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RESUME

En vertu de la directive de 1972 sur la politique
d'impartition, ou politique du "faire ou faire faire",
toutes les nouvelles activités de recherche et de
dévelopoement orientées, a l'exception de celles d'Energie
atomique du Canada Ltée, devaient étre confiées par contrat
a 1'industrie privée. Puis, en 1977, la portée de la
directive a été encore élargie afin d'englober "en autant
que faire se peut" les travaux déja en cours.

La directive donnait suite au rapport du Comité sénatorial
de la politique scientifique (le Comité Lamontagne), selon
lequel le Canada ne retirait pas suffisamment d'avantages de
ses efforts de recherche et de développement, surtout parce
que les travaux effectués dans le secteur public étaient
rarement exploités commercialement. L'attribution de
contrats de recherche & 1'industrie rendrait le secteur
privé plus conscient des possibilités d'exploiter
commercialement les résultats des travaux de recherche et de
développement financés par le gouvernement fédéral. TLe
Comité fondait son analyse sur le fait que les transferts de
nouvelles technologies s'effectueraient plus facilement
d'une entreprise privée a une autre, ou bien gu'une
entreprise qui serait susceptible d'exploiter les résultats
de certains travaux de recherche et de développement
pourrait aussi se voir confier la tache de les effectuer.

Les auteurs de la présente étude commencent mar élaborer
un cadre analytique qui permet d'évaluer les avantages et
les colts de l'adjudication des contrats a l'extérieur,
ainsi que les motifs qui poussent a le faire. 1Ils tentent
ensuite de déterminer statistiauement si l'esprit autant que
la lettre de la directive ont été respectés. 1Ils ont
constaté que certains ministéres s'y sont complétement
conformés, mais que d'autres n'en ont suivi ni 1'un ni
l'autre. Les auteurs recherchent ensuite les causes
possibles des différences observées chez les divers
ministéres quant au degré d'observance de la directive.

Enfin, ils examinent les caractéristiques des entreprises
qui ont acquis une certaine réputation dans les travaux de
recherche et de développement, en vue d'évaluer les
avantages qu'offre cette politique du "faire ou faire
faire".

Les données recueillies indiquent que les ministéres dont
les activités de recherche et de développement offrent le
plus de possibilités sur le plan commercial, et qui ont
entretenu des relations étroites avec 1'industrie avant
1972, n'ont pas respecté la directive. Par contre, ceux qui
1'ont observée effectuaient en général des travaux de nature
moins commerciale et n'entretenaient, avant la publication
de la directive, a peu preés pas de relations avec
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1'industrie. En outre, leur facon de l'appliquer a été de
conclure d'autres contrats avec les entreprises du secteur
des services plutdot que de 1'industrie. 11 semble donc que,
huit ans apreés, la directive ait abouti finalement & une
baisse de la valeur réelle des contrats de recherche et de
développement confiés a des sociétés industrielles.

Les auteurs concluent que, méme si elle peut étre
éventuellement source d'avantages, la politique du "faire ou
faire faire" n'en a pas produit de trés importants jusqu'a
maintenant. 1Ils proposent qu'elle ne s'applique désormais
qu'aux ministéres dont les contrats avec le secteur privé
semblent devoir étre profitables. En outre, il faudrait
faire une étude sérieuse sur les raisons pour lesquelles
ces ministeres ne se conforment pas a la directive.
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ABSTRACT

Under the federal make-or-buy directive of 1972, all
new mission-oriented research and development, with the
exception of that conducted by AECL, was to be contracted
out to private industry. The directive was extended in 1977
to cover existing mission-oriented research and development
"wherever possible".

The directive was a response to the report of the
Senate Committee on Science Policy (Lamontagne Committee)
which contended that Canada was getting an insufficient pay-
off from its research and development effort principally be-
cause research and development conducted within government
was secldom exploited commercially. The contracting-out of
research to private industry would, in the view of the
Committee, increase the awareness by the private sector of the
opportunities for exploiting commercially the results of
research and development financed by the Federal government.
The Committee's analysis assumed either that new technologies
would flow more readily from one private sector firm to
another or that a firm which would be likely to exploit a
given type of research and development would also be chosen to
cendiimie- 1E.

The study begins by constructing an analytical framework
within which the benefits and costs of contracting-out as well
as the incentive to contract-out can be assessed. It then
attempts to determine statistically whether both the letter

and the spirit of the make-or=buy directive have been adhered
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to. It is found that some departments have adhered to both
the letter and the spirit of the directive while others have
adhered to neither. The possible causes of observed inter-
departmental differences in the extent of compliance with the
dirtegtive afe them Investigated. P
Finally, in an attempt to determine the magnitude of
the benefits resulting from the make-or-buy policy, the
characteristics of firms which have emerged as R&D contractors
are examined.
The evidence assembled indicates that the departments
which are engaged in R&D with the greatest commercial potential
and which had histories of significant involvement with
industry prior to 1972 did not comply with the directive. 1In
contrast, complying departments were generally engaged in
R&D with less commercial potential and had little or no history
of involvement with industry prior to the directive. Moreover,
their compliance took the form of additiénal contracts with
service sector rather than industrial companies. The net
result of eight years of make-or-buy appears to have been a
decline in the real value of R&D contracts let to industrial
companies.
The study concludes that, while it is potentially bene- .
ficial, the make-or-buy policy has not produced significant
benefits to-date. It is suggested that the make-or-buy direc-
tive should be confined to departments in which contracting-out
can be expected to be beneficial. Non-compliance by such

departments should be thoroughly investigated.




INTRODUCTION

[ LST2 the faderzl eabimet opdEpsd Chat all meEw TEs lon-
oricnted R&D funded by government departments be contracted out
to industry. The new federal make-or-buy directive was a direct
response to the recommendation of the Special Senate Committee on
Science Policy (Lamontagne Committee). The committee argued that
Canada was getting insufficient pay-off from its research and
development effort and one of the reasons was that research and
development conducted within government was seldom exploited
commercially.

The confracting out of réseareh to private industry would,
in. thée wview of the Committes, Imcrefse the awarenass by the pri-
vate sector of the opportunities for exploiting commercially the
results of research and development financed by the federal
government.

This study begins with a discussion of the background to the
make-or-buy policy including an international comparison of the
sectoral distribution of R&D activities in the advanced industrial
countries. |

Chapter 2 is concerned primarily with the economic foundations
of the make-or-buy policy. It discusses the benefits and costs
of extramural perfermance of government researeh tasks. The
gpplication ‘of the theory of Buresus snd the tHeoFy of ‘econtrasts
offers some insights into the impact and potential allocative
effects of the make-or-buy policy.

The remaining chapters report the reésults of attempts Co



confirm empirically the propositions advanced in Chapter 2.
Specifically, Chapters 3 and 4 determine statistically whether
Bobl the splrlt and the letter of the make=0r=iny diréclliive
have becen complied with. Chapter 5 examines departmental
research and development mandates and assesses their compati-
bility with contracting-out.

Chapter 6 measures the differences in the characteristics
of the R&D operations of the departments which have complied
with the directive and those which have not. The factors which
éxplain inter-deparomental difrferences 1n the extent of CoOm=
pliance are determined by estimating a pooled time-series-cross
seE ticn model.

Chapter 7 examines the characteristics of R&D contractors
which have emerged to undertake government research projects.
This provides a rough indication of whether the contracting-out
which has occurred is likely to generate the kind of benefits
envisaged by the proponents of the make-or-buy policy.

Finally, Chapter 8 summarizes our results and discusses

their policy implications.




CHAPTER 1

1.0 THE PROBLEM: TOO MUCH R&D DONE WITHIN THE GOVERNMENT,

TOO LITTLE IN INDUSTRY

The Sciehed Councill and the Lamontagne Committcc2 have
been highly critical of the government's predominant position
as a performer of Canadian research and development. They
have expressed concern that, too little research and develop-
ment effort is being conducted in university or industrial
research establishments. In thelr report, the Senate Special
committee on Science Policy (Lamontagne Committee) concluded
that, a larger proportion of R&D was performed within the
government sector 1n Canada than any industrialized country.
It fupther demonstrated that- [ederal fingncing of eXtramursl
R&D had been directed moretowards the academic sector rather
than towards the industrial sector. As a consequence, the

3

industrial sector had remained relatively weak. In their
opinion, the uneven distribution of scientific performance
between the federal in-house and the industrial research estab-
lishments had resulted in the selection of inappropriate research
and development projects, and in inadequate exploitation of
research results.u This criticism continues to be supported
by the National Research Council of Canada, among others. On
April 15, 1981, the Globe and Mail reported that, according to
Sl e eiEl B SEROE

An en~-rmous pool of new technology is being

creat=1 in government research laboratories

bliglt I3z avalrlable Te industry ot 15 Mok
being used...5



At a meeting of the Air Industrial Association of Canada,
Keith Glegg, Vice President of the NRC, stated that "there is
a great opportunity here for commercial spin offs based on the
work going on in these 1aboratories".6 He further suggested
that government agencies should identify and make these new
technological innovations that are commercially applicable
readily available to the Canadian IEdE iy,

The Lamontagne Committee believed that the performance of
industrial research in government laboratories had resulted in
a situation where selected R&D projects were chosen according to
the individual's scientific interest rather than for possible
commercial exploitation. The second volume of its report on
Science Policy stated that,

As long as there is little consultation with
industry on the selection and formulaftion of
programs, and the emphasis is on research

rather than on development, research and
development activities cannot be well adopted

to industrial needs. A gap has developed
between the results of research and the develop-
ment of successful innovations. In addition,

there is no effective means of transferring
these réauits to industry.7

TELs ppindlert 15 shared By the Scieénce Coundil &1 Gandtls.
They have attributed the past failure of Canada Science policy
to "the performance of too much basic research remote from the
training of new scientists and the performance applied research
far from the point of innovation."8 A redistribution of R&D

may lead to a greater R&D involvement by Canadian industry.




The Lamontagne report concluded in 1972 that it may be
more difficult for the results of government intramural R&D

to be exploited by the industrial sector. They have ascribed

this inadequate flow of technologiéal information to differences

9

in attitudes and incentives of the parties involved.
To help overcome these preoblems; the Setencs Council10

as well as the Lamontagne Committee11 advocated that industrial

involvement in federal research and development activities be

encouraged, by contracting out federal R&D programs, whenever

the technological or innovative capacities of the companies

concerned are likely to increase.

1.1 R&D PERFORMANCE BY SECTOR: AN INTERNATIONAL COMPARISON

An international comparison suggests that Canada's propor-
tion of government-performed R&D 1s the largest amongst the
medium and highly R&D intensive countries. The OECD's 1969
assessment of Canadian R&D activities noted that

...industry in Canada still does comparatively
little research and development compared with

industry in the other main industrialized
countries.12

In a later report, issued in the summer of 1980, the OECD

13 An

gumpitled sEatistics o R&D silerts &Ff member nEThens.
examination of 1977 R&D activity in Canada suggested that the
federal government's share of performance continued to be sig-

nifiecantly higher than most other industrialized natieéns. In

Table 1, the breakdown of research and development activities



in Canada as well as other OECD members, is presented. Only
those countries whose Gross Domestic Expenditures for R&D
is at least 1 percent of the country's Gross Domestic Product
are included. The structure of the available funds shows that
the amount devoted to Natural Sciences and Engineering in
Canada is comparable with other OECD nations. However, in
relation to the United States, Japan, Germany and other rela-
tively R&D intensive nations, Canada seems to have an excessively
Igrge portien ©f its R&D perfermed within the government, LR
1977 Canada carried out 30% of its national R&D effort in
government research establishments. On the other hand, Germany,
the United States and Japan had respectively, 16%, 15% and
12% of their R&D performed by the government.

When compared with other industrialized nations, the pro-
portion of Canadian R&D performed by business enterprises is
at the bottom of the international spectrum. Most OECD
members with substantial R&D expenditures have more than half
of their total R&D effort performed by the business enterprise
sector. In the United States, Sweden and Switzerland, more
than 67% of their total R&D is conducted by this sector.
Contrary to the international situation, only 37% of the Canadian
R&D effort occurs in the business sector.

The fraction of government-performed R&D in Canada can be
decomposed into: (i) the proportion of national R&D funded by the

government ; and (ii) the fraction of federally funded R&D con-

ducted by the government itself. That is




(R&D conducted by gov't)z(R&D funded by gov't)(R&D conducted by gov't)
Total R&D Total R&D R&D funded by gov'tl
Canada does not differ markedly from the U.S. and Germany
in the proportion of total R&D supported by the government.
1€ d1fiérs mepkedly from thésé two countriesd; however, Ghe
fraction of government supported R&D performed within the
government.
In Canada, the proportion of federally funded R&D performed
within the government itself in 1977 was 66.3% which was well
in excess of the U.S., Switzerland, Sweden and Germany which
averaged 32%.
The apparent rationale of the make-or-buy policy was to
bring the proportion of government funded R&D conducted within

the government into line with that of the major OECD countries.
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CHAPTER 2

2.0 POLICY RESPONSES

To improve the scientific capability of the Canadian
industrial sector; the govermment has enacted, oVer the yeodars,
numerous programs to provide an environment more conducive to

« industrial R&D. The major programs include the 'Make or Buy'
pollicy, a contracting out policy for research with definite
goals; the technological transfer Programs, such as the Pilot
Industry-Laboratory Program (PILP) formulated to assist in the
application of government research and help Canadian companies
recognize specific industrial opportunities arising from govern-
ment in-house R&D efforts; and finally, the federal industrial
g8sistance  programs ; 3 3% @f poligies intentded te dNgresse

incentives to private R&D.

2.1.1 The Make-or-Buy Policy

The Make or Buy policy was enacted in 1972 in direct response
to the Lamontagne's recommendations. The need to direct govern-
ment procurement in research and development toward the enhance-
ment of the country's industrial technology base had been recog-
nized earlier by the Glassco Commission and was later emphasized
by the Lamontagne Committee and the Science Council. It was
anticipated that the contracting out policy would shift government

' effert in Tesearch and development to the industrial secter,
increasing both its scientific capability and its general perfor-
mance. It was also hoped that it would increase the probability

of sufficient exploitation of technology, and ensurg a gErealter

.
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chance of economic spin-offs from government R&D.lu

2uthae FIkP

The second program designed to shift research and develop-
ment activities from government laboratories to other sectors
in the Pilot Industry-Laboratory Program (PILP), administered
by the National Researcn Council.15 This program provides funds
to be used in helping Canadian industry to exploit NRC research
commercially. This support is given in the form of contract or
research agreement. Other efforts by the NRC to improve tech-
nology transfer between sectors include the establishment of
the Industrial Program Office - a body designed to expedite the

évaluation of unsolicited proposals, and the expansion 6f the

NRC's Technical Information Services.

