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Norway: Small Country Plans
Civil Science and Technology

Experience suggests how cooperative applied science

programs can be linked to national goals and needs.

James Brian Quinn and Robert Major

A 2V -year project to develop co-
ordinated, long-range plans for a major
portion of Norway’s civil science and
technology programs has recently been
completed. This exercise, undertaken
by the Royal Norwegian Council for
Scientific and Industrial Research
(NTNF), illustrates many of the prob-
lems and opportunities of such plan-
ning in a small country (Norway’s pop-
ulation in 1970 was 3.9 million).

Norway’s situation regarding science
and technology is similar to that of
many other countries. Norway has lim-

Dr. Quinn is Nathaniel Leverone professor of
management, Dartmouth College, Hanover, New
Hampshire 03755, and a consultant on long-range
planning. Mr. Major is director of the Royal Nor-
wegian Council for Scientific and Industrial Re-
search, Box 279, Blindern Oslo 3, Norway.

172

ited scientific and technical manpower
resources—some 9000 degree-holders
primarily engaged in research and de-
velopment (R & D)—yet it must com-
pete in its major export markets with
large, technologically advanced coun-
tries. Norway’s industrial structure con-
tains few large companies, but many
small ones. Consequently, government
and private industry must cooperatively
support R&D in many fields. Even so,
Norway must, of necessity, import
most of its scientific and technological
knowledge. Since its natural resources
are already being extensively ex-
ploited—except for recently discovered
hydrocarbons in the North Sea—Nor-
way must depend on knowledge indus-
tries for future economic growth. Like
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many other countries, Norway faces
the modern challenges of continued
economic growth, maintenance of a
good quality of life in its cities, and
enlightened development of its exten-
sive rural areas. Sophisticated applica-
tion of science and technology will be
necessary to attack these problems.
Norway’s approaches and experiences
could be of interest to many.

Structure of Norwegian

Science and Technology

Total expenditures for R&D in
Norway were about 1100 million kro-
ner in 1971, or approximately 1.2 per-
cent of the gross national product.
Table 1 shows how expenditures for
R & D in Norway are distributed among
sources of funds and performing in-
stitutions.

To stimulate and coordinate R & D
in nonmilitary fields, there are three
research councils: the Norwegian
Council for Science and the Humani-
ties, the Norwegian Agricultural Re-
search Council, and the NTNF. Their
activities cover . virtually all subject
areas except defense. The councils ad-
vise the ministries concerned with their
respective fields, supervise certain re-
search institutes, finance research proj-
ects and research capital needs, provide
scholarships, and advise on education,
training, and recruitment of scientific-
and technical personnel (I).
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The NTNF

The NTNF was founded by a Reso-
lution of Parliament in 1946 (2). It
was established as an independent in-
stitution related to the government
through the Ministry of Industry. The
NTNF is financed by direct govern-
ment grants, by receipts from the na-
tional football pool, and by contracts
from industry and others (Table 2).
The council itself consists of 30 mem-
bers, with about equal representation
from government departments, indus-
tries, and institutions performing re-
search. The council has a six-man
executive committee and some 20
advisory committees for various spe-
cialized fields.

The NTNF supports R&D activities
for manufacturing industries, building
and construction industries, shipping,
transportation, communications, and
various government functions such as
town and regional planning and de-
pollution. There are currently some 16
institutes affiliated with the NTNF cov-
ering these fields. But NTNF funds
also help support research projects in
universities, other applied research in-
stitutes, and industry.

In 1972, the NTNF spent some
168 million kroner on R & D; this ex-
penditure represents an average annual
growth rate of 14.4 percent (including
atomic energy research) in recent
years. These funds are extended con-
siderably by industry and internation-
ally sponsored research at institutes
(82 million kroner), joint industry-
government support of individual pro-
grams, and private companies spending
their own funds to complete the devel-
opment of successful research programs
started with NTNF support. Supported
scientific-cadres further extend the im-
pact of research funding through in-
formal consultation, lecturing, evalu-
ating foreign technologies, and other
forms of participation in public life.

Long-Term Planning

At an early stage of the NTNF’s
development, grants were issued largely
in response to specific proposals by
individual scientists, groups, or insti-
tutes. While satisfactory for smaller
scale operations, this practice led to
fragmented programs, a myriad of
small projects, and an orientation to-
ward short-term projects. In the mid-
1960’s, the NTNF initiated a planning
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Table 1. Expenditures on
types of institutions.

R &D in Norway in 1971, distributed by sources of funds and

Sources of funds

Institutions Govern- Industry Foreign Other Total
ment (%) (%) (%) (%)
(%)
Universities and colleges 95 1 1 3 32
Research institutes
Government institutes 95 1 1 3 14
Institutes of research
councils 74 17 8 1 12
Other institutes 45 40 2 13 10
Industrial laboratories 11 86 2 1 32
Total 61 34 2 3 100

procedure that was primarily qualita-
tive in nature. In 1969, it was recog-
nized that the NTNF’s growing scale,
complexity, and impact required more
formal and quantitative planning. The
NTNF saw a need to: (i) take a longer
term view, anticipating major scientific
opportunites and technological threats
in time to take effective action; (ii)
blend fragmented projects into higher
impact programs; (iii) balance these

- programs into a strategy for each sector

and the NTNF as a whole; and (iv) be
able to demonstrate specifically how the
NTNF program supported national
goals. A long-term planning program
was established to accomplish these
aims.

