nutritiom
in Public Health; and D. Lynne Kaltreider, Research Assistant, Institute
for Policy Research and Evaluation.

~
“The full study report is presented in five volumes: Volume 1, A
Document-Based Review of Organizations and Their Linkages; Volume 2,
(Footnote Continued)




1. Examine public and private sector influence on and support of
technology development and diffusion in agriculture, food, and
related areas where the private sector and the consumer are the
primary users of the new technology.

2. Delineate the roles, responsibilities, activities, and rela-
tionships among the variety of organizations--public and pri-
vate, federal and state, research and extension--involved in
the development and diffusion of food, agricultural, and
related technologies.

3. Analyze how this complex operates in relation to current
theoretical understandings of technological innovation and
diffusion and the ways in which governments can facilitate
technology transfer.

4. Examine the mechanisms that technology development and
diffusion organizations employ to: (1) avoid, detect, and
minimize negative consequences of technologies, and (2) detect
and capitalize on positive consequences.

5. Provide a foundation for guiding food and agricultural
technology policies, including intergovernmental policy.

The study's principal subjects are public sector organizations--the
Agricultural Research Service (ARS), the Cooperative State Research
Service (CSRS), and the Extension Service (ES) within USDA, and the
state agricultural experiment stations (SAES) and the Cooperative Exten-

sion Services (CES) at 1862 and 1890 land-grant universities. It also

describes developments in other federal agencies, in state-supported

(Footnote Continued)

Surveys of Organizations and Their Linkages; and Research and Extension
in Human Nutrition, Food Science, and Home Economics; Volume 3, Review
of Previous Case Studies; Volume 4, Case Studies of Organizational
Linkages and Technology Transfer; Volume 5, Cverall Study Report:
Findings and Recommendations. This executive summary draws principally
from Volume 5.

The materials reported on in each study segment underwent extensive
review. The commodity and process research subsystem chapters (Volume
1) were sent to knowledgeable individuals within each field, and the
chapters reporting on interviews in the survey states and in federal
organizations (Volume 2) were sent to a number of interviewees from each
site to check the accuracy of the factual components of the chapters.




universities and colleges, and in the private sector. It discusses the
myriad ways in which the activities of these organizations interact with
those of the USDA/land-grant sector;

The report emphasizes two aspects of the long~term contribution
that public sector organizations have made to agricultural productivity
and other societal goals: (1) their ability to comprise an articulated
technology delivery system, linking research with technology transfer;
and (2) their ability to adapt their activities to changing external

environments.

II. Methodology

The study employed four mutually supportive approaches to identify
and describe the organizations, programs, processes, and factors that
link developers, diffusers, and users of agricultural and food tech~
nologies with those that support technology development and transfer.
These four approaches were:

l. A document-based review of organizations and their linkages.

2. Surveys of organizations and their linkages.

3. A review of previous case studies of the development and
transfer of technologies.

4. New case studies of organ%zational linkages in technology
development and transfer.

The relationships among the study segments are illustrated in Figure 1.

3The technologies selected for the six new case studies are:
(1) center pivot irrigation systems, (2) large round hay balers, (3) the
mechanical tomato harvester, (4) hybrid grain sorghum, (5) artificial
insemination, and (6) conservation tillage.
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The study included site interviews with federal officials, with
representatives of university systems in nine states, and with other
public institutions. At the federal level, interviews were conducted
with the officials and program leaders responsible for administering
research and cooperative extension programs within USDA and with program
officials in other federal agencies. The nine states (Alabama, Cali-
fornia, Michigan, Nebraska, New York, Texas, South Carolina, Utah, and
Vermont) were selected in consultation with the Advisory Panel to give
coverage by census regions, by organizational characteristics of land-
grant university programs in research and extension, and by several
economic criteria. In each state, interviews were conducted with
"decision makers" within the research and extension organizations of
1862 and 1890 land-grant colleges of agriculture, and with a varying
number of researchers, extension specialists, and county agents. Two
hundred and eighty-five of these interviews were conductea. During the
state site visits, additional interviews also were conducted with ARS
researchers located at or nearby the land-grant campuses. In additionm,
a telephone survey was conducted with persons involved in human nutri-
tion, home economics, and food science in the nine survey states.

Officials of firms involved in agricultural research and product
development were also interviewed. Firms were selected using two over-
lapping criteria: (1) their involvement in the development of ome or
more of the new case study technologies (e.g., the large round hay
baler--Deere, Sperry~New Holland, Vermeer; hybrid grain sorghum--DeKalb,
Pioneer Hi-Bred), and (2) their combined visibility both in agricultural
research and in representing the views of the private sector at the

national level concerning the future course of agricultural science and



technology policies (e.g., Pioneer Hi-Bred, Monsanto, DuPont).' This
approach led to a concenération on those firms typically regarded as the
"leaders" in their respective product lines, and those with larger
internal R&D programs than other firms within their respective indus-
tries. Additional interviews were conducted with farm equipment

distributors.

III. Limitations of the Study

The study's scope and methodology give it a wide coverage of the
agricultural technology delivery system. Still, the study has built-in
limitations. Its coverage is less global than indicated by the title of
the USDA study prospectus, as it covers essentially research and tech-
nology transfer oriented to agricultural production and human nutrition.
Its attention to research and technology transfer is not intended to
establish these activities as the only or necessarily most important
components of national or state policies concerning the food supply or
the economic and social well-being of American farmers and a world of
consumers. Important matters such as agricultural marketing and
resource economics lie beyond the scope of this study.

