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Science policy: Choice among incommensurables ot
and problems of justification

Robert Shaw
Education Department

When New Zealand was at war in the early 1840s
the Govermment exempted from military service
certain classes of parsons whose work at home
they considered vital to the war effort and the
country. Amongst those exempted were a "fairly
large number of univexsity students taking
Stience courses” (1). After the war the supply
of scientists continued to be a problem in

New Zealand. Varicus aspects of that problem
have come into prominence at different times:
the numbers of scientists trained, the
distribution of scientists within the academic
disciplines, the ratioc of government to
industrial seientists, and the balance of
effort which is gtruck with regard to
particular problems, have all been considered
important.

The govermments of Western countries, without
exception, have maintained their faith in
science. Byitish and American science has
been a concern of governments since about the
19305 and wax provided the impetus for early
government science in both countries. Before
that time the institution of science, and
technology, were associated with industrial
development outside of government. Not that
this association was in any wav constant in
intensity or kind. The mercantile class

who ruied Britain until the end of the
eighteenth century drew their wealth
especially from overseas trade, and their
outlook and interest in science was
influenced by this. Their successors,

the industrialists, were less preoccupied
with the ends of the earth and more

concerned with home industxy. The first

to expound the new outlook was Adam Smith
(2).

Other authors have shown how the changed
attitudes and the evolution of capitalism
affected the growth of science {3). At times
the relationship betwean science and industry
has led to widespread dissatisfaction with
science. During the first half of the
nineteenth century, for example, as the factory
worker increasingly found himself in competition
with machines, machinery acquired an
increasingly anti-social aspect which resuited
in a stigma on technology and then science.

Science has always rested uneasily with economic

enable those involved in the current debate in
Hew Zealand on science policy and the financing
of science to relate their arguments to a broader
canvas. Governmments will not suddenly remove
scientific endeavour from the realm of the public
sector, nor will they influence the historical
advancement of the central, cognitive aspects of
scilence.
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There have, of course, been attempts by
governments t¢ influence the course of science.
Parhaps the most dramatic was the Soviet Union's
attempt to influence the advancement of the
subject of genetics. Today it is clear that
that attempt only resulted in the retarding of
the work of one group of scientisks for a short
pericd. The development of nuglear Weapons at
Los Almos and the US space Programme have
influenced technology quite dramaticaliy, but

in both cases thedr contribution to the
thecretical advance of science has been limited.
The space programme, for example, uses Newtonian
physics which is of no theoretical interast today
(except to historians of science) (4).

It is essential to make a distincticn between
science and technology when discussing science
policy. For "science policy" is, strictly
speaking, not primarily about science at all.
Science, as it is described by those who study
its nature most closely, represents Mankind's
effort £o understand the physical world (5).

This is in some contrast to technelogy which is
concerned with wontrelling the physical world
(6}, The texm “applied s¢ience' is
systematically misleading for it suggests

that there exists a discipline which is distinct
from both science and technology. This is not
the case: the problams which arise and are
confronted by professional persons today appear
in the context of either Mankind's effort to
gain thecretical understanding or his sffort

te gain practical control of physical entities.

[
i

Armed with this distinction tha problems of
"Science policy" become more manageable.
Taking an historical perspective makes them
appear less urgent. Hence, with these two
points in mind the current New Zealand
debate on expenditure in "scisnce" may be
examined.

development, and an historical perspective should TP 1981 the Department of Scientific and
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Industrial Research's annual report to the

House of Representatives mentioned for the
first time the effects of restraints in
Government, expenditure. That department

had recently, for the first time, developed
a set of specifi¢ objectives and was about
to undertake an even more "intensive review"
of projects undertaken. An increase in the
numbexs of top management took place in 1980
and it was claimed that this was the result
of the steady increase in staff numbers which
took place over the eariy 1970s.

There has also been a recent reorganisation
of the Ministry of Agriculturxe and Fisheries
research division. Indeed many government
departments have been reassessing their
priorities and considering science ar
reseaxch policies more c¢losely than ever
befoxe, except perhaps at a time when

New Zealand was at wayr.

There has not, however, in the last three
Years been any growth in scientific manpower
in the public sector (8).