From the outset it was recognized
that the planning procedure had to be
decentralized in order to involve both
research performers and users actively
in the planning process. This was con-
sidered essential for both realistic plans
and their implementation.

The total of NTNF activities was
divided into some 21 sectors, represent-
ing specific industries, problem areas,

-or horizontal support fields (3). Each

sector had a planning committee, most
of which had already existed as ad-
visory committees to the NTNF. These
committees contained industrialists,
government leaders, and scientists
knowledgeable about the particular
field. Committee chairmen were widely
respected executives who usually oc-
cupied full-time positions in business
or government. Each committee had a
staff head (secretary) who could de-
vote the greater part of his time to the
committee. Secretaries typically came
from the NTNF administrative group,
an institute, or an industry group that
sponsored substantial work with the
NTNF. The committees were coordi-
nated by a planning secretariat within
the NTNF administration.

Planning activities were divided into
five phases: phase 1, perspective analy-
sis; phase 2, obtaining goal perceptions;
phase 3, establishing programs and
priorities; phase 4, allocating resources;
and phase 5, final report and follow-up.
Each of these is briefly described and
analyzed below.

Phase 1: Perspective Analysis

Each committee attempted to define
during phase 1 (November 1969 to
June 1970) the most important tech-
nological changes its sector was likely
to create or face during the 1970’s.
These included the most probable op-
portunities, threats, trends, or impacts
posed by science and technology within
that sector. Committees considered
available economic and social forecasts
as a backdrop for their perspectives.
They then decided what specific tech-
nological forecasts were needed, agreed
on the best authority for each forecast,
and specified the assumptions and for-
mat needed to make the forecasts com-
patible. Actual analyses and forecasts
were commissioned or assigned to
knowledgeable individuals or groups.

Based on these studies, each com-
mittee drew up a formal perspective
analysis report at the end of phase 1.
Some of these are quite strong; among
others, those on electronics, metallurgy,
and transport. In general, however,
phase 1 was the weakest portion of the
exercise. Some reports dwelled too long
on descriptions of the existing struc-
ture of the industry. Others only pro-
jected generally available economic
data and raised well-known cost, trade,
or political issues that faced the sector.
In still others, there was too little con-
crete forecasting of specific technologi-
cal parameters, possibilities, or threats.

Problems in phase 1 derived from
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several sources. Perspective analysis is
perhaps the least structured and in-
herently most difficult process in
long-range planning. The planning
committees had no prior experience
with this kind of analysis. Foreign
consultants offered some seminars and
training sessions, but no expertise was
then available within the NTNF to
guide the <committees. Because the
NTNF administration became over-
burdened, training sessions were begun
late and it was difficult to supply guid-
ance as issues arose later in phase 1.

Working committees encountered
other difficulties. Knowledgeable pri-
vate sources were understandably re-
luctant to share information that had
been developed at significant cost or
that was of great competitive value to
themselves. Companies would not, of
course, disclose to the public or to
competitors the most exciting of their
perceived opportunities or the most
serious of their competitive threats.
And with staff support limited, the
part-time nature of committee partici-
pation often militated against the depth
of analysis needed. Whenever desirable
and feasible, special studies were com-
missioned with institutes or consulting
groups.

Nevertheless, at the end of the exer-
cise virtually all committees evaluated
phase 1 as an essential process. The
following quotations (by K.-E. Knudsen,
chairman, Continental Shelf Division,
and H.-P. Klemnetsen, secretary,
Automation and Data Processing Com-
mittee, respectively) suggest the most
commonly perceived benefits:

Phase 1 was important to free up our
thinking; to make us think about possibil-
ities, not existing programs. It is important
to politicians and society to know that we
have done this.

An essential step. We never would have
arrived at our framework without it. We
needed to get back and think about our
whole field in a structured way.

The real value of phase 1 was not as
much in the perspective analysis re-
ports as in the thought processes they
stimulated within the committees.
Phase 1 was essential in the transition
from annual budgetary planning to a
longer term basis.

These analyses had a positive impact
on the way most committees attacked
later programming and allocation
phases. They also provided an impor-
tant means for involving influential
groups outside the NTNF in the plan-
ning process.

174

Phase 2: Obtaining Goal Perceptions

Although the NTNF’s programs
were to serve national goals, it was
decided not to start the planning pro-
cess by attempting to state national
goals explicitly. General statements of
goals existed in the political parties’
programs, and more specific goals had
been set forth in such important public
actions as the government’s 4-year
economic plan. But no single, agreed-
upon, broad statement of goals existed
within the government or society.