The study's focus on the research and technology transfer activi-
ties of public sector organizations does not constitute a complete
desc;iption of the missions, programs, or priorities of the organiza-
tions surveyed. The study's emphasis on the diversity and complexity of
the settings within which agricultural and human nutrition research and
technology transfer activities occur should serve as a built-in caution
against casual transfer of its general findings to specific settings.

Moreover, the breadth of the study's scope inevitably raises concern



over the "representativeness" of selected statements presented by inver-
viewees and used in this report to describe problems, trends, or

issues.4

IV. Conceptual Framework: Technology Delivery and Open Systems-

The study advances the concept of an agricultural technology
delivery system that encompasses the following activities: (1) the
delineation of research priorities, (2) the performance of various types
of research, (3) the conversion of research findings into economically
useful production practices and technologies, (4) the development of
ancillary information on the use of the practices and technologies that
accord with site-specific production settings, (5) the demonstration of
new research findings and new technologies to an initial set of users,
(6) the subsequent spread of the new practices to a larger set of users,
and (7) the iterative feedback of changes in research activities, adap-
tive modifications, and consequent changes in use patterns that follow
from use of the new practices.

Central to the context within which the findings of this study have
been analyzed is the open systems planning approach presented by Lipman-
Blumen and Schram. As noted by these authors:

A fundamental tenet of systems theory is interdependency. That is,

each component of the wider system affects and is influenced by

every other component. A "problem'" or a dysfunction in one part is

a '""message" to the whole system. A systems perspective suggests
that difficulty in any one component is a problem for the whole

4This concern has been addressed at several places in the report,
first, by indicating the nature of the disagreement among alternative
perspectives; second, by recourse to other findings germane to the issue
in question; and third, by making clear throughout the study the type of
evidence upon which statements are based.



system.
rather a reflection of the whole.

As in biological ecostructures, no unit is an "island" but
Sub-units within any one organi-

zation, such as Extension, CSRS, or ARS (within USDA), may inter-

act, communicate, negotiate and establish territory.

Adaptation is

the evolutionary response to environmental shifts, and likewise, in
systems, a redefinition may occur to meet new environmental
inputs.

V. Findings

The principal findings of the study, briefly stated, are as

follows:

The American agricultural research and technology transfer
system is complex and diverse.

Trends within ARS and the SAES system are towards a greater use
of formal planning.

Trends within ARS and the SAES system are towards a more basic
research orientation.

The need to maintain articulated relationships among the stages
of the technology development process, and accordingly, between
"research" and "extension" organizations, is accentuated by the
move to a more basic research orientationm.

Alternative performers of agricultural research and technology
transfer continue to emerge in both the public and private
sectors.

Performance and quality, perceived very differently by various
audiences and decision makers, affect resource allocation
decisions.

The political base for public sector research and techmnology
transfer continues to change, requiring officials increasingly
to "justify" as well as to "explain" the merits of the tradi-
tional system.

Change--in structure, leadership, and openness-—permeates much
of the traditional public sector.

5Lipman-Blumen and Schram (1983), The Paradox of Success

(USDA-Science and Education), p. v.




These findings are discussed more fully in the following sections:
(1) research--planning and coordination, (2) research/technology trans-
fer linkages, (3) human nutrition, (4) consideration of impacts, and
(5) public sector/private sector relationships. Although presented in
sections, the thrust of this study remainé the interdependency of its
findings, and of changes (and policies) among the events and organiza-

tions examined.

1. Research: 1Issues of Coordination and Direction

a. Complexity

For many general purposes, existing descriptions of the agricul-
tural technology delivery system's public sector component composed of
USDA (ARS, CSRS, ES) and the land-grant university system of state
agricultural experiment stations and cooperative exfension services pro-
vide a useful touchstone. Over time, however, these descriptions have
become increasingly less accurate in describing the many direct and
indirect ways in which interaction occurs hmong these and other compo-
nents of the agricultural technology delivery system. The research
system is far more open to both reinforcing and divergent pressures from
commodity growers, scientific associations, and state-level influences
than appears from more stylized descriptions. Similarly, the technology
transfer system is quite variegated in its forms and processes, as are
the ways in which research and technology transfer organizations inter-
act with one another.

This study documents the extent of the agricultural technology
delivery system's complexity and diversity. The system is complex in

its patterns of organizational cooperation and involvement; it is



10

diverse in that those patterns vary from one setting to another. It
also is complex in the number of organizations that fund and/or perférm
some aspect of research, aevelopment, or technology transfer. Specifi-
cally, the agricultural technology delivery system cuts across three
sectors: (1) the public sector, (2) the private sector, and (3) a third
sector, which iﬁcludes scientific associations, nonprofit institutioums,
and coordinating, advisory, lobbying, and educational organizatioms
(Figure 2). The organizational linkages among and within these sectors
were found to vary by commodity subsystem, such as dairy, cotton, and
vegetables.