These recent developments continue a process
which was initiated in 1963 when the National
Research Adviscry Council was established by
Parliamentary Act. The Council was
established to advise the Minister of

Science on matters related to scientific
research in New Zealand. At firsf the

Council restricted its advice to areas whare
it was thought an increase in research effort
appeared most urgent - principally agriculture,
forestry, building and minerals - but gradually
the Council's activities became more embracing
until the social sciences were given a
prominent position from the sarly 1970s., Today
Hew Zealand stands on the verge of establishing
a formal science policy. The 1982 Minister of
Science and Technology refers to it as the
"science plan" (9},

Quantitative information on science policy as
it stands at present is only available from cne
Source at present; namely, the expanditure
summaries which are developed as a part cof the
budget cycle. The figures show expenditure in

Table 1. Science budget expenditure, 1981-82

Grants

Reseaxch
UmemMHMﬂMwH MMMmsmwl Subsidies Contracts Total
ture
5(000) (s000) ${000} 5 (000}
Agriculture:
Production 57,806 1,092 224 58,822
Processing 3,429 4,068 79 7.576
Forestry:
Production 11,259 159 36 11,454
Brocessing 2,896 Be 10 2,982
Fisheries:
Production 6,957 v 30 6,987
Progessing 360 42 .a 402
Minerals:
Production 983 10 10 1,003
Processing 355 4 k| 62
Manufacturing 9,322 4,396 44 13,752
Building and 1,658 1,083 77 2,818
Construction
Transport 3,070 21 .. 3,091
Natural 35,603 763 357 36,723
Environment
Sogial Sciences 1,358 2,227 268 3,850
Human Health 2,575 79 . 2,654
Energy 8,597 1,979 694 11,270
Othex Scientific 4,068 208 50 4,416
Services
Total ... 150,083. 16,307 1,882 -188,272
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various gategeries and are sufficient to deduce
approximatsly the percentage of total resources
which iz allocated ta z sector such as

agricul ture, forestxy, fisheries, manufacturing
or energy research, Table 1 shows the
percentage of total expenditura spent on the
various activities for 1981-82 financial year
and it is based on figures produced. by
departments, Comparisons can be given, as

in Table 2, to establish that Mew Zealand isg
not spending as much on research as other
developed gountries. In addition an OECD
summary of R and D expenditure as a percentage
of gross national product Puts New Zealand at
about 0.8 percent, which is slightly below
Australia and Canada and well below
Sc¢andinavian countries {(10).

The Nationa) Research Advisory Coungil has
continued to sound WAITMings to government and
the public about the lack of growth in the
research effort: 1977 - "The council was

concerned that two years of nil net growth could

sow the seeds of future pProblems as the growth

of scientifie manpower lags behind the increase

in thoseproblems that only scientific research
can solve."; 1981 = “The last 3 Years have been
ones of zexo growth in science manpower and
much effort has gone inte reassessing
priorities for research effort. Council now
believe that continvation of zere growth may
be harmful to the economy of the Countxy ., ".
Other similar statements could be gquoted,

At the same time as the accounting informaticn
suggests New Zealand ig not putting sufficient
resources into the development of science,
Government statements proclaim faith in and
support for science (11).

The systematic coljection of adcounting
information initiated by NRac has resulted
in there being an overview of New Zealand
science. Aceounting has also shaxpened the
awareness of what are the central most
significant problems of science policy broadly
defined. They are traditional problems, but
no eagler to address for that. They are
problems all countries must face and which
have general applicability outside of

science policy. However, they can adequately
be poged in the context of science policy
accounting.

Choice ameng incommensurables

In the 1981-82 financial year $168 million was
spent on s¢ience in New Zealand. Already some
of the uses of this figure have been mentioned.
Is it, in fact, sensible to calculate such a
figure at all? The conceptual basie upon

which such funding decisions are made is

largely unexamined in New Zealand and
unfortunately it shelters important distinctions
which must be drawn if New Zealand is to devalop
an adequate science policy.