2.1.3 Industrial Assistance Programs

The industrial assistance programs are comprised of a number
‘of aubpregrams, three of whieh will be discussed here.

In 1959, the ITC initiated the Defence Industry Productivity
Program (DIP) to provide financial support to industrial firms in-
volved in W&D related teé the defemnce industry.l6 Following the
removal of the Defence Industrial Research (DIR) program in 1970,
the DIP program was expanded to include the applied research
projects which were previously covered by the DIR program.l7

Beginning in 1965, the department of Industry, Trade and

Commerce was given the responsibility for the program for the




BL.

18

advancement of industrial technology known as PAIT. gl
was followed by the Industrial Research and Development Incentive
Act (IRDIA) in 1967.

There are many other policies covered by the federal
industrial assistance programs but only the major initiatives
mentioned above will be briefly discussed in this paper.

In 1959, Cabinet approved a program to subsidize R&D
activities in defence related industries known as the Defence
Industry Productivity (DIP) program. The program was to be
administered by ITC, was directed specifically at developing and
sustaining the scientifie capadlility im the Camnadian tndastrial
sector for the purpose of defence export sales or civil export
sales. "A DIP subsidy generally takes the form of a grant of
a8 much a8 S50 percent of fhe @imect cost plud The overnead
assignable to approved projects" (McFetridge, p. 57).19

The program for the Advancement of Industrial Technology

(PAIT) was established earlier in 1965. It was intended to in-

‘crease Canadian competitiveness in the international market by,

Initially , providing forgiveable locans to finanee produet and
process development in the non-defence industry. The scope of
the program was further augmented by a subsidy arrangement to
support product and process development projects, in the area of
advanced technology. A maximum grant of 50 per cent of current
expenses plus overhead is available to all companies incorporated
in Canada. R&D results may be exploited domestically or

internationally, however, the manufacturing base is required to
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be in Canada2o (McFetridge, p. 56). In 1977, the government
incorporated the PAIT program with several non-research and
development subsidy programs. The combined program is known as
the Enterprise Development Program (EDP).21

The Industrial Research and Development Incentive Act
(IRDIA) was designed to increase Canadian business' scientific
efforts in areas where possible benefits to Canada may be
rPealtieed. OCemerally, the pelicy objectived were fo 1lhacPFcase
scientific capability within the Canadian business sector and
to promote greater interaction between university and industrial
research establishments. The program provides direct subsidies
or tax credits for capital or current R&D expenditures. The
IRDIA program was replaced by an R&D allowance system in 1978.22

Under the new program, R&D performing firms are entitled
to "deduct 50% of the increase in their current research and
development expenditures over the average of the preceding
three years from their taxable income"?3 (McFetridge, p. 270). This
new program allowed potential recipients to by-pass bureaucratic
discretion associated with the former subsidy program and
automatically credit their scientific efforts by completing their
tax returns.2u

Te cenchuwild,; 'in IEs abtefpe e Inefease the Lrasbivm of Cths
national R&D effort performed within industry, the government of
-a@des hes pelied, First on 1ndustrial R&D subsidies and, Séedmd
on a contracting out policy known as the make-or-buy policy.
More recently it has attempted to increase the extent o Wwhich

R&D conducted within the government sector is exploited by
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industry by assisting the process of transferring technology

between these two sectors.

2.2 ECONOMIC IMPLICATIONS OF THE MAKE OR BUY POLICY

2.2.1 Benefits of Contracting Out: Introduction

The reliance on subsidy programs to encourage R&D activity
in the industrial sector may not result in a sufficient increase
in the proportion of national R&D effort performed by industry.
Subsidy programs such as PAIT (now EDP) and DIP make private
R&D activities more profitable. They raise a firm's rate of
return from scientific investment through cash grants and tax
cr'edits.25 However, a subsidization of projects that a firm
had already decided to undertake, would not significantly affect
the total amount of privately-performed R&D. The intensity of
private R&D performance may be slightly increased if a subsidy
is awarded in support of extra-marginal projects (i.e., projects
that would not have otherwise been adopted).26 On the other hand,
by shifting part of the federal R&D effort out of government
laboratories into industrial research establishments the Make or
Buy Policy exerts a direct effect on the sectoral distribution
of R&D performance.

In addition, contracting out places the production of new
technological information in the hands of those who have a
financial incentive to disseminate i1t, It therefore reduces the
need for explicit technolepy CransféP programs sSdek as, FILP. Ghe

Make or Buy policy lends itself to an increased potential for
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the efficient absorption of new technology, a greater rate of
technological diffusion, and a larger probability of economic
spin-offs.

Many successful innovations and inventions resulting from
intramural R&D have not in the past, been fully exploited by
the private sector. The main reasons for this situation accor-
ding to the Lamontagne Committee are: (1) Firms are not aware
of the government's activities and existing scientific oppor-
tunities, and (2) many developments resulting from federal

& They

laboratories are not suitable for commercial exploitation.
suggest that greater industrial involvement be encouraged by
contracting out federal programs whenever it is possible and
feasible.28

By increasing interaction between government agencies and
Canadian industry, a stronger informational link can be forged.
This would indirectly increase the private sector's awareness
of the opportunities for exploiting commercially, the results of
federally financed R&D.29 An information bridge would allow for
increased knowledge by government science bodies of the con-
tinuously changing market conditions and increased awareness of
gselentifie and techmnicdl requirements in private industry. An
improvement in the degree of co-operation between the two sectors
may lead to a more prosperous climate for the development of
better products and production pr'ocesses.30

During the course of its investigation, the Lamontagne

Committee repeatedly emphasized that government should allocate more
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of" ¥ts HeE agtivities infe Che mantfactiz*ivig sE@efors Alsey IThplleit

in the committee's recommendation of 1972 is the assumption
that a private firm likely to exploit a given type of rescarch
and development would also be the one chosen to conduct it.
The policy although universally applied, is mainly designed for
the manufacturing and service industries. The Department of
the Environment stated to the Senate Committee in 1976 that

the research and development with which the

federal make or buy policy as a whole is con-

cerned is mostly that which will lead to

better products and techniques that can be

sold on a wider market, and the 'industries'

that are expeétad to bemeflt are very

largely the manufacturing and services
industries.31

The Committee had intended that appropriate performer
selection would rFesult 1in greatew Jindustrizl Spim effs. L@ Vlew
of this, the most desired recipients for federal R&D contracts

would be manufacturing firms.

-2.2.2 Benefits of Contracting out When Contractors are
Alsc Potential Users:

Cornalder the gituatlien of @ Private contracthor Perisrmlig
federal mission-oriented R&D. The project is complex and as a
ciofifieguisSitay GHe coftrafh 18 frdt Ffwlly speerfiiad.: By-pRodues
development may lead to a patentable and commercializable
innovation. There 1s a greater probability that potential by -
product innovations will be detected if the poteéntial tser of
R&D results were also the performer. Because contractors are

often given the proprietary rights (although non-exclusive) to
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the invention they were contracted to produce as well as any by-
products, and because private contractors are profit-orlented and
are dircctly rewarded for markctable innovations, thecy would have
greater incentive to maximize all opportunities for turning
research results intoc commercial advantage. In contrast, the
commercial possibility would be of secondary importance to
government researchers32 (Vol. II, 586). The Lamontagne
Committee also noted that

The dafferences in behavietr stindards lmposed

by government and industry indicate why the

government sector is naturally more inimical

to inventions and innovations aimed at the

private market than 1s industry. These provide

another reason for transferring industrial R&D

programs out of government laboratoriecs and into

the private sector33 Sigis T8, S0E),

Benefits from R&D may also be better realized by private
firms because the latter have better market information. The
foregoing assertions can be summed up by what the Canadian
Chemical Producers' Association pointed out to the Lamontagne
-Committee.

s oy DB goRdEHET o Pésdardly fm thE S&éfe &F
business operations provides the likeliest
environment for the recognition and exploi-

tation of commercially valuable 'fall-out',
whether from basic or applied research.3u

The justification for greater economic spin-offs is based
on the implicit assumption that, the contractor chosen to provide
scientific services to a department would be more likely to
commercially exploit the new knowledge, domestically and inter-

nationally. Would there be the same incentive to detect any
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marketable 'fall out' from R&D if the contractor was not the
one who can appropriate such valuable results? 1In this case,
would it not be more efficlent to carry out R&D intramural ly
and bhen Eransfer the flindlfigs te the approprlate [LFMS ¥

2.2.3 Benefits of Contracting out when Contractors are
not Potential Users:

Suppose R&D is contracted out to a firm which was not a
potential user of the technology produced. In this case there
are three parties involved. The government which commissions
the R&D, the contractor who performs it and a third firm or
get of fiTms which explelt the R&l. Twe sets of contractual
arrangements must be negotiated and enforced. There will be an
agreement between the government and the R&D performer and
another agreement between the performer and the user of the
R&D. This has the obvious effect of raising the cost of con-
tracting out relative to that of intramural R&D performance.

Although its advantage will be reduced, contracting-out may
continue to be preferable to intramursl performance. The reason
is that while the contractor is not the ultimate user of the
R&D, the former continues to have a commercial incentive to
detect and find potential users for by-product innovations.

As has been argued above, government researchers have no such
ingenclive,

The importance of the commercial incentive for a private
eontractor te detect and fimd users for RLD 16 pelPlorss wadll

be smaller the more costly it is to reach and enforce the
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appropriate contractual arrangements with these users. Thus
the potential advantage of the make or buy policy depends on
the cost of contracting, first, between the government and the
RED performer and, second,; between the performer and The
potential users of R&D. There may be cases in which the cost
of contracting at either or both stages is such that there is
no advantage to contracting out. It is to the discussion of
the circumstances under which this might be the case that we

now turn.

2.2, Tha Costs of Contractifg:

In the simplest terms the contracting-out policy involves
the replacement of non-pecuniary with pecuniary 1ncentives.
R&D contractors have a pecunlary incentive both to orient re-
gearah Elong sommerciEalily exploitable lines &fd &5 eXploit oF
facilitate the exploitation of all research they conduct.

Government researchers have no such incentive. This has
been noted above. What has not been noted is that, while the
government researchers have no pecuninary incentive to enhance
the commercial results of thelr work,; they also have no pecuniary
incentive to mislead those who have commissioned the research
or to engage in other types of opportunistic behaviour.

Thus, while there are clear and widely noted disadvantages
associated with performance of R&D within the government, there
are also some clear but perhaps less widely noted advantages.

The implication is that contracting-out will be advantageous in
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some situation and not in others. There will be cases in which
an increased reliance on pecuniary incentives reduces the cost
of transacting that 1s, of getting the research done and
exploited. There will also be cases where increased reliance
on pecuniary incentives increases the cost of transacting. Can
we distinguish ex ante one set of circumstances from the other?
Williamson (1975)35 has suggested three environmental
factors which combine to make reliance on pecuniary incentives
(contracting-out) especially costly. He argued that where
information relevant to transaction is costly and unequally
distributed, where events bearing on the obligations of.the
transacting parties are not known with certainty and where
irreversible commitments are required of the transacting parties,
reliance on peécuniary incentives will inecrease the coest of
transacting.36
Williamson's reasoning is well-known and need not be
repeated here. What is important for present purposes is that
Williamson's approach implies that contracting-out is less
likely to be advantageous: (a) the more costly it is to determine
the extent to which research objectives have actually been met;
(b) the greater the possibility that unforeseen events will
impair the performance of the contract and the greater the cost
of determining the extent to which it was these events rather
than the malfeasance of the contractor which impaired performance;
and (c) the greater is the extent to which the government and

the contractor lock themselves into a bi-lateral monopoly
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situation as a result of their agreement.

The cost of measuring research performance will be lower
in cases where the research objective is to produce a specific
technology the success of which can be determined by inspection.
The research required to produce a new artillery shell can be
deemed not to have been performed if the shell wlll not explode.

At the other pole is the case of experimental research.

Were the tests which the contractors claimed to perform actually
performed? Were they performed as described? The validity of
experimental results cannot be determined simply by reading
them. Their validity can be determined only by repliedi:lon &F
by inspection and supervision both of which are costly.

The problem posed by uncertainty regarding the circumstances
under which a research task is to be carfied out will be more
severe the more advanced is the research relative to the state
of the art. In cases where the technology involved is well-known,
there will be little in the way of disputes regarding responsi-
T fof any failure to meet research objectives. Where the
properties of the technology are not well known it will be costly
to assign responsibility for failures to perform.

In the case of highly complex advanced research it is likely
that as research proceeds, research objectives will change. This
will require a renegotiation of the governments contract with the
research-performing firm. This renegotiation will be more costly
if by virtue of their specialized and irreversible commitments

the government and the R&D contractor would find it costly to
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Ciurn e alternabkive suppllels ATG Buyers Yespéshbrvely, This
kind of bilateral monopoly problem whether ex ante or ex post

is generally solved by the internalization of the transactlon.36
In the prastnt context this dMplies Lmtranurel performance ©F
the research.

In sum, the transaction cost literature would suggest that
it will be advantageous to contract out research tasks where:
(a) the objectives can be clearly specified and where perfor-
mance can be readily measured; (b) the technology involved is
relatively well kﬁown; and (c¢) where the research does not
require a significant investment in specialized facilities.

It will be advantageous to perform intramurally research
tasks where: (a) the objectives are general rather than
specific; (b) where performance is costly to measure; (c) where
the outcome of the research is subject to considerable uncer-
tainty; and (d) where significant specialized facilities are

required.

2.2.5 The Social Gain From Contracting Ouf: A Summary

The preceding discussion imglies that the social net benefit
of R&D carried out under contract can be written as

SC = GI + (1+a)BI - ¢(R) - =(C)

where GI = present value of the gross social benefit on new

technology to which government has title.

BI net income accruing to the contractor as a result of

spin-off innovations.
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a = value of inappropriable benefits on spin-off
innovations + BI.
c(R) = resource cost of conducting the R&D specified in the
contract.

¢(C) = costs of contracting. .

The net social benefit of R&D carried out within the govern-
Meyic 48

SG = GI - g(R)
where g(R) = resource cost of conducting a specified R&D projectL

Contracting out is socially beneficial provided

(1+a)BI - c(C) - (c(R)-g(R)) 2 0
or if (1+a)BI + (g(R)-c(R)) - c(C) 2 0

In the simplest terms, contracting out is socially beneficial
if the spin-off benefits (which would not be realized under intra-
mural performance) plus the excess of the cost to the government
over the cost to the contractor of performing the research
task exceeds the cost of contracting. If the government and the
contractor can perform the research task at the same cost, con-
tracting out is socially beneficial if the total spin-off benefits
(both appropriable and unappropriable) exceed the cost of con-

tracting.