Graphic examples of different conceptualizations of the U.S. agri-
cultural research system are provided in Figures 3 and 4. Figure 3 sug-
gests a co-equal rather than a hierarchial relationship between the
federal and state components of the public sector, as well as other
common poin;s of interest. It includes other research organizations as
well as organizations that speak on behalf of both agricultural research
and the research capabilities of their respective members. Figure 4
provides a somewhat different conceptualization of the system. Figure 4
is included to illustrate that (1) the system can be viewed from more
than one perspective, and (2) an entirely different perspective (in this
case, a commodity orientation) produces a conceptualization equall& as

complex as that in Figure 3.

b. Planning and Basic Research

The fuller accounting of interorganizational complexity and inter-

action used in this study suggests that discussions of the need for



11

SHOVVTINVIND @ SHINT VIS ()

o o

m.

...ﬂ@ﬂ oo OB D&

T

w01 jront ¢
JuTHEE N Lt b il

[ R —

SHOIINLIISHI 11 KIWON (3}

e o - e e o w— — ame am - e - o —— = em - == =

Llleitedd

imiin e | VImNN S i

IdU

0 WVl
ey MMiew NITIS
-sgiinge) vl ive

Pt Ay SUn
#OISSRITD ¥ WY b0
Weni WIg_weolive

SWOIIVIISVIN0 WD) IVIND O
*SN|AS000 “ANUSIAGY “9N|1VEITNGDY IV)

vyl
W A0 IvErYRg

Riwan)
WIIwD)

LA
Wil

ATISIGR 1IWENS M) 01 G

SMITYII00) IV RES JU0NNS ()

SWO11VII0SSY ARiSRORE G
*AJIOIAD) VS " 3ove) 1)

CEE)

SYISHONE 74 100MN) 1YWY

Jll1end 14|

¥01J723S OQY¥IHWLI 3IH|

¥01723S 3I1vaAal¥d 3IHI

¢ A4NO14

(umoys 3JoN suoflezjuedig pue s1031095 Suomy safenuy]) walsAg aajsuea] L3orouydy]
pue yoieasay [eani(natrady ayl uy panjoau] suofieziuedig jo sodL] pue S1031D235 Syl 03 IPINY [LIABUIY Y



COUNTY

STATE

i LT

~
- ! | bpiv. Agriculture |
— | o -‘- |
i | ricor|] |[Ecop] |[Escor]
o0 1 ] )
A R s—
= |
| |
! — — - 4 — et -~
_ _ 5% !
I e bo—-EE ]
W..m | | : 8 .m .m T ||||||||||||||| ny
g | —j 48 ® ® o
3 a t _ 99 ! seanl
Sg - - -------- I— = = === -1 84— 1T - Temmmynms ~ % SR
! Q qiyms R
3 I | | o | ] £
_ -4 . =L
oy E §g r-—-—-—-T - sRjITIedmoy — — — ~ ~ 7] o
i [T _ o ®
O W ® 0
TR is ! 2 38
u -——-38 W48 — —1— — —50e - - & -y
2 gel 1o _ 5 &3 P ’ 8 s
o3 g5 _ a8 | — 14 1y
> O oD | T - o
i 5 ! M !
K g3l b _ ! 2el _ !
LK) s 8= ! “ £8° & | |
o .0 o o O 9 _ | ! u H b !
»n | o0 _ ] Mw
m 2 ! aul-— - —- LA N
w8 ! m ! | ! 1 s g o |
283 sl | & E g |
(J2g8l ! 2 : ! _ " ab !
V¢ | | [ouvsin | 1 | I " - !
1 I | __
| _ (R T | S
I | | IS~ LS P w =R M. - - — — — — .I.l_ |—— - —— |..I.|.l_“
|||||||| i 1 —— t——r- 1 “ _ ! | - | T N
1 2 ] 1
| ?)u15/ [PUOTIEN guoTITTI088Y sdnoag
suojIepunog £138npui sdnoi1y AJjpoumo) RIS A SLIE] &2 3182123uU] 2719nd

suorjeziuedag Juaniyisuo) A3y Furpnyoul walsAg yosaeasay [eInI[NOTady jo OTIEWAYDS

£ J4N91d

TVI@Id



13

W0l vawno 3
— . VIS IN
. woiivownad Avinng STILISUTAIN
T 3::3.-.: | wwvs we | | vare
Viswrs T T I ]
sumiy
v . ~ewoiivis MIGNTING
...-.uu“w.cd 3.»-3 -a..e. —-.- — Rt
w193 w0 1SWILX3 =4 e mdtwov -1 ) ___ 11308808
wyuINoS -».:2.33 s | e e = e e = = !
|| e T - T
LRI e T .
miswvy -3 13FisETIE ! |
wwvy I “ev1 . “HVIS 1441351881W ShiiiseIAe ' B
B nqevisie ol i s _n.q.ﬂ.-dv L] ' i ‘ .
Ui Mo “ W01 330 ‘e .
15vIMIns R Lvied Moot Lo KL Tulngs winos MgV V3 -G ' :33.: ...!s:a. 19 MeINDY
an _ JNVISIN 19104 v 5 . | n.a: LM ® w1033
—_.1 1 ] SITLTSUIAINN A— ' C.S!. :.:.: S.: Su wlrove
19V
u— —z5iee n_n a.ﬂuuu“«- S TIsHIA I sy ]! o
st ev 1 .y 1 p PERIELSTY p e - - - - -
oI R wyevIsTe { .ﬁ, ...ﬂ:'s..L gﬁﬁ_l_ I ~ S
HIWYIS Y 1500004 TYEN] MILEIY . Ty i
| 33v3sia ey %011 00004 fot moa 2110ASL 139 ﬁ = | a3tveIninite [[wotivizoasmver
- [T
L_ | 1 992
e g e — —— “TRITIEY .
—.V.S_-!q ...... | sinmmvvem avis |
a::su au-l(zw STUVAOI
| .3:335:: 19NMaIN03 -3.
I 1