Table 2. Comparative science. and technology statistics
Fiscal Sovt. Productive Foreign Other 2Ag a & Per Annual Average
Year Funds Enterprise Funds Bunds of GNP Capita per.R &.D
Beginning Funds Seientist and
Engineer
% 3 % % us § Us $'ooo
HZ 1975 80.2 lg.8 - 1.0 0.9 39 33
1980 77.2 20.0 - 2.8 - - -
Denmark 1979 53.3 44.0 1.3 1.4 1.0 125 106
France 1878 30.5 43.7 5.5 0.3 1.8 157 118
Gexmany 1977 43.3 52.8 2.7 1.t 2.1 181 lo0
Ireland 1977 50.1 33.0 4.0 12.9 0.8 24 28
Italy 1976 43.5 51.4 1.6 3.5 0.9 29 43
Noxrway 1878 2.7 33.¢ 1.2 3.1 1.5 140 88
Portugal 1978 79.5 g.2 0.1 20.2 Q0.3 3 28
Spain 1974 40.5 57.4 2.0 g.1 9.3 a 34
Sweden 1977 37.9 59.6 1.6 0.2 1.2 184 o8
UK 1875 51.7 40.8 4.9 2.5 2.1 85 &0
Usa 1979 49.7 45.7 - 4.8 2.3 246 86
Canada 1977 46.8 3.5 2.5 19.2 1.1 9 a6
Austraiia 1976 2.6 24.2 L.8 1.3 L.0 71 44
Japar 1979 29.8 70.1 2.1 - 2.1 182 50

Source: Statistics on Science and Technology

UNESCC December 1981
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NRAC classifies its science budget in two

distinet ways: first, by the 16 public service
departments which are involved; and second, by

activities which are subdivided into a total of
They explicitly state that

39 usage categories.
these classifications are used rathex than a
classification by scientific discipline. 1If
the country has no potamologists, phycologist:

diagousticists, phenologists or actinists, NRaC

is not aware of the fact,*

S,

The point being made is that there are various

ways categeries may be developed to describe
activities or interests, and to select one wa
rather than another is to exclude the
possibility of certain insights. One
perspective is selacted to the exclusion of
many othexs., In the faneciful example given
above, there is still cne serious point to

be extracted. Is it not possible that in one
of the more obscure disciplines of seience an
insight is gained or a discovery made which
has an important "application" in New Zealand
Unless a small country ensures that it has
adequate coverage of the totality of human
intellectual advance, it is 1ikely that
important developments are never applied.
This is undoubtedly ocgurring at present.

It is likely, also, that aven in areas where
the country has specialists, the links to
important appliwations are not always made.
Structural features of the organisation of
activitias work against the utilisation of
expertise.

These criticisms, however, refer to outcomes
of the present system. The argqument being
developed here concerns the legic of
accumulating uniike entities by bringing
them to a commor base, in this case “science'
The situation is improved conceptually by
developing policy arcund the woxd "research"
rather than "science" = but many of the
unfortunate consequences of incommensurable
accumulation remain.

¥n our system of public administration, much
of the setting of priorities takes place
within the context of the budget ¢ycle. Tt
is here that varipus prejects are set ope
against another and selection is made between
them. Whexe the alternatives ave not of the
same logical status with regard to those
criteria which axe to be used in making the
selection, there is no ratignal way to
proceed. In his account of the cemplexity
of scientific choice, Toulmin makes this
point and develops it further.

e e —

*They are, in the oxrder given, the study of
rivers, seaweeds, refracted sounds, the
effects of climate on living organisms,

and radiated heat.

> 4

?
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-+ there is a general Principle of organisation

which holds in the administration of scientifie
affairs as foreibly as it does in the rest of
the public service. This is the Chalk-and-
Cheese Principle: namely, that the stxucture

of departments and advisory committees should
be so0 ordered that, at each point, decisions
have to be taken between commensuxable

alternatives.” (12)
ditermatives,

What Toulmin means ig that administration ean
only be efficient and equitable if tie
organisation is such that decisions are made
within funetional categories: the signing of
2 contract for one power station rather than
another power station, the selaction of one
rfesearch project on jinsulation materials
rather than another broject on insulation
materials. Where these decisions are taken
in the New Zaalang budget cycle is variable,
but in general they would be considered "low
level” or decisions of detail. the principle,
however, holds when allocations or choices are
being taken between more abstract, embracing
ceoncepts, provided always that the vriteria
used to make the choige stand in the same
logical relationship o each of the
competitors. For example: if your brinciple
of cholee is the economic advancement of the
Sountry, eriteria may be developed from this
Principla and applied to select betwsen builk
allecations tao education or transport votes,
provided always that the ministries of
transport and education both adhere %o the
sole objective of the furtherance of the
countyy's economy.