2-3 THE TNCENTIVE TO CONTRACT OUT

2.3.1 The case of an agency which minimizes the cost of
performing a given set of research tasks

Using the terms defined in Section 2.2.5, the cost to the

government of performing a given R&D task intramurally is g(R).
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The cost to a contractor is c(R). Assume for the moment that
these two are the same.

Suppose the R&D task is contracted out. What is its cost
to the government? 1Its cost will be the contract price, P,
plus the governwent® share of the cost of contradting dge(c).

The contract price may be determined in a variety of ways.

If the contract is up for competitive bidding, the winning
bidder will quote a price which just exhausts any rents resulting
from the performance of the contract. This "zero-profit" price
Ml e

P = ¢(R) - BI + (1-¢)c(C)

Thus ; with competitive bilddling the contragk price wmiill
equal the cost to the contractor of conducting the research task
plus the contractor's share of the cost of contracting less the
net incomé accruing to the contractor from spin-offsg.: The
existence of spin-off income makes the contract more valuable to
potential contractors and this is reflected in their bids.

Given a contract price, P, the cost to the government of
Rl peformed €xtFamurally 53

P + ¢c(C) = ¢(R) - BI + c(C)

The cost to the government of R&D performed extramurally will
be less thamn the cost of the same project performed intramurally
if the present value of privately appropriable spin-off benefits
eXéeeds the cogl of centractimg and if the value of tHe laGber
1¢ pelledtead Tn, the Winnirs Wik,

A government agency which has the objective of minimizing
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cost cubject to the constraint that a given number of R&D tasks
be completed will choose extramural performance whenever

g(R)> P + ¢c(C)
or g(R)> e¢(R) - BI + e¢(C)

If g(R) = ¢c(R) a cost-minimizing bureau will contract out
whenever appropriable spin-offs exceed the cost of contracting,
that is when

BT = &ld)

While a bureau which has been instructed to minimize cost
subject to a research performance constraint will contract out
L ThE absenee ol expliedt imstructions te deo ag it will net
push contracting out to the point required for the maximization
of social net benefits. That is, the marginal project performed
extramurally will be such that appropriéble spin-off benefits
are just equal to the cost of contracting.

BI¥= c(C*¥)

The net seoclal value of gpin—off benefits on this preojeet
will be (1+a)BI¥* so that in cost minimizing equilibrium the social
net benefit of spin-offs will exceed the cost of contracting

(1+a)BI¥* > BI® = c(C¥%)

The implication is that the social net benefits of contracting
out will not be fully realized even by a cost-minimizing government
agency. This conclusion is stronger the smaller is the extent
to which appropriable spin-off benefits influence the bid prices

of potential R&D contractors.
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2:3:.2 The Ineentiye o Coniradt Oupy The cHse of @ WS AFy
paximizing government agency.

The shjeebive of thls geetlfh is to éRhamine Che contractins-
out decision within the context of a model which assumes that
bureaucrats maximize utility rather than minimize cost. We then
compare the contracting out decisions of cost-minimizing and
utility maximizing government agencies.

Suppose the bureaucrat's utility depends on (1) staff size
and (2) number of R&D projects. The determination of the com-
bination of staff and projects contracted out which will yield
the highest utility level given the relative costs of intramural
and extramﬁral R&D performance 1s reported in Appendix A.

If we assume as before that the contract price is given by
the "zero-profit" price and the cost of performing R&D intra-
murally is the cost of resources required for the specified R&D
project, a government agency which has the objective of maximi-
zing its utility subject to the departmental budget constraint
will exhaust its staff option whenever the contract price is
greater than or equal to the cost of intramural performance.
That is, the "all-staff" option will be chosen whenever

g(R) 2 ¢c(R) - BI + C(c)

This is hardly surprising since the bureaucrat has nothing
to gain and something to lose if he decides to employ outside
contractors.

The bureau's choice is not so clear, however, when the sub-

mitted contract price 18 less than the costh of perforfiime the
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researcna task in house.

WinZle a bureau which has the objective of minimizing cost
subject to a given number of R&D tasks will choose an all-
extramural performance option whenever g(R) > ¢(R) - BI + C(c),
the utility maximizing bureau will, in general, prefer a com-

bination of some staff (i.e., intramural projects) and some extra-

mural projects given the same relative cost of carrying out R&D.

I'f is Te¥ertheléss poseible To¥ 4 buresH whieh is Haimilzing
utility to choose an all-extramural option. This conceptual
possibility is ruled(out only if we assume that staff is indis-
pensable in the bureaucratic utility function.

In the case where the main objective of the bureau is to
minjmlize costss; we Tound Chat, in equilibrium, Clad  Sicieikad rmed
benefit of spin-offs is greater than the cost of contracting out.
Even 2 cost minimizing agency will not fully realize the social
st bem=iibs of eontracting out,

Similarly, a utility maximizing government bureau without
explicit instructionsto contract-out will not contract-out to the
point where net social benefits are maximized. More importantly,
the utility maximizing bureau will not, in general push contracting
out as far as will a cost minimizing government agency. As a
consequence, there is an even greater divergence between the
contracting behaviour of utility maximizing bureau and the
behavior which maximizes social net benefit.

Fne Empldestbtieom iy Ghail the B strauger e bufetuéritie



preference for intramural pepformance the legpger e CThe gap
hetween the bureau's effort to contract out and the effort
required to maximigze the net socldl value of spin off bhenefits.
Bureaucratic utility maximization provides an additional
reason to expect that a make-or-buy directive which involves
explicit instructions to contract out might be socially bene-

el @alil.

2.4 Conclusion

.In this chapter, we have argued that the make or buy policy
may be socially beneficial where: (a) only a fraction of the
net value of social spin-off benefits is appropriable; (b) the
appropriable spin-off benefits are not fully reflected in biad
prices of potential R&D contractors; and (c) the government
agency's primary objective is to maximize utility rather than
mininmlize eost.

It is essential to recognlize that, whiles & maks of buy direé-
tive is potentially beneficial, its "universal application" may
be ill-adviged. 1In general; 1t wWill mot be effigiernl it Rorce
contracting-out of research tasks on all departments to the same
extent. A universal contracting out rule may waste resources.
The reason is that the facters which determime the' nef bemalit
of esntracting—-out will he prégesi in dif fereni degra®s Al4c@ch
department. Specifically: (1) contracting cost will vary across
departments and will depend upon the nature of R&D conducted; (2)

the value of social benefits from spin-offs may differ; (3) the
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inappropriable fraction of spin off benefits may be different
for each department; and () the objectives and incentives of
government bureaucrats may differ from department to department.

To illustrate, let us consider two extreme cases: (1) where
the government agency's objective is to minimize cost, and the
net social value of spin-off benefits is fully appropriable and
is fully reflected in the bid price of the winning R&D contrac-
tor; and (2) where the government agency's central motive is to
maximize utility, a large fraction of net social benefit is not
capturable and contract prices do not reflect spin-off benefits
appropriable by the contractor.

In the first case, the agency would already be contracting
out sufficiently to maximize social net benefits. Hence the
make or buy policy is redundant. It may even be considered
"harmful® to the extent that it forces contracting out beyond
the point at which social benefit is maximized.

In the second case the make or buy directive may be regarded
af Soeislly beneficlal. It 1s the departménts which afe. 1ifi
sltuations sush a3 that described im this case upon whieh tie
make or buy directive should be brought to bear.

In general, the departments with high contracting costs and
minimal potential spin offs will not be observed to be contrac-
ting out in the absence of a make-or-buy directive. The applica-

tion of a make or buy directive to them will waste resources.
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If it is the case that spin-offs can be more readily exploited
within the context of a manufacturing firm, dcpartments dealing
with research of interest to the secondary manufacturing sector
would be more likely to have contracted-out in the absence of
the make-or-buy policy. While there may be come marginal bene-
fit resulting from the application of make-or-buy to such
departments, the directive will be at least partially redundant
and may even be harmful.

Departments undertaking research tasks that are relatively
more advanced would likely find it difficult to contract-out
because of'high contracting costs. This may also be true for
departments engaging in curiosity-oriented and experimental
Pesgarcd. 'In FHe abseneg of EXplicit imstrudtienm € de &6,
these departments would not have contracted-out their research
tasks. The application of make-or-buy to these departments is
also potentially harmful.

The implication of our analysis is that evaluation of the
make-or-buy policy requires more than the determination of the
extent of bureaucratic response to it. The ultimate success
of the policy also depends on the characteristics of both the
dpeartments which have responded and the firms with whom they

have contracted.
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CHAPTER 3

3.0 THE POLICY

The Make or Buy policy, enacted in 1972, stated that all
new mission-oriented research and development in the natural
sciences should be contracted out to Canadian industry.
Mission-oriented research and development is defined as
"research and experimental development, minus free basic re-
search, plus feasibility studies". The directive applies to all
departments and agencies listed in schedules A and B of the
financial Administration Act.37 Not included in the policy were
on-going research and development projects and new or existing
research and development activities of some government
departments (e.g., AECL, ITC).

In 1974, the policy was extended to cover unsolicited
proposals from the private sector in support of government
sclence objectives. The contracting-out procedures are carried
out and managed by the Department of Supply and Services on
behl@lf &6f the deépartments involved.38

The Make-or-Buy policy was subsequently expanded to
include some new and on-going R&D, as well as other scientific
activities. 1In addition, the unsolicited proposais program was
Drodderidd o lnclude projects deei=d fo satisly pricrity Sélerice
and technology reguirements in general, and not only those in

39

support of departmental science missions.
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3.1 Previous Analysis

Aside from Peter Meyboom's article in 1974 and a later
effort by MOSST in 1975, to-date there has been no extensive
cconomic analysis of the Make or Buy policy.

In his 1974 article, Peter Meyboom examined the trend of =
intramural research versus industrial contracts and concluded
that over the fiscal years 1966 to 1974, the gap between in-house
and industrial R&D contracts has widened significantly.uo
Aggregating the five major science departments, Meyboom found
that the combined estimates showed that the ratio of intramural
Te Industrlial conbraetls expénditfirés has risen from 5:l € 9:l.
He further asserts that the momentum created by the earlier
growth in the in-house science expenditures had inhibited
itndustrial involvement. In splite of these findings, Meyboom
concluded that the policy was being implemented and that the
first year of implementation was successful. Recognizing the
apparent inconsistency of his analysis and his conclusions he also
noted that

The true purpose of the policy - to enhance
the scientific and innovative capability of
Canadian industry - can only be achleved over
time, and only with significant inflows of s
money...The most important contribution towards
that goal will come from the science budget, its
size, its make-up, and its disposition.u1

The second effort to evaluate the Make-or-Buy policy was
by the Ministry of State for Science and Technology in 1975. The

Ministry concluded that the industrial share of government research



had increased from 4.4 percent to 12.9 nercent over the pre-
ceding five years (l.e., 1970~~75).u2 However, the report also
showed that the fraction of R&D contracted to industry was
gencrally higher in the 60's. MOSST analysts found that after
removing the effect of increased salaries of government scien-
tists, the actual increase in expenditures on R&D by eleven
government departments was about the same as the amount awarded
to industry under the make or buy volicy. This seems to imply
that virtually all new money has been contracted out and that

departments are adhering to the directive.u3 The MOSST assess-
ment was summarized by McFetridge (pp. 266-67) who concluded

That:
The Make or Buy directive may well have becen
adhered to as the MOSST report concluded.
Givert 1ts limited sedpe, howevar, tha. lmple=
mentation of the directive could not and,
indeed, d41d not result I any Sigmifidasns
ehange 1r the freetion of federal reseskeh
and development activities, taken as a whole,
which were conducted extramurally.uu

Both Meyboom and the MOSST analysts agree that the
Make or Buy policy was implemented. However, there are several
reasons why a more comprehensive exploration of the Make or Buy
poliecy ia calied for, Pirst, previeus studies were superficisl
in terms of the methodology employed. Second, the studies were con-
ducted using only preliminary statistics. It was simply to
early &g Jjudae thie effectivefices of the pelicy. -Third, SLR6E
the initial directive in 1972, the Make or Buy policy has been
changed in several respects and this may have added to its

impact.
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3.2 Fraction of R&D Payments to Industry: 1963-80

As a preliminary to the main empirical study, some
important descriptive data should be presented. In Table II,
the trends in the proportion of R&D contracted out to Canadian
industry by the seven major R&D performing departments are
reported.u5 Some indication of the success of the Make or Buy
policy to-date can be obtained by examining the expenditures
on R&D directed to the industrial sector as a fraction of the
total current R&D expenditures in natural sciences. The
seven relevant departments are the Departments of Agriculture;
Energy, Mines and Resources; Environment (iﬁcluding Fisheries
and Oceans); National Health and Welfare; National Defence;
Transportation and Communications.

Without performing a rigorous statiétical analysis at
this stage, the data in Table II seem to indiczte
upward trends in the proportion of R&D contracted to industry
in the Departments of Agriculture, Environment, National Health
and Welfare, and Transportation. Although these time series
data suggest that these departments are moving in accordance with

the directive,; the Departments of Agriculture &nd National Health

and Welfare still allocated less than 1.3% of taeir 1980 current R&D
Dudget to the dnduSErisl scditor. The trends eyitent Qi
Environment and Transportation are positive but modest and
the fraction of R&D contracted to industry relatively volatile.
No discernible trend is evident fer Natioral Defence,

Communications nor Energy, Mines and Resources. The Department
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of National Defence had generall: higher fraction of their
R&D contracted out prior to the volicy in 1972, and had
actually reached a peak in 1965, when 49.4% was allocated to
industry.

Including the Communications Technology Satellite Program, 8
research contracted to industry *n communications rose to the
maximum of 59.5% in 1973. However, during the fiscal years
1974-78, Communications experienced a drastic decline in this
proportion, reaching a minimum of 12.6% in 1978. Although both
National Defence and Communications exhibited generally lower
proportions contracted out in the 70's than in the 60's, they
seem to have been affected more than EMR, NHW and MOT, by the
revision of the Make or Buy policy in 1977. In 1979 and 1980,
both departments showed moderate increases in the PropoPElon
of R&D expenditures contracted out.