For the NTNF to draft such a state-
ment for the country would have been
presumptuous. Consequently, the
NTNF attempted in phase 2 (July
1970 to June 1972) to create mecha-
nisms through which it could obtain
“useful perceptions” of national goals.
Phase 1 provided a key element in the
NTNF’s obtaining such perceptions: it
offered NTNF leaders concrete issues
and data for discussions about goals,
and it avoided simply initiating open-
ended conversations on the amorphous
topic of “national goals.”

Phase 1 perspective analyses were
summarized into background papers
for a series of meetings with top-level
political, ministerial, labor, industrial,
and opinion leaders. Reactions to the
opportunities and threats posed by
these analyses were sought. No clear
and definitive statements of national
goals were announced in these meet-
ings—nor were such statements ex-
pected. But they did develop a sense of
what national goals relevant to NTNF
activities were desired and acceptable.
Some shifts in priorities were perceived.
For example, antipollution priorities
appeared much stronger than before.
Other goals that had been under some
attack were reinforced; for example,
desired economic growth levels and
the maintenance of regional balances.

After these meetings, the NTNF
planning secretariat wrote a summary
of perceived national goals for distribu-
tion to planning committees. This docu-
ment develops three primary goals,
along with derived goals and potential
NTNF contributions. The Appendix
contains some translated quotations to
suggest the degree to which national
goals could be made explicit at that
time.

Although they were, of necessity,
general, these goals proved adequate to
guide later planning stages. On the
basis of these goals and perspective
analyses, the NTNF’s executive com-

mittee and council approved -certain
“planning frames” for total NTNF ex-
penditures and for each committee’s
potential outlays during the next 4
years (1972 to 1975) (Table 3). These
frames provided probable upper and
lower expenditure limits, reflecting
changing priorities among areas. For
example, sharp increases were allowed
for continental shelf, mechanical in-
dustries, electronics, automation and
electronic data processing, and pollu-
tion control activities. Atomic energy
and space activities were essentially
constrained to remain at existing ex-
penditure levels. Other sectors varied
between. The executive committee and
council thus provided the first guides
to overall strategy. '

Using other available data, individual
committees then refined these broad
goals and frames into planning goals
for their sectors. In certain sectors,
more specific goals already existed in
legislation or stated government ob-
jectives. In other cases, the committees
made decisions based on their knowl-
edge of the total Norwegian situation.
Phase 3 (programming) and phase 5
(final) reports contain sections on sec-
tor and national goals and explicitly
show how recommended programs sup-
port phase 2 goals.

Both the full council and the state
secretaries (4) reviewed the stated goals
and the major program balances sup-
porting them. Reviews of plans and
programs and the processes of formu-
lating political policy offer additional
opportunities for goal perceptions to be
systematically tested, evaluated, and
acted upon both within the NTNF
system and at ministerial and parlia-
mentary levels. As plans are updated,
goals and programs can be further
clarified or modified.

National goals are a composite of
the constantly changing aspirations of
all people and interest groups in a
society. No single statement can cap-
ture all such goals, nor can any set of
actions truly satisfy them. Because of
such dynamics, the process of obtain-
ing goal perceptions is as important as
determining what the specific goals
were. The NTNF has attempted to
arrive at and modify its goal percep-
tions by a continuous process involving
as many important decision centers as
it seemed feasible to contact.

When they were interviewed after
later programming stages, committee
chairmen and secretaries usually stated
that, despite its difficulties and the

SCIENCE, VOL. 183



vague nature of the national goals
eventually distilled from the process,
phase 2 was both necessary and help-
ful. The consensus was (i) that it was
essential that political, labor, and in-
dustrial leaders feel that a genuine at-
tempt was made to consult with them
about the program’s overall relationship
to national goals as perceived by these
groups, (ii) that there was a very real
obligation for committees to show how
their programs supported national
goals, and (iii) that the goals generated
were adequate for the purpose.

A rather typical viewpoint was ex-
pressed by R. Marstrander, secretary,
Building and Construction Committee:
“Stated national goals were vague but
adequate. We understand the general
political situation and policy anyway.
The important thing is that the conver-
sations took place.”

There were several important weak-
nesses in phase 2. Because of their ex-
tensive regular commitments, political,
economic, and opinion leaders con-
tacted had limited time in which to
absorb the perspective analyses as back-
ground for discussions of goals. Their
responses in discussions were necessarily
diffuse, and any attempt to summarize
inevitably involved subjective selection
and judgments. Because of limited per-
sonal contact with goal-setting groups,
planning committees had to rely largely
on the written summary of goals pre-
pared by the planning secretariat. Fur-
ther personal interactions between plan-
ning committees and the executive
committee would have been helpful.
Contacts with some influential groups
were not too rewarding because of these
groups’ inadequate preparation or their
biases. Finally, since this was a first
experiment, both the NTNF and other
parties had to work out their roles and
modes of interaction. A constructive
approach was begun. Much remains to
be done, but most policy-makers con-
tacted expressed a desire for continued
dialogue.

Phase 3: Establishing Programs

and Priorities

The activities in phase 3 (October
1970 to May 1971) (5) were the most
similar to activities committee members
had performed in the past. Neverthe-
less, outside consultants worked with
individual members of the NTNF ad-
ministrative groups and planning secre-
taries until these men became expert
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Table 2. Sources of funds for NTNF in 1972.