Toulmin found thig Principle alive arg well
at the British Treasury Centre for
Administrative Studies in the 1960s. There
he found that the young assistant prinecipais
using the terminclogy of the Oxford
philosopher Gilbert Ryle and “avoiding
category-mistakes" (13).

In nany areas of public administration the
chalk-and-chease principle is respected, ana
arganisational structures have developed, which,
because they reflsct the 2rinciple, work
reasonably well and age generally uncontroversial ,
The alleocation of grants to those who wish to
develop marginal favm land is a good example.

The criteria of economic viability <an be
appiied to cases on their merits. It is not
surprising that when it is suggested that other,
possible irrelevant, criteria are being applied,
the allocation of grants for the develoupment of
marginal land becomes eontroversial. Such a
controversy is distinet from that which surreunds
the questien of whether it iz in any case
appropriate to advapee our country's economic
state by providing grants for the development of
marginal lang,




In the case of science palicy it is possible that

items are being aggregated which are incommen=
gurable.

The distinction between science and technology
has been made. XNRAC once recognised this
distinction:

"Research directed to the increase of
scientific knowledge may be tarmed
‘basic research' for it forms the
foundation upon which all applica-
tions of science.depend," (1d)

Aside from the question of whether this statement

is twue, it is important that NRAC recagnises

that basic research has an important place in the

development of scientists and the achievement of
the conntry's cbiectivas, Rightly, thsy mention
that basic research is the appropriate function
of the universities.
is basic research needed in a number of spacific
areps and quote fields such ag systematics,
biophysics, seilsmoicgy, and surface chemistry,

The science budget funds such work.
ly there is no Separate accounting of this in
the categories used by NRAC. fThe justification,
for, and implications of, basic research are
quite different from those of "applied research"
or what is probably more properly called tech-
nology.

It is probably carping to mention the
inconsistent way NRAC used the term "basic
research” in 1967, but it is indicative aof their
lack of clarity about the concepts. They call
for basic research into facial eczema, grass
grub and bloat in cattle when it would appear
that what is really sought are methods to
control all three problems. The control of
eczema, grass grub and bloat is considerably
more important to New Zealand tham the
théoretical understanding of the varicus
sciences which are inwoived. Technology solves
the practical problems and fregquently it moves
well ahead of theoretica)l insight (14).

The justification of expenditure on "science”

An CECD consultant group on new concepts in
science policy developed a notion of seience
policy which has enjoyed wide application in
Canada, Australia and New Zealand (15). OECD
stated:

"Sclence policy does not only include
policy for sgience - that is, for the
creation ¢f.an environment in which
science can flourish and choices can
be made among scientific and
technological projects and fiaelds; it
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Later, they claim that there

Unfortunate—

also comprises science for policy -
affecting the ways in which scientific
and technical considerations bear on
important pelitical decisions and
policy choices in areas that are not
themselves mainly scientific, such as
foreign affairs and urban planning. (16}

New Zealand science planners endorsed this
concep® in 1976. Yet, it has been the recent
reviews of expenditure which have brought those
involved to a re~examination of expenditure on
research and the prioritjes for reseach funding.

The Annual Report statement of the Department of
Scientific and Industrial Research which
Supports the above paragraph has been mentioned
along with other evidence, Now the question
being asked is: what form of justification is
offered for expenditure in these and other
similar documents?

There has always bean such rhetoric on the
worth of science and, as indicated previcusly,
when the country fagced real difficulties,
suppert for science was given a high priority.

From its inception NRAC has been issuing
Statements which may be read as justifica-
tions for ewpenditure on science: "funding
research is an act of faith ~ investment now
for a greater future return.” (1982) ; "The
council believes that now more than ever before
there is an opportunity for science and
technology to make a great contridution to the
economic well-being of the country." (1980};
"...Hew Zealand relies on applying science and
using modern technology in the primary, manu-
facturing, and transport industries to maintain
and develop a competitive economy in today's
world." {1978); "Scientific rasearch may be
regarded as a long-term investment. The amount
of manay at risk is small, The possible
returns could be dramatic." (1867) ; "The
council hes no doubt about the valye of
research to national development,” (1965},