= '
LI . _ H
— | [EE | suy : @“wm [ el Ly _
'
1

|I|L T W10 '
_ T “ . e I o iy P23 |
—T) [T m.q_ ,ﬁn‘ _ Lo _.ll_Ml_l,_s_ Dot ' “ i
lIH_y - 1150w9vIG “sonmaw ] '
. B ' |
I T s e T e e "
_l.mwnum““ul a_:!.ﬂwumﬂiA_ (Cswossarond | [Coaremmiw | (v | | SS01LVI 0TV
[ ] 1 I J , T3em 1 m0ons ..a.:.muS.H_ TR
_l u.u:s.-_ — \ h!&hlw.s R W01 LvI 1103 _ 234 _
......... = = = = = = = = | anineen swimos m
P !
| 1
: ' (| B A 03
" et wrviis | ' e | (T |
1 s ' X LIS ! L
Lia) 0 _ [ K '
ni vasn [T M
T 1 ____1 ! e e ! — T -awiseawt
||||||||| " . " |H“iﬂ_u«wawﬂ —l wolLSYMHINOS
..“ﬁ.ﬁ!.u_ ' SR ioooNIve WAy ".......J.....Hd ' E @ | I
1llllut. = ! '
' ' : wianvoue
{nnoms’] [ ssrwomon |_ ' MIGN I 1 .- 1..mmm..-.mm.m““m~umﬂmm“ —-——- o | nasomad wvs -aves

||||||| *$9011¥13083V 13143138 _l - -

swo3sAsqng K3fpouwo) A13[nNO4 dY3l UT YdIeIS3Y 03 JUBASITAY suotleziuesdaQ

7 34NOI14



14

planning and coordination in the establishment of research priorities
are valid in the sense that the multiple influences on the system and
the multiple points at which decisions are made have the potential to
produce fragmented behavior. On the other hand, by not adequately con-
sidering the multiple sources of influence on research priorities, such
discussions are unrealistic concerning the degree of coordinafion that
can be exercised by USDA or any other federal agency. Earlier treat-
ments also tend to overlook the degree of coordination already generated
by the direct and indirect communication among the constituent organiza-
tions and their iterative accommodations to one another and to common
external influences.

The complexity of the agricultural research system also raises
questions concerning the operational content of USDA's leadership role
in the federal-state system. The study suggests limitationss in USDA-
S&E's ability to lead or to coordinate the activities of'the state
system outside of direct control over its own laboratories and personnel
and control over federal pass-through funds.

This study reports on trends within ARS and the SAES system towards
a more basic research orientation and greater use of formal planning.
This is clearly apparent in ARS's Six-Year Plan, but also is found in
the movement towards more formal planning in several of the state agri-
cultural research systems surveyed.

The commitment towards planning and towards a basic research orien-
tation by the land-grant universities reflects influences quite indepen-
dent of considerations at the federal level and those voiced in General
Accounting Office and related reports. It reflects the views of

research administrators and faculty in colleges of agriculture that
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scientific advances have opened new possibilities of generating basic
knowledge relevant to agriculture and fhat land-grant university person-
nel must be included in such research, both to maintain standing among
their disciplinary peers or institutional rivals and to serve the needs
of the producers in their state. The move towards planning also
reflects the infusion of new leaders, recruited both from within and
without the experiment station and cooperative extension system, some of
whom have had prior experience with planning. More generally, the com-
mitment towards this activity reflects the fact that planning has perme-
ated administrative circles in a wide variety of public and not-for-
profit organizations.

The independent adoption of more formal planning procedures in both
ARS and the SAES system suggests that coordination and planning between
USDA and the SAES system are lessdcritical issues today than in the
past. The system is "linked together" in the openness and the frequency
of interaction between the federal and state organizations and in the
openness of the various state systems to multiple but common influences.
The study also suggests that planning is not a frictionless activity,
but one that at times creates new difficulties within ARS and the SAES
system, between them, and between the experiment stations and the
private sector.

In spite of the recent thrust towards more disciplinary or basic
research, there remains both within ARS and the SAES system, a commit-
ment to the concept of problem-solving or targeted research. That is,
the increased commitment to basic research is justified in terms of its
promise of ultimate application to improving agricultural production and

human nutrition.
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As a consequence of the actions taken by ARS and the SAESs, there
appears a renewed credibility to the agricultural research community's
contention that agricultural research is a mission-oriented undertaking,
and that it is necessary to programmatically and organizationally link
disciplinary or "basic" research with more applied research undertakings

and with technology transfer activities.

2. Research/Technology Transfer Linkages

Maintenance of an articulated set of relationships between the
research and the technology transfer-related components of the overall
agricultural technology delivery system requires that organizations
adjust their activities to fit (1) changes in their respective external
environments (e.g., clientele demands, scientific advances), and
(2) changes in the activities of other organizations_in the overall
system.