Funds
Source N (1000.
orwegian
kroner)
Government grants 142,000
Football pool funds 23,500
Miscellaneous income 2,500
Net income 168,000
Income from contract
research and international
collaboration (estimated) 82,000
Gross budget 250,000

enough to lead seminars on critical
R & D goal setting, program planning,
and evaluation methodologies. Although
the specific content of plans could vary
according to the conditions of €ach sec-
tor, committees were expected to:

1) State the overall goals and R & D

strategy of their sectors for 4 years
(1972 to 1975).
"~ 2) Identify major fields within the
sector where new knowledge was
needed and formulate programs for the
acquisition of such knowledge.

3) Consider whether the knowledge
could best be imported or developed
through Norwegian R & D.

4) Consider to what extent recom-
mended R & D should be financed by
the NTNF or by other sources.

5) Work out concrete plans for

major programs to be supported be-
tween 1972 and 1975.

6) Evaluate each such program’s
potential contributions, resource re-
quirements, and probability of success
and establish priority among programs.

7) Based on these priorities, recom-
mend programs to be carried out with-
in the given lower expenditure frame
and those to be supported within the
upper frame. k

8) Consider and recommend non-
R & D programs needed to support
proposed technical programs and sec-
tor goals.

The groundwork laid by phase 1
(perspective analysis) and phase 2
(obtaining goal perceptions) proved
highly relevant. Most phase 3 (pro-
gramming) reports related programs
directly to industry structures, trends,
opportunities, threats, and national
goals defined in phases 1 and 2. A
large percentage of phase 3 reports are
of high quality. The reports on elec-
tronics, metallurgy, transportation,
automation, shipping, and atomic en-
ergy (among others) were quite strong.
Unfortunately, because of confidential
information, not all of these are avail-
able to the public.

Perhaps the most difficult and critical
aspect of programming was patterning
programs selectively into sector strate-
gies and avoiding the tendency to “do

Table 3. Planning frames for NTNF R & D: Support for sample sectors.

1971 to 1975 increase (%)

Increase .
Planning frames for NTNF-
Sector 1967 to 1971 committeges in phase 3 suggested
(%) frames in
Lower Higher phase 5
Manufacturing industries
Engineering 319 50 105 88
Electronics ' 90 65 113 67
Chemical 58 32 76 59
Metallurgical 62 49 81 60
Other industries
Electricity supply,
electric power 100 25 56 53
Building and construction 91 38 74 49
Shipbuilding, shipping 170 39 85 59
Domestic transportation’ 131 40 67 57
Special sectors
Space 81 37 84 38
Atomic energy 11 — 8 1 0
Continental shelf 233 200 300 233
Town and regional
planning 138 84 111 88
Pollution 248 69 113 68
Multisectoral fields
Automation and
electronic data processing 16%* 46 77 52
Information activities 217 84 163 60
Fellowship programs 50 33 67 57

* Appears lower than actual. Other sectors also include some electronic data processing and automa-
tion activities. Data were reclassified to recognize most proper jurisdiction for projects as they

developed.
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a little of everything.” Nevertheless,
phase 3 plans often demonstrated in-
creased concentration on fewer pro-
gram areas, distinct shifts in priority
among programs, explicit recognition
of Norway’s unique competencies and
weaknesses, and specific consideration
of technology importation or foreign
cooperation. In some fields, thoroughly
formulated strategies emerged and
were clearly specified in the exercise.
Two examples, atomic energy and in-
land transportation, will suggest the
nature of such strategies in a small
country.

Atomic energy: Norway has no real
capacity to build reactors or even
major systems components. Yet it has
an established research capability in
fuels, fuel testing, and fuels manage-
ment. As an independent, small coun-
try, not identified with a specific
reactor-producing country or industrial
complex, Norway’s expertise can be
developed for consulting with archi-
tects-engineers, utilities, or buying
countries. With environmental problems
becoming a matter of greater concern,
it should be possible to extend Nor-
way’s existing competencies in evaluat-
ing reactor fuels, safety, and effec-
tiveness into consulting opportuni-
ties in these and associated areas.
By evaluating worldwide technical
progress, it has been possible to aban-
don certain programs and focus on
points where an analysis of markets
and suppliers showed possible oppor-
tunities for Norwegian expertise. Also
suggested were areas in which further
international cooperation was necessary
to expand data bases needed to exploit
these opportunities.

Inland transportation: Norway is a
long, rugged country with a low popu-
lation density, and there is a consensus
that population concentration in urban
areas should be counteracted. National
transportation costs are therefore high.
Norway produces ships and some rail-
way coaches, but all automobiles and
aircraft are imported. Consequently,
major transportation research activities
must be focused on the transportation
infrastructure, the building of roads,
aerodromes, and harbors, and on a
balanced development among the dif-
ferent modes of transportation. Priori-
ties in R & D are given to the study of
future transportation requirements, fu-
ture options for meeting these needs,
the effects of various incentives and
policies on transportation development,
the effects of the transportation system
on national costs and social develop-
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ment, the technical knowledge that is
needed to evaluate and implement de-
sirable transportation options, and the
controlling of displacement effects as
new modes of transportation are intro-
duced.