In 1971, Energy, Mines and PResources' total expenditures
directed to industry were approximately 3 million dollars, and
in 1980 were about 10 million dollars.u6 In nominal terms, it
seems that EMR has more than tripled its involvement with the
industrial sector; but, when we look at the relevant fraction,
1t has actually declined.

In sum, a naive examination of the evidence suggests that -
the departments which adhered nost clearly to the make or buy
directive, Agriculture and Natioral Health and Welfare, are also
the departments which have done znd continue to do relatively
little R&D contracting. There <as no apparent response among depart-

ments which had a relati&ely significant involvement with private

T
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R&D contractors prior to the implementation of the policy.

This examination of the proportion of departmental R&D
expenditures contracted to industry has not been and cannot
be conclusive. This fraction is subjected to random variation
and, perhaps to systematic variation resulting from other
changes in the environment.

In order to determine whether observed changes in the
fraction of departmental R&D contracted to industry are
systematically related to the issuance of the make-or-buy
directive, a fully speeified stavistical model iz regulped. A

discussion ¢f this model appears in the next sectior.

3.3 Statistical Analysis: Payments to Industry

The purpose of this section is to determine statistically
the extent, if any, to which the make or buy directive has been
complied with.

OQur empirical analysis takes the form of a time series
regression model in which the fraction of R&D contracted to
industry is the dependent variable. If the policy has been
implemented, the dependent variable will follow a positive
linear time trend beginning in 1973.

The data used in this analysis were annual data from 1963
to 1980. Regression equations are estimated by Ordinary Least

Squares and the Cochrane-Orcutt method. Each department was
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considered separately. However, the foregoing methods of
estimation may not be desirable for those cases in which the
dependent variable does not satisfy the assumptions of the
general linear model. Here, the variable to be explained is
expressed as a proportion which 1is restricted

to values between zero and one. James Tobin (1958) has
suggested a more appropriate method of estimation for such
limited dependent variables known as TOBIT.u7 The multiple
regression model may be applicable when observations are not
concentrated around the limits or when limiting observations
can be omitted from the sample without seriously reducing the
sample size.

The dependent variable takes on the limiting value of
zero for several years in the case of both the Department of
Agriculture and the Department of National Health and Welfare.
In both cases TOBIT estimation is employed.

The single equation statistical model adopted is expressed

as below:

(), = a, + o.TD, + G +aTD*G_

£ 0 IR N SV ke

t

|

¢

where I = total expenditures on R&D in natural sciences contracted
to industry plus total expenditures on feasibility

studies contracted to industry.
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R = total current real expenditures on R&D in natural
Saillences.
TDt = 0 prior to the implementation of the policy
= 1 the year the policy was implemented and increasing
linearly with time thereafter.
G_1 = Real growth in the department's science budget and
is calculated by dividing present year's total real cur-
rent R&D expenditures by last year's total real
current R&D expenditures. That is,

RR/RR_1 where RR = total current R&D expenditures
government services price deflator

w = Random disturbance.

The variable (I/R) represents the proportion of federal
R&D contracted to Canadian industry. It takes on the value of
zero for the years when no-mission-oriented R&D was contracted
out. The maximum value for (I/R) is one. This represents the
hypothetical case of no mission-oriented R&D being carried out

intramurally.

3.3.1 Time Dummy Variable

An important feature of this time series model is the
cumulative time dummy. The policy dummy, TD, takes the form of
a linear time trend. Implicit here is the assumption that the
dependent variable is increasing continuously over time but at a
decreasing rate. Although this may not be suitable over a long

period, it is an adequate approximation over short periods.
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While a constant growth rate model might be a superior
Spetil Midifion, it 1 preciiided here by Che Zerd Valle wlvi@ik 1s
often taken on by the dependent variable.

Two different years were proposed as to when the initial
effects of the policy would be evident. Peter lMeyboom asserted
that

...contracts are being awarded daily, and one
can conclude that the policy is indeed being
implemented. Imr faghb, 1€ we confine our
attention to new money and discount for infla-
tion, it can be estimated that the $18.8 million
that was contracted out in fiscal year 1973-4
represented virtually all new money that was

available for R&D in that year. The first year
of implementation was therefore successful (p. 585).u8

On the other hand, Statistics Canada suggested,
Because the 'Make or Buy' policy applies only
to new federal R&D programs or additions to
existing programs and due to the length of the
budgetary cycle (2 year minimum), the impact of
this policy is not expected to be known before

the 1974-75 fiscal year (1974, Federal government
Activities in the Natural Sciences, p. 31).49

In light of the two sources mentioned above, both years
were tested.

Estimated responsiveness to the 'Make or Buy'" policy by
departments may- e ebtilined By the coefflciemt of the pelley
variable (TD). The magnitude of the department's response is
reflected in this coefficient. Its Student =t statistics
determine the significance of the time trend. In the case where

the interaction term (G¥TD) is included, the combined influence
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must be considered. That is, the departmental marginal response
for a given growth rate 1s partly represented by the coefficient

of the interaction term.

3.3.2 Growth Variable

The amount directed to industry relative to total current
expenditures, depends, in part, upon the behaviour of the
departmental science budget. One would expect a positive relation
between the growth rate of the departmental science budget and
the proportion contracted out for two reasons. Firstly, when
a department experiences a growth in their science budget, it
is faced with the choice &f whéther to enlarge, their research
facilities or to contract out. The costs of adjustment to an
inéreéeased demand for scientific activity may be lawrge 3f the
department deeides to establigh new research faecilifies  and to
search foP ghd ftraln ad@itiofigal resegréhers. It .could ¥ less
gogtily 1if the department adjusts to this higher budget by using
established research facilitles in the private sector thircough
contractual arrangements. KFurthermore, a department may be
regquired te ‘perform to sciengific investigation within & time
constraint, in which case it would be more inclined to utilize
any available scientific capability of the private sector.

Second, the departmental cost of response to a variable
budget could be reduced if contractual arrangements were employed.
That 1s, a department may view its budgetary growth as transitory

and may therefore ©be hesitant to enlarge its research capacity.
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It may be costly for a department to acquire additional scien-
tific resources for use during peak periods, and then to
maintain them as idle resources during off-peak perlods. More-
over an institutional constralnt also restriets the employment of
government scientific resources during off-peak periods. In
the private sector, in contrast, a firm can even out a flue-
tuating demand for R&D by seeking research contracts with other
TLFME .

Given the eosts of adjustment and the cost.of Pesponsé o
transitory budget increases, one would expegt the proportion
of extramural R&D contracted to industry to vary directly with

the departmental growth rate.

3.3.3 Multiplicative Growth Variable

It is not unreasonable to expect that the department's
willingness and/orability to comply with the directive is also

50

a function of growth. In the absence of real growth in science
funds, the full brunt of the policy would be borne by intramural
scientific staff. A plausible reaction of government bureaucrats
would be to resist the policy.

Im addiftten, Sincé the initial phase of the Wakée oF bDuy
policy covered only 'new R&D' or 'new money', long delays in
Bl

policy response would be expected with slow budgetary growth.

Departments with different growth rates will respond
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differently to the policy, and departments which respond
differently to the directive will also respond differantily

to a change in the growth rate. To allow for the interaction effect
between these two variables, the multiplicative growth term

is introduced into the model. This interaction term will
measure the additional effect of the combined influence of
growth and the make or buy policy. Multicollinearity between
the interaction term and each of the explanatory variables is
likely and therefore, the standard t-test may not be appro-
priate. A special test will be used to determine whether or not
the joint effects of the policy and departmental growth are

Sitat Bsitifealkyl i gnidificants

3.4 Statistical Results

The detailed results off the statistical enalysis of

the 1963-80 period are presented in Appendix B. They include
both the case where the time dummy first takes on a non-zero
value in 1973 and the case where it first takes on & fign-Eero
value in 1974. Also, the equations with and without the inter-
action term were estimated. Results from TOBIT estimation for
Agriculture and National Health and Welfare are also included.
Without going into detail, the conclusiorsof this analysis may

be summarized as follows.
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3.4.1 Coefficient of the Time Dummy

In Table III, the estimated values of the coefficient and
the t-ratios of the time dummy variable are summarized.
The t-ratios of the respective departmental time dummies are
the basis upon which we determine departmental compliance with
the letter of the make-or-buy directive. The justification
for adopting this approach is that the policy variable t-ratio
reflects the effects of: (a) the size of the estimated regression
coefficient, which measures the magnitude of the marginal
policy response; and (b) the standard deviation of the
estimate of the regression coefficient which indicates the
volatility of 1I/R over time. Thus, a high t-value 1mplies a
large and/or stable response to the directive while a low t-
value implies a small and/or unstable resvonse. For those
departments with a policy variable has a t-ratio that is sig-
nificant at the 5% level, we can infer policy compliance.

The t-statistics of the policy variable show that
the make-or-buy policy has been complied with to some degree
by Agriculture, Environment, National Health and Welfare,

National Defence and Transportation. 1In all cases except that



TABLE

EL1

by,

MAGNITUDE OF THE DEPARTMENTAL RESPONSE TO THE MAKE OR BUY POLICY

Estimated Without Interaction Term

Agriculture
Communications
E M.
Environment

s Defence

NI HidW .

Transportation

®,1973 a1197u
o T-ratio o 5
1 T-ratio
3.E.) ek
.176843E-02%  (8.39) - 2097038=02 4 (13 4L8)
(.210714E-03) (.155617E-03)
-.391239E-01 (=Dl -.387193E-01 (alb o)
(.268061E-01) (.282406E-01)
-.289559E-02 (+28) .277251E-02 (.319)
(.75669L4E-02) (.869544E-02)
.137974E-01% (4.03) .106222E-01 & (5.66)
{ s 3U22TIESDZ) (.187737E-02)
.177032E-01 B .257091E-01 % (2 545
(.994113E-02) (.105757E-01)
.518382E-03# (3.15) .580122E-03% (2.91)
(.164789E-03) (.199320E-03)
+357811E-0L #* (2.55) .344260E-01

(.140048E-01)

Estimated With the Interaction Tern

Agriculture
Communications
E:M.R.
Environment

i, Defemee
N.H.W.

Transportation

(.186119E-01) -

(o &%)

Combined Effect: 1973 Combined Effect: 1974
include a3 include a3
.17928E-02%# @ lor ) « 21 34T/ -G (6.9U4)
(.9925E-04) (.3077E-03)
-.515768E-01 (=1 189 = 2001288 E-0L (=1.21)
(.272265E-01) (.19785E-01)
.39804E-02 (0.51) .38387786E-02 (0.40)
(.07757E-01) (.9498E-02)
.124201E=01 £3.60) LA2TUBLIE=BT¥ ~(3.02)
(.34532E-02) (.4226E-02)
.204109E-01 (1.96) .264395E-01% (2.37)
(.104283E-01) (.1162E-01)
.5186E-03% (3.08) .5828667E-03% (2.92)
(.168625E-03) (.199726E-03)
.421696E-01%# (2.97) .38731498E-01% (2.19)

(.114846E-01)

(.177078E-01)
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of Communications, the sign of the time dummy variable

was consistent with compliance. The evidence indicates that
in most departments, the policy has had a positive impact

in rechannelling federal R&D into the private sector.
However, the success of the policy does not depend on the
existence of a response alone, it depends also on the magni-
tude of the responses.

The question to be considered here is to what extent
did each department respond. In order to perform an inter-
departmental comparison, interval estimates for the true
values of the dummy coefficients were constructed and ranked.

I the absSamee T the interaction Term, 5he ranking of the
interval estimates for the departments concerned is shown in
Téble IVa. TIneluding the interaction variable, the confidence
interval estimates are ranked in Table IVb.

Upon examining the magnitude of the departmental responses,
the Department of Transportation seems to have been most affected
Leplithe mald ¢or Buy pélley.” The coefficient of the fime tkend
suggests an annual increase of 3.5 percentage points in the .

amount contracted out by this department.
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TABLE IVa: Confidence Interval Without Interaction Term

LG 1974
AGR . 2215E~-02 .13218E~02 .33001E-02 .26405E-02
COMM .198761E-01 -.981239E-01 .234382E-01 -.1008768
EMR :189373E-01 -.131463E-01 .212067E-01 -.15661TE-01
ENV - 21.0535E~-01 .65413R-02 .14602E-01 .6642U4E-02
NDEF .387783E-01 -.33719E-02 .481295E-01 .32887E-02
NHW . T7T009E-03 .27E-05 .10026E-02 .1576E-03
MOT .654712E-01 .6091E-02 .738832E-01 -.50312E-02
TABLE IVb: Confidence Interval With Interaction Term

TS 1974
AGR .19889E-02 .15967E-02 .27864E-02 .14818E-02
COMM .83487E-02 .515768E-01 .195339E-01 -.675595E-01
EMR .204252E~01 .124644E-01 .239744E-01 ~.16297E-01
ENV .197408E-01 .50994E-02 .217075E-01 .37893E-02
NDEF .1697E-02 .425188E-01 .18051E-02 .510739E-01
NHW .876E-03 .1612E-03 .10061E-02 .1595E-03
MOT .665169E~01 .178223E-01 .T62719E-01 .11909E-02
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The responses of National Defence and Environment were
positive but moderate. EMR, Agriculture and Health and Welfare
Canada would rank third. The magnitude of the increase in
their contracting activity was very small. Unlike the other
departments, the estimated coefficient of the time dummy for
Communications was negative implying no response to the

directive.

3.4.2. Sensitivity to the Growth Variable (G)

The coefficient of the growth term is positive and sig-
nificant for the Departments of Energy, Mines and Resources and
National Defence. It 1s negative for Communications and Health
and Welfare Canada, but not significant. When the year 1974 is
employed as the first non-zero value for the time dummy variable,
the coefficient of the growth variable for the Department of
Environment is negative and statistically significant. This
suggests that the Department of Environment responded to the
increased growth in its science budget by intensifying its intr-
mural R&D effort. This is not in accordance with the earlier hypo-
thesis that a greater proportion of extramural R&D will be contrac-
ted out to industry as the departmental growth rate increases.

The reaults for inergy, Mineg and Regourees and National Defence

are consistent with our expectationsand robust with respect
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te the $ear 1R which the First Impace O the& pollisy l1¥ azedmned
to be evident., Moreover, there vere no discernible differences
in the results obtained from the two alternative methods of

estimation.

3.4.3 Sensitivity to the Multiplicative Growth Variable (GTD)

When the interaction variable is incorporated into the
Pegression equation, it lis.assumed Llhiat the departmentsal
marginal response to the policy depends in part, upon the rate
of budgetary growth. It is assumed also that the poliéy has
brought about a change in the departmental marginal propensity
te eontract oul with respécth O growth of the Eciwmes Budgel .