In particular, the futures of public sector research and extension
organizations are interconnected. Unless changes are made to maintain
strong links between research and technology transfer components, it is
likely that both segments (and associated organizations) will suffer.
Public sector research organizations will suffer, for example, if basic
research activities are emphasized to the detriment of the more client-
oriented applied research needed to justify continuing levels of public
and-political support. The debates of the 1960s and early 1970s con-
cerning the public return from its investment in R&D clearly demonstrate
that mission-oriented research must be linked to research utilization/
technology transfer programs to maintain continuing public support.

Although public funding to support basic research in agricultural
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biotechnology can at present be justified in terms of "science" alone,
past experience sﬁggests that potential "pay-off" is never absent from
the executive or congressional bottom-line. For its part, without links
to new research, the technology transfer component will suffer because
of accelerated obsolescence, which erodes the productivity of the
information and technical assistance it offers.

The increasingly basic research orientation of public sector
organizations is a new pull on the maintenance of articulated links
among the stages (and organizations) in the agricultural technology
delivery process. Although the study's description of recent changes in
the research orientation of ARS and the SAES svstem highlights the need
to maintain articulation among components of the system, it notes that
it is not the surge of interest in basic research alone that creates
this situation. Agricultural researchers, extension administrators and
personnel, private industry representatives, and observers of the evolu-
tion of agricultural research and extension organizations have identi-
fied many factors that have served to blur traditional roles and
relationships. These factors include: (1) the increased technical
complexity of agricultural production, (2) the increased importance of
large-scale farms operated by technically-trained managers, and (3) the
increased number of private sector suppliers of technical information.

Interactions among the changing characteristics of producers, the
technical orientation of research and extension personnel, the nature of
the technologies being developed, and the R&D intensity of agricuiture
in a particular region are too numerous to prescriptively ihentify and

assign responsibilities to in this changing situation. The study

reveals very dissimilar services being performed by agricultural county
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agents, specialists, and researchers across the country, with each
reported as suitably serving the needs of producers in a particular
region.

Interviews with persons both within and outside the land-grant
universities do suggest, however, that farmers and other clients are
turning increasingly to extension specialists and researchers at the
land-grant university instead of to county agents for answers to agri-
culture technology problems because of the increasing complexity of
agriculture. In virtually every state, there was concern about the
mechanisms that draw research and extension together.

The keystone to this concern appeared to be the role of the exten-
sion specialist. In those land-grant systems that pride themselves on
basic research, we observed that the extension specialists were more
likely to find themselves in the role of applied researchers. The
specialists were heavily influenced by academic standards including
publication of research results in refereed journals. The specialists
and their administrators viewed such publications as important for
promotion and tenure decisions. In other states, extension specialists
served essentially as technical consultants to both agents and produc-
ers, heavily taking on service roles, e.g., drafting drawings of irriga-
tion systems. They transmitted already known state-of-the-art knowl-
edge; they were only marginally involved either in their own research
problems or in disseminating emerging findings.

These and other changes in the underlying knowledge basis for
agricultural production also are affecting the roles of county agricul-
tural agents. Many of the functions traditionally associated with the

county agent are performed by producers themselves (or by staff within
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corporate farms) as the producers' own educational level enables thep to
search out information from multiple sources including the university,
trade associations, commercial vendors, and other components of the
private sector. At the same time that the county agricultural agent is
under pressure to remain technologically sophisticated, a variety of
other .pressures exist concerning the agent's roles that derive from
clientele and extension missions that may lie outside the agent's tradi-~
tional agricultural technology transfer role.

Our surveys served largely to confirm traditional verities concern-
ing the functions of county agents: agents transferring and interpret-
ing to growers the most recent findings from their experiment stations;
agents passing on to researchers questions arising from producers con-
cerning whether local veterinarians are following the most modern proce-
dures; agent§ helping to organize trips to farms in neighboring states
where practices dismissed as impractical by experiment station research-
ers in their own states are in productive employment; agents assisting
researchers to obtain the cooperation of producers in field tests;
agents organizing field days at which specialists and researchers
present or demonstrate their latest findings; and agents undertaking
their own research projects in order, among many reasons, to adapt more
general findings to local needs or to address problems not being
addressed by researchers elsewhere.

Also identified were several less visible roles for county agents--
serving as an informal technology transfer link between growers and ARS
researchers at field laboratories; s;rving as a link between commodity
marketing order boards and university researchers in defining projects

that combine scientific interest and commodity~-specific relevance; and
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serving as an "objective" reference when producers seek confirmation of
information provided to them by salespeople or private consultants.
Aggregated, these activities highlight how extension has contributed to
increases in agricultural productivity.

Researchers, extension specialists, and county agents continue to
perform at times in quite traditional ways. But relationships among the
actors also have changed in many different ways in response to changes
in the characteristics of agricultural production technologies and in
the structure of agriculture. In some states these changes involve a
repositioning of the functional activities of each of the actors. In
these states, as researchers have moved towards a more basic research
orientation, extension specialists and county agents have moved into de
facto problem-focused research.