In general, phase 3 programming
was carried out effectively, but it too
suffered some serious shortcomings:
(i) groups such as the institutes per-
forming research were sometimes not
sufficiently involved in program design;
(ii) there was not sufficient opportunity
in this first exercise for desired inter-
action among sector committees; and
(iii) a few committees tended to ex-
trapolate past activities rather than
develop thoroughly assessed strategies.
However, a standardized programming
format and reviews by the NTNF
secretariat helped identify such prob-
lems and restore the desired focus.

Phase 4: Allocating Resources

On the basis of programs submitted,
the executive committee provided new
planning frames for each sector. Insti-
tutes and other research-performing
bodies then submitted proposals extend-
ing up to 4 years in length to meet
program objectives spelled out in phase
3. The process (from April to Septem-
ber 1971) allowed performers to
propose  technological  approaches,
maintained the decentralization of
research-performing groups, and yet
enabled activities to be coordinated
toward user and social goals.

Research groups sometimes wanted
to continue past programs that were of
lower estimated impact, highly frag-
mented, or not appropriate to stated
goals. Some committees—for example,
the Automation and Data Handling
Committee—enforced rapid compli-
ance with goals and refused programs
outside the desired framework. Others
allowed existing programs to adjust at
a slower rate. By the time budgets were
being drawn up in fall 1972, almost all
programs were responsive to program-
ming goals.

In phases 3 (programming) and 4
(allocating resources) it was essential
to protect the basic research and com-
petency-building activities of institutes.
It was also important to ensure ade-
quate institutional support to allow for
overheads, project starts and stops, and
random timing in receipt of contracts
or grants from industry or other
sources. Sector committees and overall
NTNF plans specifically reserved funds

for these purposes. There were, of
course, conflicting views as to the ade-
quacy of such institutional support,
with the institutes naturally preferring
a higher percentage of funds not com-
mitted to specific goal-directed pro-
grams. Despite these and other inflexi-
bilities caused by past budgeting,
accounting, data, and management Sys-
tems, planning began to influence and
simplify budgetary activities as early as
fall 1971.

Phase 5: Final Report and Follow-Up

The planning exercise was sum-
marized in phase 5 (November 1971
to June 1972) in a final report that ap-
pears in two parts: part 1 expresses
the overall goals and strategies devel-
oped and the key data for sectors; part
2 summarizes each -committee’s per-
spective analyses, strategies, and major
programs.

A significant attempt has been made
to relate the NTNF’s total activities to
national goals and to support programs
within an overall strategy. Planning
frames show the emphasis that should
be placed on each sector in the next
several years. Individual sector pro-
grams and the overall NTNF program
are analyzed to show how they support
important national goals. An attempt
was made to describe certain high-
impact programs, new initiatives pro-
posed, activities coordinated across sec-
tor lines, flexibilities for further new
initiatives, and basic research. Unfor-
tunately, as so often happens, much of
the “profile” of these proposals was
lost during various discussions and re-
views before the final summary report
was released. One often needs to look
beyond this document to the phase 3
reports to obtain a more complete
sense of program strategy.

Of particular interest, however, are
the policy guidelines used to develop
and allocate programs. Most important
are (i) maintaining a continuous
“process” for discussion, analysis, and
consultation on national goals; (ii) co-
ordinating major technical programs
toward these goals and specific user
needs; (iii) maintaining the indepen-
dence and strength of research-perform-
ing groups; (iv) concentrating frag-
mented projects wherever possible into
high-impact programs; (v) adapting
selected programs to unique Norwe-
gian strengths or problems; (vi) utiliz-
ing foreign technology whenever it is
less costly; (vii) creating strong com-
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petitive capacities in carefully selected
fields; (viii) developing a flexible sci-
entific, technological, and information
base; and (ix) providing research op-
portunities to enhance education and
development - of scientific personnel.
These are all important concepts for a
small country’s civil science and tech-
nology programs. Written instructions,
personnel training, and executive re-
views reinforced these policies through-
out the exercise.

Phase 5 served certain vital func-
tions. It forced the NTNF to look at
its commitments in a total strategic
context rather than as a series of frag-
mented committee actions. It provided
an important basis for communicating
with all outside public and policy-mak-
ing groups. And it created a focus for
discussions about readjusting goals for
the next planning cycle.

Certain portions of the NTNF plan
will be updated annually. National
goals will be reviewed, new planning
frames provided, and major programs
adjusted. Programming and final re-
ports will summarize plans for the next
4 or 5 years, explain changes from
earlier plans, and provide bases for
budgetary and program control. Every
4 years the full planning cycle (includ-
ing perspective analyses) will be re-
peated, in order to coincide with the
government’s economic planning,

The real test of planning, of course,
comes in its implementation. If R & D
programs respond to stated goals, and
if these programs are more successful
than otherwise, the main purpose is
served. To date there has been a
greater concentration of activities on,
and a shift in emphasis toward, selected
goals. Evaluating the results of pro-
grams will take some years. In the
meantime, what has been accom-
plished? And what can be learned from
the experience to date?