It would appear that the only justification
HRAC has placed before the House of
Representatives for investment in science ig
the “overheads" dectrine., This was
formulated by Kaysen in 1965 thus:

the fundamental justification for expending
large sums from the federal budget to
Suppcrt basic research is that these
expenditures are capital investments in the
stock of knowledge which pay off in
increased outputs of goeds and services
that our scciety strongly desires. (18)

P E—

- ¢ -

x -

The doctrine has been supported xecently by a
statement from the 1980 Minister of Science
and Technology, Mr Birch. This was printed by
NRAC:

A% a result of discussion.with your Council
on 29 July 1980 and my review of DSIR
activities this year, I am firmaly of the
view that your Coun¢il cannot advise me
collectively on research and development
(R and D} policy and pricorities without a
formal statement of Government economic
development obiectives; and that such a
statement must be communicated to everyone
involved from your Council members down to
the individual scientists at the 'bench
level', (19)

This is an autheoritarian model which New

Zealand {and most other) governments have used
successfully in many areas of activity.

Progress is made by working out the objectives,
dividing up the tasks and communicating
information and directiorn on tasks and objactives
down the pattern of line management. NRAC
confirms:

~+- & major task remains zhead of the council:
how to translate the Government's statement
of general objectives into a balanced,
efficient R and D programme. (19}

ands

The Government's sbjectives will be handed
down through NRAC to science managers, . and
the couneil and its committeas will review
overal] programmes in terms of their centri~
bution to these cbjectivas. (29}

The New Zealand stztements suggest a much tightex
relationship between government objectives

and science than appears in Kaysen's statement.
The New Zealand approach may well be successful
for davelopments in technology - where an sutszide
agency can direct which physical chjects be
daveloped, or which practical problem should be
given priority - but the theoretical problems

of science can only be identified by those who
understand the theory and can recognise its
limitations.

It is possible to arque that the selection of
axeas of theoretical research should be decided
by the state while the specific problems
selected be left to the scientists. This would
be possible, but in. practice the directions
would be at such levels of generzlity as to ke
of no real significance.

A further point, implicit in the above argqument,
is that it is not possible %o detexmine in
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advance which seientifie enquiries wiil be of
use. (Mote: "will be of use" is not the same
as "will be applied" or “will have Eractical

2pplication”. This distinction is impertant.)

The overheads doctrine is but ona account of
why the state should be concerned to support
science. Very briefly twe other accounts may
be mentioned, Neither of these accounts have
been argued in department reports. They are
the "high civilisation" doctrine and the
tertiary industries ecopomic arqument:.

The high civilisation doctrine Places science
{but perhaps not technology) in the same
category as art, as far as the aconomy is
concezned. The rise of both Greek science
and medern science coincided with cultural
"revivals" and before recent times scientists
were not professionals paid to work on
scientific problems.

The -view of art as something essentially
frivolous or decorative is a late nineteenth
century cne. It is still necessary, however,
to argue the case: why are art and science
inportant to human beings qua human baings?
The nature of Man is now at sStake and if
understanding {in its collective sanse) is
considered important here, Science may he
pPlaced in an excellent Llight.

Another possibility is to regard science
a5 belonging to & different economig
category than that usually assumed, This
position is the paraliel econonic argument
to the psychological seciclogical argument
given above. Johnson wrote:

The consent of 'secientific culture!
raises a mmker of cuestions, among which
the mest fundamental is the quastion
whether basic scientific researxch is -
in the economist's terms - te ba regardeg
primarily as a consumption or an
investment activity, (20)

Seience viewed in this way is econemically
cnly important in that it generates demand
for spending. Recently, in New Zealand,
education has been considered in a similar
way.

As opportunities for employment lessan, and
there is concern about the demand for goods
and services, tertiary industries become

of increasing importance. Those tertiaxy
industries which have tha potential of
leading Hankind and the host country to
unexpected advances should ba encouraged
above all others. This places science jin
zompetition with the entertaimment industyy,
for example.




It is also necessary to ask whether the
Justifications apply to university, DSIR,

or private science.

As far as government

money is concerned, given that this is by
far the largest scurcs of New Zealand
selence funding, diversity of institutions
is probably best maintained and strength-
ened.

Conclusion

an attempt has.been made to show how
accounting servéss a useful function in
bringing into debate serious, far-reaching

issuas.
has recently ccourred.