Other AErangéments used in various states to achieve articulation
between researchers ;nd extension activities include joint research/
extension appointments and organizational strategies such as regional
centers housing research and extension personnel. In such regional
centers, the extension specialist has access to ongoing research, while
the researcher is kept aware of multiple growing conditions for which
specific research findings may be needed; the system can then communi-
cate these findings to county agents. The intent is to link research
and technology transfer activities in reaching producers and to remove
administrative barriers that segment research and extension activities.

‘Clearly there are many combinations within these archetypes.
Again, given the diversity of agriculture across the country and the
many different historical patterns concerning roles and relationships,

it is not possible to say where individual systems will locate
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themselves on any sort of continuum or where a total system positions
itself. Nor is it apparent that an organizational strategy that has
evolved successfully in one state's cultural, political, and natural

environment would succeed in other states.

3. Human Nutrition Research and Technology Transfer

Several organizational patterns, some reported on in earlier
studies, some identified in this study, hamper linkages between research
and technology transfer in the field of human nutrition. Moreover,
recent changes in the research orientation of ARS, while planned
responses to influential criticisms, may have the effect of further
attenuating ties between the priorities of human nutrition redearchers
and those involved in developing programs based on new research findings
or in educating consumers and households about human nutrition. Final-
ly, the combination of pre-existing patterns of relative federal agency
roles in the support of human nutrition research, the organizational
difficulties of linking research and technology transfer across several
units, and the recurrent if muted issue of the priorities attached to
human nutrition research within the SAES system point to the formidable
task facing USDA if it seeks to establish itself as a more important,
and indeed, the lead federal agency in the field of human nutrition.

Earlier studies contain convergent findings concerning the frag-
mentation of support for human nutrition research among and within
federal agencies. In general, allowing for reservations concerning the
comparability ;f data across agencies, the Department of Health and

Human Services, through the National Institutes of Health, supports

approximately 3% times as much research on human nutrition as does USDA.
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Within USDA, the responsibility for research, extension, and information
on human nutrition is widely distributed. Intra~ and inter~-agency
coordinating committees exist, but their influence on programmatic
priorities is unclear. More pointedly, based on interviews with partic-
ipants in other parts of the system, it is not apparent that existing
mechanisms would be sufficiently effective to support a larger (and more
assertive) USDA role in human nutrition. During the course of this
study, efforts were underway within USDA both to increase the importance
attached to human nutrition research, and to redirect this research
towards more basic research questions.

This study finds serious gaps in the chain connecting researchers,
extension specialists, and county agents in the field of human nutri-
tion. Part of this lack of connectedness relates to the heterogeneity
in the field of human nutriti;n it;elf ﬂé.g., food science, human nutri-
tion, home economics), which is compounded-by variegated responsibili-

.ties and arrangements for organizing human nutrition research, tech-
nology transfer, and educational programs in the lané-grant universi-
ties. Further serving to loosen ties among the components are the
limited funds, as perceived by researchers in human nutrition, available
to them through the state experiment stations or through USDA, which
leads them to seek support from other federal agencies. The lower ratio
of nutrition‘specialists to county agents relative to agriculture is
perceived to limit the two-way communication of research findings and
research needs between exteﬁsion specialists and county agents.

These existing difficulties are likely to be compounded by recent
changes in the research orientation of ARS and the SAES. Changes in the

research priorities of ARS and the SAES system may be appropriate both
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in terms of the long-term potential benefits of the scientific findings
they produce and as use£u1 responses to external critics concerning the
character of the research performed'by tﬁe traditional public sector
organizations. They may, however, in the short run at least, aggravate
the difficulties that applied researchers, specialists, and county
agents have in responding to the programmatic needs of their clients.

This prospect clearly is not what is sought by ARS, which has
assigned high priority to human nutrition research in its new plan.
Recognition of this potential problem is apparent in a series of studies
recently funded by ARS and CES concerning the flow of information
between researchers and extension personnel. Over time, however, it is
likely that a more effective integratioh of research findings into the
programmatic activities of cooperative extension will require changes in
the organization of human nutrition/home economics/food science programs
on university campuses. .

4. Incorporation of the Assessment of Impacts into Agricultural
Research and Technology Transfer

The study included interviews with representatives of various
public interest groups, who, in some instances, have widely different
perépectives and assessments of the system from those articulated by
participants in the agricultural R&D system. Not all of the representa-
tives ‘of public interest groups interviewed were critical of the system, -
but the vast majority were. Common themes recurred. Many view the pri-
mary clientele of the system as wealthy farmers, agribusiness chemical
and machinery corporations, and other nonfarm interests, who, according

to this group of critics, are able to exert strong leverage on the

mission and priorities of the system. Furthermore, it is alleged that
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researchers develop a vested interest in ignoring the ecological impacts
of toxic chemicals, and that no incentive exists within the system for
researchers to find economically and environmentally sound methods of
conserving and enhancing the productivity of the nation's natural and
human resources.

According to some public interest groups, cooperative extension,
and the land-grant system in general, have led farmers into a highly
energy~intensive technology, encouraging gross overproduction of certain
crops, leading to regional specialization and regional dependency. Per~
haps the most severe criticism encountered was that extension pretends
to be the friend of all the farmers, but in reality it is contributing
to the demise of many: by enhancing the cqmpetitive position of larger
farms, it undermines the smaller ones; by encouraging all to use highly
capital~intensive methods, extension becomes an advocate ;f technology
that is inappropriate and financially ruinous for many of the smailer
farms.