For &ll . .seven-departments , 'the goafTicient of Che mulvimiticative

growth term 1s insignifieant.: When the Ordinary)lezst Sguares
estimation method is employed the Department of Communications
has a negative and statistically gidpnilieant coeliticiend TOF

the interacted growth terms. This confirms our earlier conclu-
sion regarding the response of this department to the Make-or-Buy
D recitiive .

3,4, 0 Sepgltlvity to the Year in whienh Time Dummy = 4

The estimates obtained from the two alternative
years in which the time dummy first takes on a non-zero value
were virtually identical. Only for the departments of National
Defence and Transportation were there any differences in the
significance of the estimatedcoefficient of the time dummy vari-

able. Using the Cochrane-Orcutt method of estimation, the results
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demonstrate no apparent response by the Department of National
Defence when time dummy equals 1 in 1973, However when the
first impact 1is assumed to appear in 1974, the coefficient of
the time dummy variable is positive and significant. In

goitrast , the ¢coeificient eabimated for TramdSportatiobh ds sIgEIT L=

et when BD-2 Y 10 1973 but net when TD « 1 imalg74.

3.5 A Forecast of Contracting Out in 1985

It is essential to recognize that the model employed may
under-estimate I/R in the long run. Short term predictions
should not be seriously biased and will provide some indication

of the future impact of the make-or-buy policy. 1In

Table V, 1985 forecasts of the fraction of extramural

R&D conducted by Canadian industry with and without the influence
from the interactive growth term are presented. The average
growth rate over the past 17 years 1s assumed to prevail in 1985.

TABLE V
Forecast of the Fractions of R&D Contracted
Out to Industry by 1985

Predicted (I/R) 1985

Predicted (I/R) 1985 (c GTD)

TH7 S ol L s TD74
AGR. 028129, 0246407 AGR. .0224243 .0250869
COMI . .0387047 .o4L1641 COMM. .123244 .1247036
E.M.R. .0140701 .0868031 Bl R o 10SHNT3 .1000172
ENV. .1944762 163722 ENV. .17471125  .1730764
N.DEF. .3690396 .408355 M.DEF. .36086097 .40639699
N.H.W. .01212 .0088137 N.H.W. .0043253 .0088756
MOT .6755574 .6446773 MOT .74952017  .69215066
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3.6 Conclusion

In conclusion, the Department of Agriculture, National
Health and Welfare and Environment have exhibited an upward
trend in the fraction of natural science R&D contracted to
industry. The magnitude of the increase in this fraction was
very small for Agriculture and Health and Welfare and rela-
tively large (1.3 per centage points annually) in the case
of Environment.

Ranking departments in terms of the magnitude of policy
response, Transportation has by far the largest annual increase
in the proportion of extramural R&D commissioned to Canadian
industry. In 1985, Transportation is expected to have approxi-
mately 70% of its mission-oriented R&D performed by the industrial
sector.

National Defence and Environment rank second in the relative
degree of policy response. They are expected to have respectively
about 38% and 17% of their R&D tasks contracted out by 1985.

The proportion of government funded R&D conducted by private
firms actually declined in the case of Communications. However,
the negative trend evident in this period is not statistically

gilght ficant.
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CHAPTER 4

4.0 FRACTION OF R&D PAYMENTS TO UNIVERSITIES AND OTHER

NON-PROFIT INSTITUTIONS: 1963-80

in ' Taple VI, the propertioni of extramﬁral R&D contracted
out to universities and non-profit organizations by the seven
departments is presented.52

Of the seven departments, Agriculture has had the least
involvement with academic and other non-governmental establish-
ments. Over the period 1963-64 to 1980-81 1less than 5% of
its annual current R&D in natural sciences was contracted to
this sector. There does appear to be an
upward«trerd im the preportiens of R&D contracted oht e
universities and other hon=profiiyenganizations,.byx faricullEiie .

During the 1970's, EMR's proportion of extramural R&D.cen-
tracted to universities and other non-profit institutions grew
rapidly. -Thé& increases in thesa Tractions wére mOst prReneumeed dorimng
the years 1975-76 to 1980-81. From 1963 to 1969, an average of
2% of mission-oriented R&D was conducted by universities and
non-profit organizations, while the average proportion increased
to about 17% in the 70's.

There were no discernible trends for the Departments of
Communications, Environment, National Health and Welfare,

National Defence and Transportation. Communications contracted
its largegt fraction of extramural R&D to the. agademicissectos
in 1972, Thls was followed By & contlinugus decline. 1N R

tions over the next few years. The proportion of mission-

oriented R&D performed by non-profit firms on behall of-
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Envirc:iment and National Defence fluctuated from year to year
and fcllows no definite trend. The fractions were generally
highe» in the 70's for Environment, but the evidence suggests
the oprosite for National Defence. Transport Canada showed
ne sus-ajried trend In either direetion.

Thoe most striking feature in Table VI is the proportion of
extram.ral R&D contracted to universities and non-profit firms
by Health and Welfare Canada. During the 1960's, the average
fraction contracted out was ten times that contracted bout by
National Defence or Transportation. This proportion has since
exhibitod a definite downward trend.

Ir conclusion, although the fraction involved is very small
there rns been a strong positive trend in contracting out teé
universities by the Department of Agriculture. In contrast,
Health .nd Welfare Canada exhibited a modest negative trend
following the issuance of the make or buy directive. Even so,
National Health and Welfare contracted out ten times as much as
Agricul:ure to universities and non-profit organizations in
1980-81. Naive analysis of the time-series statistics as above
cannot offer conclusive results with regard to the effect of
the Mak: or Buy policy on the share of R&D performance by the
academi. gnd non-profit sector. A more rigorous statistical

test is introduced in the following section.
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4.1 Statistical Analysis: Payments to Universities and Non-

Profit Organizations

In the previous section, we have determined statistically
those departments which have and have not responded to the
Make or Buy directive. An essential question now, is whether
there has been a response to the 'spirit' as well as thé
'letter' of the make or buy directive. It may have been the
case that the affected departments have attempted to comply
with the directive by shifting extramural research and develop-
ment from universities to industry rather than shifting intra-
mural research and development to industry.

To examine empirically whether the departmental compliance
wés to the spirit, as well as the letter of the policy, a time
847108 regresgsion model is employed.: The dependent variable
is the fraction of mission-oriented R&D contracted out to uni-
versities and mome-profit organizatlions. The model 1=
specified as a single linear regression equation. The dependent
variable, as before, will follow a positive linear time trend.
Methods of estimation are Ordirary Least Squares and the
Cochrane-Orcutt iterative technique. The model employed is
expressed as

(% ¢= Bg t ByTD ¢ B2G_lt+ BBG_lt*TD vy
where E = total expenditures on R&D in natural sciences contracted

to universities and non-profit organizations, plus
total feasibility studies contracted out to universities

and non-profit organizations.
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R = total current real expenditures on R&D in natural
geLeMees .

T

0 prior to the implementation of the Make or Buy policy

1 the year the policy was implemented, and increasing
with time thereafter.

G:f Departmental real growth rate.
o

vt = Randon Disturbance form.

LThe vardiable (%)t represents the fraction of federal R&D

contracted to universities and non-profit organizations.

4,131 Coefficient of the Time Dummy (TD)

The -guefficient of the time dummy , Bl, captures the influence
¢f the Make or Buy poliey, on the frasction of R&D sontracted cut
to universities. The combined influence froim the tnTeiadEton of
the time dummy and the growth term mustmalso be cengidered.

IT the coeffiecient of the time dummy variable IS negatlive
and significant, we could infer that the policy has had an adverse
effect on the universities' share of federal mission-oriented R&D.

If the coefficient of the time dummy variable is megative,
and the department considered has complied with the Make or Buy
directive in terms of a sigmificant increase 1h the preoporvlon
contracted out to industry over the years policy has been in
operation, then we could infer that the department has followed
only the ietter and not the spirit of the policy.

In the case where there was a significant reduction in the
fraction of R&D contracted to universities, and no significant

change in the fraction of R&D contracted to industry, then, over
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the years, the department has increased its intramural R&D
capacity and has ignored the make or buy directive altogether.
Finally, if the coefficient of the time dummy variable is
insignificant or positive and significant, and if the department
has responded to the directive by significantly increasing
the industrial share of R&D performance via contracting out,
then the department has adhered to the essense of the Make or Buy
p&liey .

4.2 Empirical Results

The estimates of the Bi are reported in Table
VII. The coefficient of the time dummy variable is significant
for Agriculture, EMR, National Defence and Health and Welfare
Canada. Of the departments with significant trends, National
Defence and National Health and Welfare have a negatilve time
dummy cgefficient. The evidence suzgests, therefore, that the
proportion of extramural R&D contracted to universities and non-
profit organizations by DND and NHV, was significantly reduced
ater the introduction of the make or buy policy.

The prepertien of R&D contracted out to universities, as
significantly increased for EMR, while Communications shows no
statistically significant change.

The influence of the growth variable is significant only
for the Department of National Defence. The multiplicative
growth term 18 Insignificamt throughout.

To summarize, the following conclusions can be drawn: (1)

Of all the departments which have complied with the letter of




TABLE VII(a): Estimated Without Interaction Term

1973 1974
Agriculture .339248E-02% .392071E-02
(6.19) (6.64%)
Communications .124911E-02 .580902E-03
C&3) (.097)
M R .349842E-01% JU1T112E=-Q]*
(4.67) (5.59)
Environment L27T7237E-02 .226536E~-02
- 85) («56)
N. Defence -.437866E-02% =, I 76 TOAE- 2R
(-2.38) (=2.26)
N.H.W. -.3863U42E-01% -.427356E-01%
(-7.23) (-5.10)
Transportation -.53455Q9E-02 -.4881U46E-02
(-. 747451 (-.63)
TABLE WIf(h): Estimated With Interaction Term
1973 1974

Agriculture
Communications
Bia MioR s
Environment
N. Defence

‘ ! N.H.W.

Transportation

.3482E-02% (6.96) .39957E-02*%¥ (3.05)
(.0150108E-02) (.1308E-02)

sSOQLYE=02 (.85) .36372E-02 (¢ B0

(.5857E-02) (.6474E-02)
.329591E-01% (3.47) .396388E-01% (3.05)
(.9497E-02) (vLACUB=0R]
.37308E-02  (1.08) .34622E-02  (0.84)
(. 3454E<02) (.411E-02)
= §30TIE-02 ° ~. BLETIB-0RE (454 23)
(.7998E-03)

~.3865225-01%(~5.61)=.420256E-01% (-3.98)

(.6894E-02) (.10563E-01)

-.51439E-02 (-0.69) -.43394E-02 08 .76]

(.7358E-02) (.5703E-02)
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the make or buy directive, namely, Agriculture, Environment,
National Defence (1974), National Health and Welfare and
Transportation (1973), only the Departments of Agriculture,
Environment and Transportation (1973) have adhered to the
'spirit' of the policy; (2) The Departments of National Defence
and Health and Welfare Canada have complied with the make or buy
policy at least in part at the expense of the universities and

non-profit organizations.
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CHAPTER 5

5.0 Departmental R&D Mandates

In most departments, the estapllshment &f stlentific
priorities begins with an examination of departmental mandates.
inéy may inélude poliey formulatich,; regulatery Pesponsibilkities,
safety standard determination and enforcement, or responsibili-
ties in support of industrial development. Research and
development activities required are, in general, supportive of
agencies' various objectives.53

In order to assess whether or not the contracting out policy
is compatible with the departments' principal missions, mandates
of each of the seven applied research-oriented departments

considered throughout our report are examined. We will in-
vestigate the nature of R&D carried out by each agency and its
suitability for industrial contracting.

On the basis of the documents submitted to the Special
Senate Committee on Science Policy, it appears that departmental
science policies have not been and perhaps cannot be stated
explicitly. Moreover, in some departments the R&D effort
cannot be easily assigned categories such as basic research,
applied research or development. However, since an agency's
mandate determines its science priorities and thus Ré&D.
requirements, we can assess the orientation of a department's
science activities by examining its responsibilitles. The
following investigation is based on briefs submitted to the
LamOntagne Committee, various precedings before the Senate and

MOSST's Background studies.
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It is generally agreed that industrial R&D is almost all
applied and associated with the development of speciflc pro-
ducts and processes, while university R&D 1s mostly basic in
nature. Government R&D 1s for the most part applied, but in-
cludes some basic research (MOSST, 1981, p. 3).5M

The Ministry of State for Science and Technology listed
four fundamental justifications for federal support of science
agtlvities:

"(a) the benefits of the R&D accrue to society and can

be captured only with difficulty, if at all, by the
performer of the R&D (externalities);

(b) there are economies of scale to be achleved by
having, the R&D performed by the government rather than

by a large number of small units (economies of scale);

(¢) the functions which the R&D supports are not
divisible, e.g., defence (indivisibilities); and

(d) the risks or costs associated with the R&D are too
large for the private sector alone to assume".55
(Background Study 1981, p. 2)

While scientific activities differ with depart-
mental responsibilities, the make-or-buy directive
is applicable to all mission-oriented R&D supported by agencies
listed in Schedules A and B of the Financial Administration Act.
The discussion below briefly examines scientific activities

adcpted by each department and assesses their suitability for

contracting out.

Julwil Jaricul tuke

On August 10, 1976, the representatives from the department

of agriculture appeared before the Senate Committee on Science



Paliey,  Ertelfing- the Commlittes on" the role of 3eienge Thn

Agriculture Canada and the use of the contracting-out policy,
Dr. Migicovsky stated that the indiscriminant application of the
make-or-buy policy to everything and everyone would be 1l11l-

56 He noted that the clients of the Research Branch

advised.
of the department are mostly farmers who represent the produc-
tion end of the industry. They do not have the means or the
capability of carrying out research to improve the efficiency of
food production.57 A §igni st preporbidh of food Re@cEREGh i8
in seed variety development. New seed varieties have not been

S tut's activity has held little interest for

patentable
private firms.