Primary Accdmp]ishments

There were six primary, long-term
benefits of the process.

The first was an increased under-
standing of and confidence in the pro-
gram selection process. As expendi-
tures on science and technology grew,
it became increasingly important for
the public and policy-makers to know
that efforts in science and technology
were being systematically related to
national priorities. Active participation
by political leaders, user groups, and
researchers helped build an understand-
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ing of goals and programs. Discussion
of plans in Parliament and the press
will help to further disseminate infor-
mation about the programs. For con-
tinued support, the understanding and
confidence of these parties are essential.
Public disenchantment and budget cuts
for science and technology have re-
peatedly occurred in countries where
such confidence has not been built.
Planning has already provided a firmer
and more objective basis for budget
discussions within the NTNF system
and the government. Ministry officials
and private user groups have responded
favorably, and other research councils
have begun to see potential in the ap-
proach and to develop planning systems
adapted to their own needs.

The second benefit' was establishing
a continuing discussion of national
goals for science and technology. This
difficult, but essential, process will con-
tinue. The attempt to systematically
conceptualize broad goals and to relate
major technical programs directly to
them was an important advance. Al-
though this had been done intuitively
before, the planning process imposed a
stricter discipline. Future modifications
in approach will doubtless allow greater
sophistication in both goal formulation
and the evaluation of programs relative
to goals. But a reasonable start has
been made. State secretaries, industrial
organizations, trade unions, and the
employers’ association have all ex-
pressed a desire to carry these discus-
sions further.

Development of strategies for science
and technology was the third benefit.
The planning process forced decision-
makers to face key choices and to de-
sign some genuine strategies for science
and technology. Important shifts in
priority were achieved. Decision-makers
could see the overall balance and im-
plications of programs recommended.
Policy issues could be separated from
the details of individual project pro-
posals, and policy-makers could con-
centrate on the broad missions and pro-
gram guidelines these proposals should
support. Researchers knew what goals
they were to support, yet were free to
select technical approaches. This al-
lowed central coordination toward
goals, while continuing a highly decen-
tralized and individualized conception
of projects and performance of re-
search. The following two examples of
major priority shifts will give the flavor
of the kinds of changes in emphasis
achieved.

The electronics committee had pre-

viously supported a strong microelec-
tronics program, plus a variety of other
projects based on technical proposals
received. Now the committee is con-
tinuing its microelectronics support,
in the belief that future growth in elec-
tronics will require a close link with
this technology, but it is concentrating
its other programs in some seven areas
(with emphasis on computer-aided de-
sign and biomedical and marine elec-
tronics) in which the country has some
initial competencies and progressive,
technically capable users. Within these
areas, research is supported only if real
needs can be identified. Special studies
have been made of specific user groups’
needs. The health directorate, for ex-
ample, has been asked to define its
equipment needs and, as a user, to
share in supporting specific technical
programs,

Because of anticipated social changes,
the automation committee is now sup-
porting new programs on unmanned
production processes. Forecasts suggest
that in the near future few Norwegian
workers will want to work night
shifts—and social values support the
goal of workers living more normal
family lives. Research is therefore un-
der way on continuous metallurgical
and chemical process controls to ensure
that these production processes can run
themselves at night with substantially
reduced labor forces and adequate
warning and emergency shutdown sys-
tems. This program will utilize the same
kinds of systems and approaches
adopted earlier for automating ships.
The Norwegian data industry and po-
tential users are being brought together
to solve this problem in a timely
fashion.

The fourth benefit was to concentrate
projects into high-impact programs.
Without well-defined programs to sup-
port, project proposals and approvals
in many fields tended to be fragmented
in the past. Program planning offered
research groups opportunities to assem-
ble sufficiently large program teams to
be internationally competitive and to
plan on longer term support for effi-
cient R&D on problems with distant
payoffs. Programming also provided a
framework for focusing otherwise dif-
fuse proposals and encouraging applied
research in areas with a high priority
or high potential impact. Two examples
will suggest how the program concen-
tration was achieved.

Because of the increased complexity
and personnel costs of ship operations,
an integrated program on many aspects
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of improved ship and fleet operations
has been undertaken. A number of
separate projects in a variety of ship-
ping companies, institutes, and disci-
plines have been brought together
under a single program leader and
steering committee. Projects include:
new management methods for oper-
ating fleets at sea and in port, com-
munication systems to run the ship as
a quasi-autonomous unit in a world-
wide system, design of living and work
areas aboard ships to attract and keep
qualified personnel to operate the ships,
automated propulsion units and navi-
gation equipment to maximize effective
service time, and operations research
and equipment studies to optimize main-
. tenance, repair, and duty cycles. The
ships are being studied as sociotechni-
cal systems, relating human and ma-
chine activities aboard, overall organi-
zation of work, and the training and
motivation of operating personnel. The
objective of the integrated program is
improved competitiveness for Norwe-
gian shipping.