The problem of reconciling differences among diverse groups of per-
sons with diametrically opposite positions on policy issues is extremely
complex, involving clusters of beliefs, priorities, and goals.

Mechanisms used to reconcile conflicts regarding agricultural
research and extension priorities and methods include lawsuits, publica-
tions by critics, the political process, recruitment policies, public
policy education, and advocacy by professionals within the system.

Interviews with research administrators, researchers, and extension
personnel suggest that priorities and programs are being changed. The
interviews suggest a recent increase in attention to production tech-

niques that promote a more sustainable agriculture and reduce
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environmental damage. This trend is most clearly seen in the growing
research interest in conservation tillage and integrated pest manage-
ment. Again, chains of influence are difficult to detect. Enhancement
of research interest in these techniques is as readily explainable in
terms of desire for more profitable farming methods (in view of rising
energy'prices and declining effectiveness of pesticides) as in concern
over, or submission to, the agendas of public interest groups.

The traditional pattern of interaction between county agents and
clients also may serve to heighten interest within extension (and thus,
indirectly, within the research community) toward a broadening set of
impacts. It has been suggested that the questions asked by "back-to-
the-~land" small farmers and home gardeners differ from those asked by
extension's more commercially orienﬁed clientele, and that these ques-
tions have induced extension personn%l to seek out information compati-
ble with the "regenerative agricultural perspectives" of these clients,
and to publish this information in popular publications that cater to
this audience.

Some observers also see the new emphasis on accountability and
evaluation within ES and CES as serving to lead it toward giving
increased consideration to the social consequences of its work.

5. Relationships Between the Public and Private Sectors in Agricultural
Research and Technology Transfer

Relationships between the public and private sectors in agricul-
tural research and technology transfer are changing. Two obvious recent
changes in public sector/private sector relations have been in the

funding of research and in the character of the incentives for private

sector research. The trend has been towards an increase in the relative



role of the private sector, which is variously estimated to account for
about 65 percent of all agricultural research. Changes in property
rights also have affected public sector/private sector relationships.
The Plant Variety Protection Act of 1970 and the 1980 Supreme Court

decision in Diamond v. Chakrabarty on the patentability of micro-

organisms have expanded the domains of knowledge over which property
rights can be established.

The patterns of relationships between the public sector and the
private sector are varied and intricate, a product of the evolution of
relationships between organizations and individuals that reflect legal,
political, economic, and persomal ties. This complex pattern is inter-
woven by the range of specific technologies--seeds, fertilizers,
harvesting equipment--as well as "farm practices,” "know-how," or
"agronomic- information" included withiﬁ the broad concept of agricul-
tural production techniques. There is a paucity of analytical treat-
ments as to what these patterns include ex;ept for generalizations on
roles in research fields. There are few studies that describe the
institutional character of the relationships between the public/private
sectors.

Existing paradigms of the respective roles of the two sectors,
while valid under certain prespecified conditions, do not capture the
changing relationships between the sectors. For example, our case
studies illustrate that vast changes in roles occur during the techno-
logical and economic life cycle of specific technologies. Changes in the
commitments of private industry to research and technology transfer are

likely now to move what are already blurred boundary markers concerning

relative roles.
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Industry has increased its total commitment to agricultural
research, and in the case of some large firms has demonstrated its will-
ingness to invest in basic research activities of a type and scale that
formerly were undertaken only by the public sector. Firms also appear
to be increasing the scale of their technology transfer activities. 1In
particular, firms that have invested in basic research in seeking to
fully develop the markets for their activities will engage in technology
transfer activities commonly associated with the activities of the
public sector. New firms specializing in agricultural information
services also are appearing.

It is unclear at present which sector has the better mix of incen-
tives or organizational characteristics for performing either in the
aggregate or.for various fields, be these broad classifications such as
animal or plant agriculture, commodities, or even different product
lines. Lacki;é any certainty as to the roles of the public and private
sectors, it is difficult to track through their future relationships.
Multiple points of connection seem probable, some reflecting delineation
of activities according to property rights or market size, others relat-
ing to the differential competencies of organizations, and yet others
relating to political or idiosyncratic factors.

Interviews with private firms and at land-grant universities point
to considerable differences in the views held by each sector concerning
which is the organizationaliy superior performer of basic research in
biotechnology. Again drawing mainly on interviews with the larger, R&D-
intensive firms, industry believes it is better situated to support and

maintain long-term basic research programs because (1) it is better able

to pull together the interdisciplinary teams needed to develop an
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integrated research and technology delivery activity, and (2) it is able
to have a longer term perspective, not being constrained by the need
that university researchers have fo; publishable short-term results to
satisfy promotion and tenure committees.

Based on interviews with those land-grant institutions that have
already established a biotechnology capability, universities see them-
selves as having this long-term research capability. They are aware of
industry's current commitments and of the statements of industrial
leaders concerning their basic research capabilities, but they remain
skeptical as to whether the 8- to l10-year commitments can, in fact, be
maintained within the private sector before bottom line, short-term,
market-driven imperatives take over. Interviews with industry trade
association representatives provide some support for this skepticism,
suggesting that some major firms are already beginning to comprehend the
level of effort needed to surmount basic research questioms, and_accord-
ingly, are pulling back somewhat on their support of basic research or
are quickly channeling their research efforts to a smaller number of
commercially promising lines of inquiry.