On the non-production éide, there are some companies in-
volved in food processing who are prepared to take up contracts,
but in general, the food industry is very hesitant to perform
research and development where results of the investigation will

59

apply outslde their particular company. According to state-
ments made by Dr. Migicovsky, Agriculture Canada is prepared to
issue contracts to interested individuals and companies where
suitable and is prepared to consider seriously unsolicited
proposals from various companies or a pool of companies.60
The make-or-buy policy itself does not appear to conflict with

departmental objectives. However, many research tasks cannot be
conducted efficiently by individual farmers and food processing

companies are apparently of the opinion that spin-off benefits

are minimal and/or largely inapopropriable.
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5.1.2 Communications

Long before the make-or-buy directive was issued,
the Department of Communicaticns emphasized the
pPaetice of cortracting=6ut their mission orietifed R&D." From
1968 to 1972, an average of U44% of the total current R&D expen-
ditures in natural sciences was contracted out to Canadian indus-

try.6l

No other departments contracted-out as great a fraction of

its R&D activity. A large part of this was attributable to

space related programs, specifically the Communications Tech-

nology Satellite program. The Space Program accounts for about

T70% of the departmental science budget.62
In a report published in January 1981, the Ministry of

State for Science and Technology cited the Department of Communi-

cations as an example of a department which has supported indus-

63 It is the view of MOSST that Communil-

trial R&D by contracting out.
cations has a responsibility to strengthen their scientific capability
of space and communications industries and that contracting-out policy
can be used productively to encourage socially desirable high risk
projeets In ThHIW dr€a.

In June 1977, Communications department expressed its views
with regard to the government support of risky programs:

"In Communications field there are areas in which Canadian

Industry: has and will eontinue to be very suecegsfui on

1Es own. Uhere are aldo Arezs Tn whish thée Fisks are 2ueh

that produicts and sePvices likely €an only be developéd

and introduced with the support of the Federal government".6u

(Brief to Senate 10A:114)

It is apparent that the objectives of DOC have included

industrial support via contracting out. Moreover, the nature

of the R&D for which it is responsible is such as to generate
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the type of spin-off benefits which would have given DOC an
incentive to contract-out in any case. Lt Jos Uhere rers, het
surprising that the make-or-buy directive has not induced any
additional contracting-out on the part of DOC. We may also
offer the conjecture that further contracting-out could be

potentially wasteful.

5.1.3 Energy Mines and Resources

In terms of total Federal Expenditures on scientific activify,
the department of Energy, Mines and Resources (EMR) is one of
the larger departments in the federal government. Energy, Mines
and Resources is an amalgamation .of. various federal agéndies. It
was formed by incorporating part of the previous Department of
Mines and Technical Surveys and of the Water Resources Division
of the former Department of Northern Affairs and Natural
Resources.65
As a continuation of the former Department of Mines and
Technical Surveys, EMR has long engaged in many earth science

66

and geoscilentifiec activities: A _large part’ of Ghe debartmesnt 'S

R&D 1is to promote resource déVisloplisnt , ensuré resolifce EVElle

ability for indigenous industrial activities and provide sound
rational resource management. Research work of EMR is connected

with several basic industrial sectors and therefore with industry

K general.67 Aceording, bor 8 selemes Council mFegoRt Mmasusd) im 1971,
86% of Canadian expenditures on overall geoscientific activities

were made by industry and less than 8% by the federal government.

Moreover, 63% of R&D in this area was supported by industry and
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slightly over 20% by the Federal government.68 This seems to
indiiecate that the nature of RaD eonducted by BEMR has The
potential for a high degree of 1ndustrial participatiomn.
Presently, departmental scientific activity is determined
by the National Energy Program. The National Energy Program
(NEP) of 1980 noted that "fully two-thirds of federal research
and development expenditures ($160 million in 1979-80) is now
devoted to the nuclear option, including research on nuclear
fusion".69 The program allows for some nuclear R&D related
to radiocactive waste management but otherwise stipulates that
the overall R&D should concentrate on new energy sources.YO
Th'e Méd iongk ERergy Program agserts Turther -that 1h erder Tor
new régearch amd developmenit priorifties o be realized, 'Mmopré
contracting-out to industry as well as reorganization of the

federal science activities are required.7l

It is apparent,
therefore, that the overall research mandate of EMR is com-
patible with contracting-out to industry. If the future R&D
projects of Energy, Mines and Resources are in the nuclear
oriented areas as NEP has emphasized, however, industrial
involvement via eontracts may not c¢hange diseerniibly because
much of the proposed R&D would be directed to Atomic Energy of
Ceriada Liwmitead® (AECL).

In sum, the departmental R&D mandate is consistent with the
contracting-out policy. Moreover, the type of R&D undertaken by

EMR is 1likely to result in the type of spin-offs which can make

contracting-out socially beneficial.
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5.1.4 Environment

a science advisor to the Department of the Environment asserted

that

In a brief to the Senate Committee on Science Policy, Dr. Roots,

"We have a mandate which gives us responsibility for
the land, the air, the water, and most of the natural
living things that are in it, on it, or in some cases,
under it".72

The department is concerned with controlling undesirable

externalities created through industrial and other

activities. Also, Environment is devoted to the pro-

tection of natural resources and provision of high quality scien-

tific information to increasc¢ the safety, efficicnecy and pro-

fitability of many industrial operations. With respect to the

make-

and

or-buy policy, Dr. Roots contended that

"...the application of the "make-or-buy" policy, namely,
that transferring government scientific work from in-
house laboratories to industry will stimulate industrial

innovation and technology transfer, and thus lead to
more competitive and profitable Canadian industry -

Ias little relevance in many eases for many wf Ghe
sctentifie aoctivities of the Department of ‘Elis) Enyvinset-
ment".73

"Although there are conspicuous exceptions, such as with
our program of pollution abatement technology, by and
large the scientific activities of the Department of the
Environment are not the type that are directly relevant
to the immediate development of marketable products, and
the contractor who provides scientific services to the
department is very rarely able to turn around and find a
large number of national or international customers for
his new knowledge."7u

A great deal of the R&C carried out by the Department of

the Environment is related to environmental protection. In
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Dr. Roots' views, "not very much of the contracted science can be
expected to have industrial spin-offs of the type envisaged in
many statements that have been made to justify the policy in
general."75
While many prgects may not have direct industrial spin-offs,
MOSST argues that environmental R&D activities may have a direct
positive effect on the development of industrial scientific
capability, which is nothing other than a very weak spin-off.
By performing R&D of any kind, industry may learn and thus in-
crease the chance that it may discover something in the future.
In sum, the R&D activities of the Department of Environment
appear to be characterized by an absence of spin-offs. As a

consequence there appears little to be gained from the applica-

tion ofthe make or buy directive to this department.

5.1.5 National Defence

The role of scientific activities within the department of
National Defence is by and large determined by present and future
départmental ébjectives. In addition, its sclence pollcies
depend upon the availability of resources and the general govern-

ment policies relevant to science and technology.
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The Department of Defence has and is giving considera-

tion to the proposal that 1t be part of DND R&D policy to

& assist in developing Canada's defence industrial capability
‘ by use of industry for defence R&D and by transfer of appro-
| 76

priate technology from government to Canadian industry.
Among the responsibilities of National Defence Head-
quarters (NDHQ established in 1974) is that of "recommending
industrial research policies and programs, for providing
direction, coordination and administration of all R&D related
to.the government "make-or-buy" policy on R&D, and for identi-
fying, selecting, promoting and implementing the transfer of
appropriate innovations in defence technologies to the

el &

private sector". The management of DND thus appears to
recognlze that sclenfific &ctlVitlies of Thile departmene Sitave
a significant impact on the Canadian defence industry.

During the period 1969-1975 inclusive, 183 patents were
filed in Canada by DND. Thishas far outranked all other
departments, imeluding Communicaticons. If the number of patents
received indicétes the relative degree of commerciad potemiial,
then defence R&D is likely to be associated with large commer-
cially exploitable spin-offs.

Notwithstanding the apparent commercial potential

in Defence related R&D, DND has contended:

R firdv e
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"The government introduced its "Make or Buy" policy in

1973. Much defence rescarch and development work is not

amenable to Make or Buy since it 1s diffilcult to Interest

industry in any applied research and development projects

that do not promise a large production for Canadian de- R
fence or a substantial export opportunity".79 (9a:247)

5.1.6 National Health and Welfare

The Department of National Health and Welfare (NHW) is often
viewed as the department which protects the public from social

80

and economic hazards. The primary mission of the department
is regulatory in nature. One of the nine duties
and powers stipulated in the Statutes of Canada, 1944, is the
responsibility to "investigate and research into public health
and welfare“.8l The formulation and support of research in
National Health and Welfare, as in most other departments, is to
enable them to accomplish their missionénmore effectively.

The departmernt is divided inte five branches, three on €hg
health side and two on the welfare side. Most of the mission--
orjented R&D 1n matural sciences is concentrated im the Hegith

Protection Branch (HPB).BM

The responsibilities of HPB are to
ensure
"adequate standards for the public sale of foods, drugs,
cosmetics and medical devices, the surveillance, control
and research of environmental factors and of communicable
diseases in order to protect the general public."83
(How Ottawa Spends Your Tax Dollars, p. 93).
With respect to the department's relation with industry, in
the brief summitted to the Senate Committee on Science Policy,

National Health and Welfare expressed the following views:
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"The relatlonship to industry of Health and Welfare's
gaimne rfia detivitieg 18 Bohh 1ndireet and dRredt,
resulting in standards, regulations or programs which have
an impact on industry, for instance, research in areas
such as environmental contaminants, foods and drugs."gu

Evidently, a large part of the department's scientific
activities are in support of its regulatory funeétions, and thus,
involve weak potential for industrial spin-offs. Furthermore,
innovative activities of NHW are gradually being redirected to-
wards social science research. Health priorities are being
ghifted  from speclfic health problems to broader PEELrEmE n-
volving preventitive medicine, environmental hazards and occupa-
tional health. With greater emphasis on 'social technology' on
the welfare side and the application of social sciences on the
health side, the proportion of departmental R&D covered by the
make-or-buy directive is declining.85 :

From a superficial assessment of the department's R&D

orientation and direction of research, it appears (hal -mugh, of

the R&D activity of NHW is not suitable for contracting out.

5e-1e (  DBRANERSWELE 10N

The document summitted by Transport Canada to the Senate
Committee stated that , although the department has no specific
mandate with respect to scientific activities, all of the department's
responsibilities involve activities which require a great deal of
competence in the physical and human sciences".s6 Aldsaf whe

department's R&D activities are mission-oriented and development

intensive. More than 90% of total science resources concentrate
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on bhe developmEémt phase. There is no curiosity-oriented research
performed or supported by.Transport Canada.87 To the extent that
they involve development as opposed to basic or applied research,
Transport's R&D projects are suitable for contracting-out to

the  indastrial saetor.

Leamsport Camada 18 divided into vdrious groups end brarchas,
each responsible for various activities which may or may not
require the suppé¥®Pt of acélence and technology. In the ldte IT970:%s .
the research and development function in Transport Canada was
given to the Strategic Planning Group. Apart from the formulation
of long range policies affecting several modes of transportation,
the group is responsible for "providing a stronger 1link between
R&D activities and transportation policy and system requirements".88
(Annual Report 79/80).

The Strateglc Planning Group is further subdivided into
seven branches. Transportation research and development (R&D)
policies, plans and programs for the government and private sector
are developed by the Research and Development Directorate. The
Planning and Coordination Branch assists in the development of
future government research strategy, levels of funding and priori-
ties. The Transport Development Centre in Montreal undertakes
R&D activities for various sections of the department. Research
plans are developed in consultation with advisory boards (Air,
Marine, Highway and Rail) to promote the discovery and application
of techniques to enhance the safety and efficiency of the Canadian
transport sys‘cem.89

To date, Transport Canada has let many R&D contracts to
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indusecry.. With respsct to the maké or buy pollcy 1tselil, ®he
Department expressed the followlng view to the Senate!

"The question arises as to whether the wholesale con-
tracting of research activity is being overdone. Most
af the contracting ouli has been 1in the fiwld of humsn
geieneed and the most diTect effeet 0L Ehis Mazm heen

the proliferation of consulting firms whose chief
functlon appears to be the preparation of government
sponsored studies. This is not synonymous with con-
tributing to Canada's scientific and research capa-
bilities. 1In the physical sciences, the case is fre-
quently that the laboratories and scientists needed by
the administrations to perform their statutory functions
are in fact those most capable of carrying out the
research function and for that reason, the contracting
ouf of mépearch becoOmés impracticable".go (Senate Brief,
9A:149).

It also indicated further that "indiscriminate application of

this policy might be counter productive".91 (Thid., )
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CHAPEER 6

6.0 RELEVANT DEPARTMENTAL CHARACTERISTICS

Having determined statistically which departments have
complied with the letter and spirit of the Make or Buy directive,
it 1s now appropriate te lsolate the characterlistics of each
department's R&D operations which may have influenced their
ability and/or willingness to comply. To predict which
characteristics explain inter-departmental differences in the
degree of policy compliance, the economic theory of the bureaus

and the concept of transactions costs will be employed.

6.1.1 Cost of Response

There are numerous costs associated with conducting R&D
under contr&et. The eeprnomie“thedry of contrathéeEayy e amployaed
to predict which departments are able to farm out their mission-
oriented R&D efficiently. Some of the costis whieh mayr expliin
the systematic inter-departmental differences in the magnitude
of policy compliances are: (1) the cost‘of securing a suitable
contractor; (2) the difference between the marginal and average
cost of research when there are indivisibilities in the research
function and; (3) the cost of employing arm's length contractual

arrangements.

6.1.2 Search for Contractors

Determining the appropriate firm to carry out required R&D
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is a costly process. The department must determine the various
factors at the ocutsef which may contribute to the cost of

a contractual arrangement, such as the contractors' attitudes
toward risk, their propensity for moral hazard and their
scientific capability. Government departments which have had
many transactions with private firms in the past would already
have incurred many of these costs and would, therefore, be

able to let additional contracts at a relatively low marginal

cost.

6.1.3 Natural Monopoly

LE thetws are egomomniesn of déale or of geape iR the

research function, a department will find it less costly to
continue to conduct research intramurally than to contract it
out. The duplication of indivisible and specialized govern-
ment research facilities in the private sector solely to facili-
tate contracting-out results in higher average research costs
for the department concerned. Moreover, given the existence

of indivisibilities, the government and the contractor will

be in a bilateral monopoly situation. As a consequence, the
contracting process itself will be beset with haggling, and

possibly, with opportunistic behavior.
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Irregardless of willingness to comply with the Make or Buy
directive, those departments having undertaken R&D projects
regquiring Speelaligsed and Indivigible facklivies WLll Fnd it
more costly to comply with the directive. Agriculture Canada
would be an example of a department in this situation. Their
extensive research facilities are highly capital and land
intensive. Because the facilities required to perform R&D are
in place and cannot costlessly be put to other uses by the
department, the marginal cost of carrying out research projects
intramurally would be much smaller than the average cost of
contracting it out. To acquire scientific knowledge through
purchasling pollcy would seem %g be imeffiolend:

By the same token, departments with relatively less capital
intensive research facilities may find it less costly to comply
with the directive. Here the incremental cost of intramural
R&D will approach the cost inemrred by & private colitraetor.. In
addition, it mey be possible for a nmumber of éontrictars’ to
operate. The competition this implies will reduce the amount
of hegeling and the potential Dor epportuniam; -ERat., 16 Bl ]

reduce the cost of contracting itself.