When planning started, there were
research projects on various elements
of building and construction systems in
individual universities, institutes, and
companies. Planning increased aware-
ness and understanding of the need to
tie together these different elements of
architecture, social analysis, functional
analysis, construction materials, and
engineering concepts on an integrated
basis. The building and construction
committee is now giving priority to
projects involving integrated concepts
of building. It has a program group
coordinating such projects, and it has
encouraged a large construction com-
pany to investigate the possibility of
starting a new venture in systems build-
ing. This could provide an initial mar-
ket for research and for suppliers’
developments in this field.

Training and education of staff was
the fifth benefit. Informal management
techniques had worked well when the
NTNF was small, but by 1969 there
was a real need for a second line of
management and for more sophisti-
cated planning and control techniques,
which would allow delegation of au-
thority. The planning cycle offered op-
portunites for some management train-
ing and experience in forecasting,
goal setting, programming, and so on.
And it forced control systems to be
adjusted to broader scale program
management needs. Program planning
and control systems now provide an
essential vehicle for the council, execu-
tive committee, and administration to
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delegate authority without abrogating
their statutory responsibilities.

Increased awareness of critical rela-
tions between technology and social
goals was the sixth benefit. Specific
programs were begun or reemphasized
to better utilize social science research
and to further coordinate the NTNF’s
technical activities with such research.
Two examples follow.

As in all developed countries, the
cost and complexity of government and
municipal services are increasing. The
ordinary citizen finds it increasingly dif-
ficult to contact various agencies in an
effective way. It takes ever greater
amounts of a citizen’s time to obtain
correct information from agencies and
to comply with their regulations. A
proper data system would allow a citi-
zen to go to a terminal in his local
post office and get an immediate re-
sponse to his questions or provide in-
formation to agencies with minimum
effort. The NTNF is therefore helping
to bring the Norwegian data-processing
business together with the agencies to
help develop improved communications
systems in a timely fashion. This effort
is a further extension into the public
sector of the long-established NTNF
philosophy of helping Norwegian pro-
ducers develop technology to fulfill
user requirements.

In its perspective analyses, the build-
ing and construction committee saw a
need for a sociotechnical emphasis on
problems in its sector. Technology in
the construction industry is producing
adverse effects on workers, organiza-
tion structures, and building occupants
and users. Through the committee, pro-
grams have been sponsored on pro-
cesses for reducing noise levels, de-
creasing dust and particulate matter,
improving air circulation for tunneling,
and other activities. Studies were made
of certain urban environments to better
define the social and building param-
eters that should be considered in fu-
ture construction in similar environ-
ments. Comparisons have been made
between tunneling and above-ground
construction in order to reach an ac-
ceptable balance between social dislo-
cations and costs in urban transport
systems. Contractors and unions are
studying the effects of certain employer-
worker administrative arrangements on
attitudes and productivity.

Some form of more formal planning
was essential at this stage in the devel-
opment of Norway’s civil science and
technology program. The approach
chosen was matched to the institutions,
capacities, and problems of the NTNF

at the time (6). Some concrete progress
has been made to date, as we have
noted. More is expected in the future.

Caveats

The Norwegian experience has also
produced some caveats that may be of
potential use to others. The following
are some of the most important:

1) Involve user groups and policy-
makers directly in planning. A care-
fully planned series of meetings is
essential to bring the proper policy-
makers, coordinators, users, and re-
searchers together with the information
they need to participate in goal setting,
strategy formulation, and program de-
sign. User participation is especially
important in applied R &D programs—
to channel efforts toward valid goals,
to avoid overly theoretical orientation
and isolation of researchers, and to
achieve the actual application of the
results of the R&D. The process
through which decisions are reached is
as important as the decisions them-
selves. The process must develop con-
fidence in, momentum for, and com-
mitment to goals and programs. Superb-
ly conceived and presented plans are
worthless without a commitment to
action.

2) Explicit national goals are not
necessary to start with. It is virtually
impossible to obtain an explicit state-
ment of national goals as the starting
point for planning. Even if obtained,
such a statement might do little more
than provide a focal point for other-
wise fragmented opposition. A rather
broad statement of goals can, however,
be quite sufficient if properly devel-
oped. Work groups can amplify goals
in their particular sectors, and more
explicit goals will emerge from the pat-
terns policy-makers set as they accept
or reject specific proposals in science
and technology. The most difficult
problems lie in deciding whom to con-
tact in the initial stages and in pro-
viding a specific format and needed
background information for their dis-
cussions. In a democratic society, plan-
ners must avoid the tendency to seek
solely the commentary of the intellec-
tual elite, political leaders, and leaders
of established institutions. A broad ini-
tial base of commentary and continued
opportunities for discussion are essen-
tial. A genuine attempt must be made
to demonstrate that programs support
perceived goals.