The anomaly at present is that amidst this uncertainty concerning
relative roles, one can point to certain problems generic to the
activities of both sectors. Neither sector seems to have fully worked
through the question of the product development/technology transfer
aspects of biotechnology research. In the private sector, the emphasis
on basic research appears so strong and the findings to this point so
few that considerations of product development and commercialization are
premature. In the land-grant sector, the division between research

activities and extension appears as an organizational convenience for
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not anticipating the changes in the roles of researcher, speciaiist, or
county agent that may be required to use biotechnological innovations
commercially.

At the federal level a similar question exists. ARS is simultane-
ously trying to strengthen its basic research capability and beginning
to consider an expanded technology transfer role, in part in response to
the provisions of the Stevenson-Wydler Act and in part in respomse to
recurrent congressional pressures on ARS to demonstrate the transfera-
bility and applicability of its research findings.

Most analytical and policy discussions concerning the relative
roles of the public and private sectors in the agricultural technology
delivery system relate to research. But the more significant changes in
relative sector roles may be occurring at the technology transfer/infor-
mation dissemination stages. The role of the intermediaries between the
manufacturer and the farmer is perhaps the least frequently examined of
all the relationships in the agricultural research/technology transfer
system. The emergence of feed, seed, fertilizer, and machinery salesmen
or representatives as suppliers of technical information to farmers, as
alternatives to cooperative extension, has already been noted. The
study suggests that tﬁe private sector supply of technical information
is becoming more prevalent, but it is not possible from this study alone
to test its relative importance.

This lack of a "baseline" prevents highly precise statements con-
cerning the rate or magnitude of change. It seems apparent, however,
both from industries' descriptions of their activities and from accounts
of what they are beginning to do, that industry is more actively

involved in communicating directly with producers concerning the
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characteristics of their products, not simply in promotional material
that emphasizes static performance specifications, but also the outcomes
that can be expected from use of their product under alternative
production conditions. It appears that those firms that emphasize the
innovative, or R&D-intensive, charac¢teristics of their products are
"coupling” or "bundling" a product package in which they sell both the
core technologies, e.g., the seed or the herbicide, and information con-
cerning the best uses of the product. From the manufacturer's perspec-
tive, provision of technical information is a necessary complement to
selling the new technology. The success of such products in the market
suggests that a market for information exists and that once suppliers
have organized the market, buyers are willing to pay the requisite
price. In this respect, the information that industry is offering
begins to resemble that traditionally supplied through the SAES-CES
system. It represents a situation in which there has been a privatiza-

tion of what formerly was publicly supplied knowledge.

VI. Policy Options for USDA-Science and Education

The study outlines three broad approaches to the future activities
of USDA-Science‘and Education. These options are presented as a frame-
work within which the long-term programmatic effectiveness and political
viability of current incremental changes by separate agencies can be
considered. Presentation of these options reflects our view that con-
tinuing systemic changes exist within which public sector agricultural
research and technology transfer organizations function, and that these
changes--principally the concentration of production in fewer and larger

units, the increased level of technical sophistication on the part of
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producers, the increased level of private sector activity in both
research and technology transfer, and the emergence of altermative
public sector performers of agricultural research--cannot be satisfac-
torily responded to by incremental responses to specific criticisms or
challenges alomne.

For simplicity we have labeled these approaches: maintenance,
incremental change, and fundamental change. Option 1, Maintenance,
implies no major change in the trends observed in the level and type of
activity performed by the agencies in the public sector of the agricul-
tural technology delivery system. Where recent trends have occurred,
Option 1 assummes these trends will continue. Option 2, Incremental
Change,'implies a modest increase in the public sector's level of
activity, and moderate changes in the organizational linkages and
mandates of the various agencies. For example, we assume under Option 2
that existing public organizations will continue to exist. Option 3,
which we call Fundamental Change, describes major departures from the
current system. The implications of each of these options for each of
the research and extension agencies within USDA-S&E, i.e., ARS, CSRS,
and ES, are discussed in Volume 5.

Permeating our discussion of the three options is the theme of an
integrated technology delivery system in which specific organizations
perform separate but linked roles. Paramount to any consideration of
the feasibility or desirability of these options is an organizatiomally
effective means of analyzing these options and presenting the case for
specific recommendations. Probably the single most important organiza-
tional issue within the study is the need for an integrative perspective

and voice within USDA, first, to organize its own activities, and then
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to work with other organizations, starting with the land-grant univer-
sity system and other federal agencies, in identifying how changes in
each sector impact upon one another.

Another underlying theme of this study is the need for a restate-
ment of the social benefits of the activities performed by publicly-
supported agricultural research and technology transfer organizations.
While deriving from past performance, this restatement must be rooted in
the fundamental concepts of the unique role of public sector organiza-
tions; the necessity for maintaining high degrees of programmatic
articulation among basic research, applied research, adaptive or
developmental research, demonstration and dissemination; and the rela-
tive efficiencies of specific public sector organizations. It must be
grounded in an analysis of public sector/private sector relatiomships
that considers the two as joint actors, each having specific character-
istics and specific domains, but as shown in the case studies, with high

degrees of complementarity between their activities.
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