6.1.4 Nature of the Contract

Departmental research may be such that it is costly to
measure whether or not specific research objectives have been met.
Research projects may involve a high degree of uncertainty. It

may be eostly to determine whether an obser¥ed Lfaillure Eojachileve
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a given objective is due to malfeasance on the part of the
researcher or to uncontrollable factors. When it is costly
£o measure the quality of the research product and to determine
the responsibility for shortcomings that are detected, the
contracting process itself increases in cost and it becomes
advantageous to conduct research intramurally. This eliminates
the financial incentive to mislead and while it does not
eliminate the moral hazard problem, it allows for the use of
moniteri ng to combrol 1t

This type of problem will be typical of basie research.
It will also characterize advanced mission-oriented research.
Other things being equal, departments involved in research
which are advanced relative to the state of the art will find

it more costly to comply with the make or buy directive.

6.1.5 Goals of Departments

Given the cost of contracting-out, some departments may be
more willing than others to comply with the Make or Buy directive.
The theory of bureaucracy may help explain these inter-departmental
differences. There are reasons to believe that departments with
larger science complements will be less likely to respond.

There may be a bureaucratic incentive to resist the policy.
Since federal science bureaucrats cannot directly appropriate
fee swrplus pesulting from gsuceessful projects, they may tend
to search for and acquire other, non-pecuniary benefits.92

These additional benefits may take the form of a greater staff
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size which in turn, will imply an increase in respenstiBllity ¢
prestige, and security.93 The jpolicy effeort we shift
scientific activities from inside to outside may régregent

a reduction of the department's and bureaucrats’ power,

prestige and security. In his well-known book, Inside Bureaucracy

(1967), Anthony Downs contended that :

Another major cause of inertia is that self
interest motivates officials to oppose any
changes that cause net reduction in things
they personally value...Most of the items
personally valued by officials are positively
correlated with the amount of resources under
their control. These items include personal
power, prestige, and income..., and security.
It is hard to conceive of many situations

in which these elements are enhanced by
decreases in the resources controlled by the
officials concerned. (p. 196)

He further asserted that:

...The more officials affected, the greater
will be the resistance to significant change.
LEree

(1) The larger the organization, the more
reluctant it will be in adopting any given
ohamge .

(2) Small bureaus tend to be more flexible and
innovation minded than larger ones.

(3) One way to speed the adoption of a given
change is to design it so that it affects the
smallest possible number of persons. gy (o 5]
According to Downs' reasoning, effective resistance to the
make or buy directive is likely to be more apparent in depart-

ments where the scientific establishment is relatively large

and influential.
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6.1.6 Measurement of Departmental Characteristics

The factors which may influence the departments' ability
and/or willingness to comply with the directive can be measured
and empirically tested. Among the possible determinants
are:

(a) Scientists as a fraction of total employment: To
measure the influence of each department's scientific establish-
ment, the proportion of employed scientists and technicians
performing intramural R&D is used as a proxy. This variable
approximates the researchers' political clout within the bureau.
The theory of bureaucratic behaviour would predict a negative
relationship between the percentage of officials opposing the
QiFeective Lh the depayiment ahd the dependemt varighle ;-which
is the proportion of R&D contracted to private industry.

(b) Capital Intensity: Those departments with capital
intensive research facilities may find it less costly than
others to continue fo conduct their R&D intramurally. That is,
greater is the role of specialized facilities in the departmental
R&PD efTort, the lower wlll be the Iincremental of out-ol=poOcket
cost of intramural R&D and the greater will be the cost dis-
advantage of contracting out. The capital intensity value is
calculated by dividing the department's total capital expenditure
on R&D in natural sciences by its total current intramural R&D
expenditures. This is calculated yearly for the period 1963
to 1972. The variable used in the analysis was the arithmetic

mean value over the 10 year period. We would expect a negative
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partial correlation between the average capital intensity and
the fraction of R&D contracted to Canadian industry.

(¢) Previous Extramural Expenditures: The cost of complying
with the directlive willl also depand upon the npmber ¢f potentisl
research contractors in the areas of interest to each depart-
ment. The availability of private research personnel to be
employed depends upon a department's degree of interaction

with the private sector in the past. The fraction of extramural

R&D contracted to the industrial sector by each department,
during the period 1963-1972, is used to measure the degree of
departmental involvement with industrial contractors prior to
the issuance of the directive. The varlable utilized in the ‘
analysis was the arithmetic mean value of the extramural pro-
portions calculated over the relevant period. A positive 1
partial correlation is expected.
(d) The variation of growth rates: A widely fluctuating

growth rate within a department may reduce the optimal number
of internal research personnel. The Ministry of State for
ocienge and Téchnology recently contended that :

IT is virtually ispéssible tg plan amdyeorict

research programs that require several years

to produce results when the funding committments

are uncertain from the outset (MOSST Background

Paper, 1981, p. 15).
Variation of growth rates may affect the departmental cost of com-
pliance with the make-or-buy directive in two ways: (1) greater

variability may imply greater gain from contracting out as a way

of handling the "peak load" problem; and (2) greater variability
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will also increase the cost of contracting in that the
department cannot use the promise of a stable, long-term flow
of buslness to reward honest, non-shirking contractors. The
final effect of the variation in growth rates on the fraction
of R&D contracted out to industry is ambiguous.

(e) Departmental Growth Rates: Departments with different
groxthi rates may respond differently to the meks or buy poligys
Irregardless of their willingness to comply, departments with
relatively larzer growth rates may find it easier to conform to
the directive. Departments with relatively little growth in
Ciget. gel@nhifde Bildgets May Find tnal, alffér Prowidiing Ter it
aftivities ol thelp own, tenured science pérsonnel’, Thare 18
1i6ele left Tor cantractimg out. For this feason, the growih
rate was employed as a discriminating departmental characteristic.

(f) Proportion of R&D contracted to universities and non-
profit organizations: The variable designed to capture the nature
of R&D being carried out by the departments. It is assumed that
research projects with ambiguous outcome and high cost of product
measurement . (characteristics typical to basic research and advanced

mission-oriented research), were mostly contracted out to the

academic sector. Departments whose scientific inberests dare

typified by these types of R&D will find it more costly to con-
tract-out to industry than to perfcrm the work intramurally. Hence, wue
would expect a negative partial correlation between the dependent
variable and the average proportion of R&D contracted out to

universities and non-profit organizations.
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6.2 Statistical Analysis

The above propositions can be empirically tested by esti-

mating the following pooled time-series-cross-section model.

(%%ﬁ= iglboidOi + Jélbij.TD + bGG_1 + b9G_1TD + bRTD + Us o
where I = industrial extramural research and development
R = departmental total current R&D
doi = gumny-= 1 for ith department, zero otherwise.

TD = dummy = 0 prior to the implementation of the policy

1l the year the policy was implemented and increasing

with time thereafter.

in = jth discriminating departmental characteristic.

uit = Random Disturbance Termn.

Derartmental characteristics include:

N

Proportion of staff and personnel employed in intra-
mural R&D.
K = Proportion of intramural capital expenditures in

natural sciences.

E = Proportion of extramural R&D contracted to industrial
sector.
VG = Variation of growth rates measured by the coefficient

of variation.
PE = Proportion of extramural research contracted to
universities and non-profit organizations.

MG = Departmental average growth rate over 10 years.
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To capture the Influence of these variables response to
make or buy directive, discriminating departmental characteristics
were entered as multiplicative interaction terms with the time
dummy. As before, response to the directive is assumed to take
the form of a positive linear trend in I/R. The policy dummy,
TD, is zero until the directive was issued and increases

iinearily tHereafherp.

6.2.1 Estimation Method

The Generalized Least Squares estimation method is employed.

Having pooled annual time series data across the seven depart-

ments, we assume in our estimation that the error terms, €., are

it

autocorrelated over time and heteroscadastic cross sectionally.95

Under the assumption of first order correlation, the systematic

correlation time wise in the error terms can be corrected as
follows: First, ordinary least squares method is applied to the

observed data to estimate the equation
7 N
5 BoiDi + BG4+ BBGTD + I BX.TD + B,TD + ¢

(
1 j=0 JJ

) =

T

5 Iy
From this, estimated regression residuals can be calculated,

and therefore, rho values for all seven departments can be

attained.
= Ze.,e
Py = 1; it i=1,...7,t=2,...,18
S )

where eit 1s an unbiased estimator of Eit'

Next, all observations are transformed by subtracting from
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éach of the cbserved values 1fs orie perliod lagged.Value;
weighted by the relevant rho estimate.96
Homoscadasticity can be achieved by regressing the fore-
going transformed variables, using the estimated residual
to calculate the variances of the departmental random dis-
turbance terms and, finally, normalizing all observations
by the estimated departmental variances.97
TOBIT method of estimations was also employed in
situations in which the dependent variable took on Zero
values. Data used in the estimation were pooled data from

six departments over the years 1963-1980, and from Communi-

cations over the years 1968 to 1980.

6.3 Empirical Results

Estimates of pooled cross-section time series regression
equations are presented in Table VII. Consider; Tirst, the
equation containing three discriminating departmental charac-

teristizs; Ny E and K.

~

L
(%) ® = TU59T7T8 D. + ..o % «ST798 EB-01 G + 7788 EB-J11D
REBIO g ) @20} “HAs e
- .24“5E—01(G_1.TD) - .70957 E-03(E.TD) = ,2115 E-03(K.TD)
(-2.09) §=2.94) (&t

- 122284 (N.TD)
(=2.57)
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and

T
(5) = -,102078 D, + ... + .130705 D, + .9896 LE-01 G
0y (~2.0F) * (3.05) | (3.35) i
+ .91998 E~01 TD - .3530 E-01(G_,.TD)
(3.40) (=2.36)
0 TSRUTTE 03B TD) = ;20453 B=09(%. D)
(-3.31) (-.19)
- .136605 (N.TD)
(-2.85)

The coefficient of a discriminating variable gives the
average marginal effect of that departmental characteristic
on compliance. Our results seem to indicate that the proportion
of intramufal scientific éersonnel and the proportion of
previous extramural R&D contracted out to industry are signifi-
cant discriminating variables. The fraction of capital R&D
expenditures is not significant.

Contrary t6 ouUr éxpectafion, thé fraction of pPrevious
extramural R&D contracted our, (E), has a negative coefficient
which implies that departments which have had relatively small
involvement with private firms (i.e., departments with smaller
pool of potential contractors) have adhered more closely to the
policy during 1963-1980. The average proportion of department
R&D personnel has a statistically significant negative effect on
the departments' response to the make or buy policy.

‘Although it exhausts our cross-sectional degrees
of freedom, we have included some additional

departmental characteristics in the model. 1In the previous
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section we discussed some important factors which may
help in accounting for the systematic interdepartmental differences
in the degree of compliance with the directive. It was suggested
that the departmental growth coefficient of variation, average
growth rate over the years 1963-1980 and finally the average
proportion of contracts commissioned to universities and non-
profit organizations be included.

First, to check the effect of the coefficient of variation
of growth rates we have estimated the augmented regression

equation in which the results are given below:

~

(%) = ~,1514 D, +...+ .9691E—01D7 + .6251E—01TD
1973 (“2.94} (2.79) (2.09)
+ .9388E—01G_l - -2357E—01(G_1.TD) = .2555E-O3(E.TD)
(3.15) b O (~0.53)
+ .7655E—O3(K.TD) - .59597E-01(N.TD) - .1632(CV.TD)
(0.74) (Z.80) (-1.09)
and
ili
= = LOUTD. 4.4.4+ «1302D. 4 ,731UE-0LTD & .96“9E—01G
R71974 © (15.92)t (3.00F  (2.15) I3.09y @
- .3441E—01(G_1.TD) - .3580E—03(E.TD)
(=22 (=0.6T)
+ .83678E—O3(K.TD) - .J5T7T9E-0L(N.TD) ' = .136915(CV.TD)
(0.72) (Z.93) (.92)

where CV = Coefficient of variation of growth rates over the
period 1963-1972.
The regression coefficient for (CV.TD) has a positive sign
but is statistically insignificant. With the inclusion of the

additional discriminating factor the proportion of a department's
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scientific employees, N, and the fraction of R&D previously
contracted out, E, continue to have negative coefficients but
are noe longew etatistically significant. This 1& probably due
to multicollinearity which is nften associated with such
1ATETRS T 1yel gpecilftcations.

Next, two additional factors are incorporated into our
equation. They are the average rate of growth of the departmental
science budget (MG) and the average fraction of R&D activities
contracted to universities (PE) prior to the issuance of the
make-or-buy directive.

The estimated coefficient of the mean growth rate has a
positive sign as expected. Contrary to our hypothesis
the egelficlemt ©f the variabvle PE Is positive. The latter
finding, although not statistically significant, suggests
that the more commercially-oriented the research activities
gdepied by departments, the greater the fractlon performed

within the government.

6.4 Conclusion

Bie basis cBhelusiefs ©f this chapter aré as rollowWs.
Flrst, we have adopted a pooled cross séétion time series model
to explain the systematic inter-departmental differences in the
magnitude of response to the make or buy policy. Assuming that
the dependent wearigble Fellows an inereasing limear time trend
with the implementation of the make or buy policy, tested

regression equations performed quite well for the period
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1963-1980. About 71% of the variation in the fraction of mission-
oriented R&D contracted out to industry could be explained and,
after having appropriately transformed the data, no auto-
correlation 1s detected.

Second, the average proportion of departmental scientific
personnel (N) and the average proportion of R&D contracted to
industry prior to the announcement of the make or buy directive
(E), proved to be significant in explaining the inter-departmental
differences in the degree of policy compliance. However, the
coefficient of the latter variable, which was designed to reflect
the relatiye cost of issuing additional R&D contracts, has a
negative sign which contradicts our hypothesis.

Third, in speclfreati@us Ineluding gli departmental charac-
teristics as independent variables, only the year to year growth
term, year to year interactive growth term and the time dummy

variable are statistically significant.




87.

CHAPTER 7

7.0 Characteristics of Private R&D Contractors

The main purpose of this scction 1s to determine the charac-
teristics of the firms which have emerged as R&D contractors. The
government's intention was that R&D contractors would be manufac-
turing firms with the capability of exploiting commercially the
knowledge gained as a result of R&D performed under contract.