3) Concentrate on options, pro-
gramming, and uniqueness. In early
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planning attempts there is a tendency
to merely extend former budgetary
practices. A conscious break must be
made in order to imaginatively analyze
new horizons and options and to focus
on goals and selective strategies. The
NTNF found it beneficial to separate
the imaginative processes of perspective
analysis and goal setting from more
traditional, budget-oriented processes.
It is essential in programming phases
to concentrate on goals sought and
action sequences needed rather than
budget expenditures. This requires
training, reorientation, and discipline
for all. But most difficult is the devel-
opment of a selective strategy. A
smaller country can only develop its
own technology in a few relatively lim-
ited fields. It must concentrate its ef-
forts on these and establish systematic
means for importing or monitoring
other technologies. Selectivity requires
commitment at all levels of the plan-
ning process. The use of differential
expenditure “frames” was an essential
device for the NTNF in setting priori-
ties. Working committees had to be
reminded of selectivity at all stages.
The key element, however, must be
careful investigation of program plans
by policy-makers and allocation of
funds on the basis of how well these
plans support goals. To withstand the
inevitable pressures from every group
wanting “its share” of funds, the ulti-
mate decision-making body must be
small, politically sensitive, and prefer-
ably somewhat removed from direct
political pressures.

4) Tie budgets to plans and update
plans continually. Unless resources are
committed to support plans, the plans
will never be put into effect or even
taken seriously. Hence budgets for the
first year of the planning cycle should
be a direct outgrowth of plans. As they
are developed, future years’ budgets
should be evaluated against plans to
determine whether there should be any
deviations. And the plans themselves
should be constantly updated to reflect
changing environments, opportunities,
and capacities. In Norway, phases 2
through 5 will recur annually, while
perspective analyses will only be de-
veloped every fourth year. There will
be a constant dialogue on goals.

5) Provide interim mechanisms to
maintain morale. An initial planning
cycle takes at least 2 to 214 years.
Since most people involved in the pro-
cess must be part-time volunteers, posi-
tive measures are needed to maintain
morale. Selection of effective chairmen
and compatible and constructive work
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committees deserves top priority.
Timely instructions and training for
committees are essential to decrease
frustration. Most important, the tdtal
process should be broken into phases,
each requiring a formal report. This
imposes a time limit on committees,
allows some control over the quality
of work, and provides an interim sense
of accomplishment. A careful plan for
the entire planning process should be
designed before starting.

6) Organize and train for planning.
Effective planning cannot simply be
superimposed on the existing organiza-
tion and its ongoing responsibilities. At
the top level, there must be a small
group that can dedicate substantial time
to the many policy-level contacts that
are necessary. This group must be
small, yet have enough power to make
the choices required by selective
strategy. A large, diffuse committee
cannot be expected to develop such a
strategy. Professional staff assistance is
also essential. Unfortunately, such skills
tend to be scarce in smaller countries.
Outside consultants and experts may be
useful resources, but they must train
Incal expertise or effective planning will
cease when they leave.

Summary

Smaller countries—and even more
advanced large countries—need to
carefully plan and allocate their lim-
ited resources in civil science and tech-
nology for maximum impact in terms
of national goals. Norway’s recently
completed 2V5-year attempt at more
formal planning in the civil-industrial
sector may suggest some useful ap-
proaches to this complex problem. It
should also offer helpful insights to
those interested in broad-scale, govern-
ment-private planning in science and
technology elsewhere.

Appendix

[Source: Translation of NTNF working
documents “Phase 2, national goals,”
Spring 1972.]

“Discussions held . . . seem to clearly
indicate three basic national goals relevant
to the R &D activities promoted by
NTNF ... :

“1) Increased prosperity through con-
tinued high economic growth: . . . From
discussions which have taken place during
phase 2, it has emerged that Norway is
still seeking to maintain a high rate of
economic growth (4-5% increase in
GNP per annum), insuring, however, at
the same time that economic growth is
not achieved at the expense of human
well-being or good environmental condi-

tions. It has been stated that, to a much
greater extent than at present, problems
of welfare and environmental character
ought to be included in evaluation of
means and measures applied to achieve
economic growth.

“Derived goals:

» High economic growth through in-
creased productivity, increased efficiency
in the industrial structure, further process-
ing of raw materials and components,
specialization.

» Rational exploitation of resources.

» Full employment.

» Increased mobility of labour and
capital from low-productivity to high-
productivity industry.

“2) Increased human well-being and
improvement of the environment: It has
been emphasized that increasing resources
achieved through economic growth ought
to be allocated to a greater extent toward
obtaining increased human well-being by
insuring good labor accommodations and
holiday conditions, and maintaining as far
as possible a clean environment.
“Derived goals:

» Increased well-being at the working
place with appropriate organization, good
working conditions, delegation, and possi-
bility for participation in the decision-
making process.

» Good housing and holiday condi-
tions through appropriate planning and ef-
ficient building activities.

» Reduced pollution of water, air, and
soil. Suitable handling of garbage, waste,
and so on.

“3) Insuring satisfactory settlement and
industrial localization from a geographical
point of view: It has been pointed out that
it is important to counteract the rapid con-
centration of economic life in a few cen-
tral regions, a development caused by
shifts from primary to secondary or ter-

~ tiary industries stemming from inadequate

development of a regional economy.
“Derived goals:

» Developing industries which are suit-
able for operation in nonurbanized areas.

» Developing transportation and tele-
communication facilities to these districts.

» Transitional financial support in con-
junction with development of regional
economies.
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