Certainly, in New Zealand, this
To address these

issues, specialist knowledge’ is needsd of
such diverse subjects as the philosophy of
schnce, the philcsophy of technology, public

policy and esonomics.

When accounting (be

it in science or elsewhere) raises problems
of incommensurability, topics from the
discipline of logic are at stake.

In this there is a strong argument which can
be made for accountapts being invelved with

& very diverse group of people, all of whom

have scmething to contribute to the policy-

making process.

(1)

(2)

(33

{4)

(5}
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international cooperation in

Extracts from an OECD Report

« + for several centuries now, cooperation
has been an active and everyday aspect of
scientific lifa, through the exchange of
scientists, the spreading of specialised
Literature, the publication of discoveries
and the critjcal discussion of experience
and ideas. Cooperation has been, and still
remzins, an essential instrument of the pro-
gress of knowledye.

For those countries which have cnly a limited
number of scientists, the need for access to
the international scientific community is
even more pressing.

Although science is a language that knows no
frontiers, research is financed by national
resources and carried out by men or teams
competing with one another, and its results
are used by States and enterprises whose
mutual relations are based first and foremest
on competiticn. Internatignal scientific and
technological cooperation is therefore not a
spentanecus phenomenon but the yesult of a
dual approach, political on the one hand, and
gcientific and technological on the other.

In each case, the impetus will be provided

by one or other aspects; but however justified

a project may be from the scientific and
technological point of view, it will never
coma to fruitien if fereign policy consider—
aticns are opposed to it, and cenversely a
form of cooperation thought up solely for
foreign policy reasons will never be success—
ful if it does not comply with the innex
logic of scientific and technological
activities.

- - - all Member countries' governments are
fully convinced of the need for strengthening
or re-establishing their industrial capabili-
ties through active encouragement of innmovat-—
ion, and are preparing policies in this dir-
action. Although such increase in innevatien

performance will, at the same time, contribute

to international competitiveness, there is in
varying degrees an increasing interest in the
contribution of innovation policy to increas-
ing world-market shares at a time of siow
growth and nigh unemployment and balance-of-
payment difficulties. It is also noted that
almost all ¢ountries that have establishegd
priority areas for the support of industrial
R & D have established the same list of pri-
orities, which might lead to excess capacity
in some areas with possible consequent in-
crease in protectionist tendencies.

Hany of the impacts of technology tend to be
driven by competition, and increasingly by
international competition. A&n extreme ex-
ample is, of course, the nuclear arms race,

science

but the situation seems to be equally true
of the evolution ofinformation technology,
of applications of the "new biology", of
nuclear power, of the automobile and of air
transport. 1f competition alone is left to
govern evolution in the application of new
technologies, it is quite likely that the
detrimental effects will grow out of control,
since they are only weakly reflected in the
competitive influences, whether they he polit-
ical or economic. Thus, an essential task
for international consideration is to frame
rew ground rules which limit the detrimental
impacts compared with where they would other-
wise be driven by competition, and to do

this at an eaxly enough stage in ithe develop~
mant beforg vested interssts and colpetitive
momentum make suchk ground rules impossible

to enfoxce. Here is where the role of int—
ernationally orchestrated technology assess-
ment is so wvital.

There are three cogent reasons for increased i
cooperation between Member countries: :

1} increased research costs and the levelling-
off of naticonal expenditures on K & D;

2) the pressure of problems and challenges
common to all (snergy, natural resources,
the envirorment, publie and social
services);

3) the "transpational” character of many ra-
search fields which are of concern to most,
if not all, Member countries.

At the same time however, one must accept the
fact that all countries are increasingly con-
cerned with strengthening their competitive
position ang that this has become one of the
Prime objectives of their science and tech-—
nelogy policy.

The international research programme should
be a breeding grouwnd for top natiomal
specialists.

The mechanisms of cooperation in science may
vary considerably, depending on whether the
cocperation takes the foxm of simple ex-
changes, a common ressarch pregramme shared
between national teams, or research (often
on “big science”} carried out in a joint
laboratory.

The international programme should not compete
with national programmes (and financing); on i
the contrary it should complement them. Con-
versely, it is important that there be nat= {
ional efforts by participating countries to
adapt to and make use of the international
Programme.
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