The evidence of the success or failure of the make or buy policy.
with respect to the above intention can be determined by examining
the value of contracts let to industry by each depart-

ment.

The data in Table 8 shows the proportion of R&D contracts
awarded to seven sectors of the economy (Service, Primary,
Secondary, University, Non-profit institutions, Other government
and Individual). Data was provided by the Department of Supply
and Services. Information on which our calculations are -based
shows the dollar-value of contracts awarded by each department.

It does not represent final payments to the firms. This infor-
mation search was completed for the period April 1, 1978 to

August 31, 1981.

TARBLE VIII: (2 of R&D Contracts Awarded)
Sector P°PY:  AGR. CcOMM EMR ENV DND NHW MOT
Primary Ind. Ok (Ofi Q52 0.6 0.6 - 4.3
Secondary Ind. 6 51 51 dud D2l 5 8:6
Service Ind. 38 24.5 24 64.9 31.6 58 62.6
University 43 Y 9.9 &L,8 30,4 81,1
Non Prof Inst. 6 i 1 4.4 0w 1 = 0.5
Other Gov't. 3 1.6 g2 2.6 Ok - Q)5
Individual 4 0.9 P BuT @7 - Be

Source: Department of Supply and Services, Science Centre
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According to DSS Science Center data, the two non-complying
departments (see 3.4.1) had the highest fraction of their
extramural contracts with secondary (manufacturing) industry.
Both Communicatlons and Energy, Mines and Resources contracted
out more than 50% of their total extramural R&D to manu-
facturing £ifms.

On the other hand, the departments which complied with the
directive allocated a much higher fraction of their contracts
to the service industry. Environment, Transportation, National
Health and Welfare, and Agriculture allocated respectively, 65%,
63%, 58% and 38% of their total extramural contracts to the
service industry. Department of National Defence is a bit of
an oubller Here, but coftherwisSe! tihe difference DeEtiecnsECMpLying
and non-complying departments 1s remarkable.

As they stand, our findings seem to indicate that non-
compulying departments coriErfdabed Qut ' relatively ‘mere pricr o
the directive and tend to contract more with manufacturing
industries' and less with gervicde industries than do complying
departments. As a consequence, the value of R&D contracts of
all departments to secondary industry, measured in constant
dollars,has fallen between 1972 and 1980.

Taking all complying departments together, the weighted
average of their pre-policy industrial involvement (L/RY an

was 1.2%. Similar calculations were performed for non-
complying departments and the weighted average was found to be

13%.
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Based on the distribution of contract money to each sector
of the economy as presented in Table VIII, the total value of
R&D contracts placed with secondary sector firms (in constant .
1971 dollars) for all departments for'the year 1972 and 1980 was s
computed. During this period, the decline in contract values to
secondary industry of the non-complying departments dominates
the increase in the value of R&D contracts to the same sector
placed by complyirg departments. In the eight years following
the implementation of the make-or-buy directive, the value of
R&D contracts to secondary industry has actually fallen. Hence,
to the extent that the policy was designed to increase R&D
contracts to the manufacturing sector as opposed to the service
SEcteonr, 1t- has failed.
This finding supports claims made by the Canadian Manu-
facturers' Association. In the MOSST 1975 report, the Association
expressed the opinion that "the service sector is receiving too
high a proportion of the contracts, without really contributing
to the original objective of the policy". (MOSST, 1975 "Make-

or-Buy", p. 20}
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CHAPTER 8

CONCLUSIONS

Canada does tend to perform a greater proportion of govern-
ment supported R&D within the government than do a number of
similarly situated OECD countries. As a consequence it may be
foregoing some benefits which can result from private performance
of publically funded R&D. While it is possible that Canada has
failed to exploit the potentlal berrefite of contragbimg-dut, it
is not necessarily the case. Indeed, it is one of our principal
conclusions that a universal contracting-out pollcy such as the
make-or-buy directive is not necessarily conducive to more
gffect Llve upe ©f our reseamsy DESEUICSS.

Contracting-out can be beneficial because the private con-
tractor has an incentive to exploit thelgy—products or spin-offs
resulting from R&D performed wider contract. Contractidge=cnt
also involves additional costs in that performance of the
reSedrobh stluplated 1n the contrast MUst Te assuped WLollH Ehe
context of an arm's length relationship between the government
amd the eontraector.

There will be cases in which spin-offs are minimal and the
egsts of arFm's length contraching.ars high. .In DidsEOnlEs
contracting out reduces the effectiveness with which ressarch
resources are--used and the application of the make-or-buy direc-
Lve i8 ills@dyvised.

There will also be cases In which spin-offs .are large and

contracting costs are relatively low. In these cases the
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application of the make-or-buy directive will increase the
effectiveness of a glven R&D effort.

There will be an incentive to engage in some contracting
out in the absence of a make-or-buy directive. If contractors can
Sxplelt spir=@ffs, thisg ghould ®e reflected in the fee Chey awe
willing to accept to perform a given R&D task. The greater the
value of appropriable spin-offs the lower will be the contractors
fee relative to the cost to the government of internal performancé
of a given R&D task. The lower 1s the cost of extramural relative
to intramural performance, the more likely it 1is fhat a govern-
ment department which has the goal of minimizing the cost of 1its
overall research operation will choose to contract out. 1In this
case a centrallzed make-or-buy directive is redundant at best.

If there are spin-offs which contréctors can exploit but
this is not for some reason reflected in their desired fee (or
bid price) or if the government departments involved have as a
major objective the maximization of internal employment there may
be little contracting-~out even though it is socially advantageous
to do so. In this case the application of a centralized make-or-
buy QiFective eah be béEmeficial.

We have argued that spin-offs are most likely where the R&D
confrector 18 an industrisl firm, Where the contractor is a
service firm, the effect of the make-or-buy directive is simply to
duplicate government research facilities outside the government.

We have also argued that contracting costs will be higher the

more basic or fundamental is the R&D task involved. Taken together,
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these arguments imply that the benefits of contracting-out will
be 'greatest for applied Industrizl RED and least for basle,; non-
industrial R&D.

Our investigation of departmental R&D mandates indicates
that the R&D tasks of National Health and Welfare, Environment
and Agriculture will involve little in the way of appropriable
spin-offs. Although we found that these departments have res-
ponded to the make-or-buy directive, they have done so largely by
contracting out to service firms (R&D specialists). We would
conclude that the application of the make-or-buy directive to
these departments has not, on balance, been beneficial.

The Department of Transport also complied with the make-or-
buy directive and its compliance also involved extensive use of
service sector R&D contractors. Whilegfhe department 's R&D
mandate is such as to imply that contracting-out 1s potentially
beneficial, the nature of the departmental response to the
directive has been such that any benefits realized to date will
have been minimal

The department which might be expected to produce the
greatest benefits by contracting-out is the Department of Communi-
cations. This department ranks first in the proportion of its
extramural R&D which is conducted by industrial firms. The
Department of Communications also engaged in considerable R&D
contracting prior to the issuance of the make-or-buy directive.
This is consistent with our argument that there is a decentralized,

market-style incentive for a government department to contract-out.
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Our analysis of the response to the make-or-buy directive
demonstrates that this departfment did not increase the proportion
of 1its R&D budget contracted-out after the directive was issued.
Thus, the department with the largest pre-directive involvement
in contracting-out and with the greatest potential for spin-off
benefits (due to the high proportion of contracts with manufac-
turing firms) did not respond to the directive. One possible
conclusion is that, in the case of the Department of Communica-
tions, the make-or-buy directive was redundant.

A second department where contracting-out is likely to
involve significant benefits is the Depmrtment of Energy, Mines
and Resources. Together with the Department of Communications,
this department ranks first in the proportion of its extramural
R&D conducted by manufacturing firms. Energy, Mines and Resources
did not contract-out extensively prior to the make-or-buy direc-
tive nor did it increase the proportion bf its R&D budget con-
tracted out in response to the directive.

The failure to respond to the make-or-buy directive may be
due to relatively high contracting costs. There is, however, no
reason to believe that the marginal cost of contracting should
be higher for Energy, Mines and Resources than for Communications.
The implication is that g positive response to the directive by
EMR could have resulted in a net benefit in terms of the excess of
the value of spin-offs over the cost of contracting.

This raises the possibility that the failure of EMR to respond

to the make-or-buy directive was not the result of contracting
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cost considerations but a consequence of the priority attached
by the department to assembling and maintaining an internal
R&D staff. If this is the case the goals of EMR would appear
to be incompatible with those of the government.

The Department of Defence ranks second (to Communications)
in the proportion of its R&D activities contracted out prior to
the make -or-buy directive. It also ranks second (after Communi-
cations and Energy, Mines and Resources) in the proportion of its
extramural R&D contracted to manufacturing firms. The evidence
on its compliance with the directive is ambiguous. There is no
ambiguity, however, in the evidence that such compliance as did
occur was partly at the expense of contracts with universities.
In sum, this is a department in which contracting-out is poten-
tilallly beneficial and whidéh e . in faéf, contract-out on a
slghiTicant scale prdoR &0 GhEg dipetiive. TheEse U3 EENs 4G
as to whether the make-or-buy directive has had any impact on
the propertion of its R&D perferméd extramural lgrs . TS s,
again, be reflective of either or both: (1) a relatively high
marginal cost of contracting; and (2) a difference between the
goals of the government and those of the Department of Defence.

Given the lack of response to the directive on the part
of the departments of Communication and Energy, Mines and Re-
sources, and the ambiguity surrounding the response of the
Department of Defence, we have the ironic result that the make-
or-buy directive has not increased contracting-out in areas where
there are potential benefits and has increased it in areas where

there are not.
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The response to the directive has been confined to depart-
ments with little or no history of industrial involvement and
has generally involved additional contracts to service sector
firms (R&D specialists). The net result has been that, at
least as far as the contracts processed by the Science Centre
are concerned, constant dollar industrial R&D contracting has
actually fallen while service sector contracting has risen
gifi¢& the directive was issued.

The policy implication of our results is that it might be
preferéble to eonfine the application of the diréstive to the
departments in which contracting-out can be expected to be bene-
ficial and to investigate whether the observed non-compliance
of /flisse depgrtments is due to thé réedundamey &f The dlrective
(no net benefit from additional contracting-out) or to its
incompatibility with the goals of the bureaucracy. Only in
the latter case would there be grounds for more vigorous

enforcement of it.
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APPENDIX A

UTILITY MAXIMIZING GOVERNMENT AGENCY MODEL

Let the utility function of the bureaucrat be répresented
by
u(s,P) = u(s, P, P®) = u(8,P(s/k, P%))

€4+ pl= number of external projects + number of

where P = P
internal projects.
pl = S/k k = number of staff per internal projéct,
Bureaucrat's objective is to maximize utility subject to the

departmental budget constraint.

B=Ws + vP® = wkP" + vp€©

where w payment per umibt. of &CEff

v payment per external project.
Setting up the Lagrangian expression,
L = u(S,P(S/k,P®)) + A(B-wS-vP%)

gives the following first order conditions for a maximum.

oL _ du " du 'l - Aw =0
a8 T e Pk

oL _ 3u —

i Al AV = 0

oL _ v = & =

EN B wS vP 0

Eliminating the Lagrangian multiplier we get

0
0
u

=

( )

A
| +
=
e
!
<|=

QO

The above condition can be rewritten as
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3u

_ 988 _ wk~-v

WS = g s S
oP

EF ¥ = wk, bureaucrat will exhaust the staff option before
contracting out. The number of staff will be increased until the
hav@ngl 2tility derived from the last unit of stafr 13 Zerb.

If v < wk, bureaucrat will choose a combination of staff and
number of projects (extramural projects included). That is, the
government agercy will contract out some of its research tasks.
The amount contracted out will depend upon the share of the
burgaucrat 's uwbllléy functiemn,

Assuning that both staff and projects are normal goods; a
change (increase) in the departmental science budget, B, will
increase 2oth the organizational staff size and the number of
extramural projects.

A change in the relative cost of performing R&D will effect
the optimzl combination of staff and extramural projects. In
general, & reduction in the cost of extramural performance will
legd-to a greateér sffort By the agency to comtraét out.

These relitiondhilps &fe presented graphically Ik FPiiire L.
Stafiff 1s plotked along the horizomtal line and extramural projects
are similarly plotted along the vertical axis. In staff-external

project space, a utility set for the bureau can be drawn.
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Terms of trade can be obtained directly from the budget
constraint. That is

B = wS + vP®

]

0 = dB = wds + vdp®

p® =

S

Q

|

L]
v

Qu

Similarly, along the indifference curve, there is no change

in utility, hence

g s rSn o Su d @
du =0 2 (gg 1 P k)ds + (aP)dP
e du au 1
g_§_= Bt R
o T
9

By introducing indifference curves between extramural pro-
Jects and staff, the equilibrium results can be interpreted as
follows.

First, the optimal combination of staff and project thafi will
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yield the highest level of utility for a given budget will be
determined by the point of tangency of bureau's utility function
and the terms of trade line. That is, where the marginal rate of
substitution between S and P° 1is equal to slope of the budget
line. This in general will give us an interior solution.

Next , dGRSider? dpecial cases where we have corneP &tlutiems.
It can easily be shown that the bureau will not contract out if
the terms of trade is greater than the inverse of the number of

personnel required for a unit of intramural project.

A
e S8 < B P K
ince as 3_1&
3P
ap°©

Gl
o

That is, as the marginal utility of staff approaches zero,
the marginal rate of substitution approaches %. (This is point
S¥ in Figure I). In other words, as long as the cost of per-
forming research intramurally is less than or equal to the cost
of extramural project, the bureau will choose an all-staff option.

Our second observation is that we cannot rule out the possi-
bility of an all extramural project option. According to our
model, as the terms of trade becomes more steeply sloped (i.e.,

as staff becomes relatively more expensive), the tangency shifts

continuously to the left of S¥,
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e lmt Pe* may be realized if at the vertical axis the
marginal rate of sbustitution is less steeply gloped than the
price line. Thils corner solution will perslist for alk price
lines that are greater than or equal to the glope ‘of tha 1H-
difference curve at Pe*

However, this special corner éolution galt b Puled eut
AT whEe Tiwsh unit of soaff 1s objectively valued very highly by
the bureaucrat. That is, if staff. is indispensable in the
utility function. 1In such a case, the benefits from expanding
the first unit of staff are so high that the slope of the
indifference curve exceeds the slope of the budget line

(i.e., terms of trade)
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