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I - INTRODUCTION -

Much of the work in the major case studies has attempted to answer two ques-
tions:. whether projects funded by DIPP would have gone. ahead had government
assistance not been provided, and whether the DIPP-assistance which was pro-
vided resulted in a net economic benefit to society. These two questions are
fundamental in determining the effectiveness of DIPP, but they do not provide
any 1nsight as. to why proJects turned out as they did. In~order to explain -
the results, a good deal of information was needed on the corporate context in
which DIPP decisions are taken. To broaden-the.base of information provided

by the major case studies, a series of- mini—case studies was undertaken.c

Three studies were a randmn sample of DIPP development projects which were
undertaken during the -years 1970 to 1979. Overall; they accounted for
approximately 5% of DIPP development_projects started during this period and.
approximately 5% of the funds authorized. The R&D cases so selected also
accounted for about 167% of the~Non—major R&D case studies undertaken.at this
time. To ensure that a'representativelsample was selected; DIPP projects were

classified into three groups as follows:

Size of DIPP R&D Project

No. of Projects Selected

Less than $100,000 T
$§100,000 to §750,000 ; ' 16
$750,000 to $5 million . o 8
over $5 million: | li (reported in the

Major Case Studies)

(In addition, 8 CA/SE projects were examined but in a different format).
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SOURCES OF DATA

A variety of sources was used to obtain data on the companies and the
projects. The two major sources were company interviews and questiohnaires.
Prior to undertaking the interviews, a study was conducted of the information

available within the Départment. The main sources of departmental data were

files from the DIPP Program Office, Corporate Analysis Branch, and the

Industry Sector Branches. This infoimation was supplemented by interviéws.and

discussions with ISB Officers. The subsequent corporate interviews -were

conducted on the basis of structured questionnaires to obtain data. on each

company and its projects. These questionnaires stressed both quantitative and

non—quantitative factors in company decisionlmaking processes. The companies'

were also asked to complete our financial questionnaires whiéh'served as the

data base for the quantitative’analyéis of .economic benefits.

TOPICS INVESTIGATED

The main subject areas covered in the course of the interviews were:

. Corporate Decision-Making: the decisions of firms with réspect to DIPP

are not made in a vacuum but are affected by corporate objectives,
" policies, project evaluation procedures and the firms' view of its
competition and its markets. Since these factors may haﬁg a bearing omn
'the effectiveness of DIPP, companieé were asked to provide,information on

them.

. .
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Parent/Subsidiary Relations: the reaction of a Canadian subsidiary to

-DIPP may well be affected by its relations with its parent firm; the

study was concerned, therefore, to explore the nature of this relation—

ship.

Program Rationale: in the past DIPP has been justified on the basis that

it 1s equalizing the essistance provided to the defence industry in other
countries and that it is contriﬁuting to Canadian defeﬁce objectives:.
The aim Eere was to determine the extent to which theee rationales still
have validity fromAthe pointAof view oflcompanies which have received

DIPP funding.

Risk: risk refers here to the possibility that the ROI (or some other
performance norm) will not be met. This uncertainty'about‘outcomes makes .
it an important factor in project decisions. Cqmpanies were -asked for

their views on risk and its relation to DIPP.

Approach to R&D: companies were asked about a variety of t0pics concern—

ing R&D, including planning, budgeting, R&D obJectlves, and the role of
DIPP., The aim. was to obtain a better: understanding of the kinds of
projects éupported by DIPP and to determine whether the program actually

increases the level of R&D spending.

Company Views on DIPP: the aim was to obtain views on how DIPP recipi-

ents view the program - its positive features and ways in which it_could

be improved.
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As well; companies were asked for their views on a variety of other topics,

most notably on the subject of marketing, discussed in Annex VI of this .

report. Taken together the interview mnotes provided a notable amount of
information on a variety of corporate activities related to DIPP."TheAfollow—
ing sections review in detail the main findings on the major topics coﬁe:ed in

the interviews.

11 - CORPORATE DECISION MAKING

One of the aims of the corporaté interviews was to gain a better idea of the

context in which investment decisions are taken. To this end, compénies were

asked to provide information about how they analyze investment projects and

the criteria they use to rank investments. This information was collected on
the assumption that corporate decision-making processes may have a bearing on

the effectiveness of‘DIPPQ - Moreover, i1f- the DIPP criteria better reflected

how corporations make decisions, then the performance of the program could be -

improved.

INVESTMENT ANALYSIS

Economic theory suggests that the proper way for firms to assess investment
projects (including R&D) 1s to perform a discounted cash flow analysis, taking

inflation and risk explicitly into account. This type of analysis involves

the estimation of the outlays for the investment and the future stream of -

incremental revenues and costs. It also involves the estimation of the firm's

cost of capital, the inflation rate over the life of the project, and quanti-’

ficatioﬁ of the major risk factors. If, after all factors are taken into
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account, the expectéd net pfesent value of the project is greéter'than zero,
then the. project is acgeptéd. If not, the project is rejected.- This is the

theory. How do firms actﬁally behave?

Most of the firms interviewed indicated that they perform some sort of quanti-‘

* tative analysis of investment projects, but not in the detail described

above. Only one company - Gar:ett Manufacturing ‘Limited. - ‘has "a fully

" elaborated technique of invéstment analysis'which examines the effect of‘thé

varioqs‘r;gk féctors (price, vblume, etc.) on tbe range of oﬁ£c§meé. Other
companies ﬁaviﬁg‘ éophisticatéd: techniques included AViétion. Electric 'and
Litton. A still larger numbef‘ of companies . interviewed- also make use. of
quantitative teéhniques but use a payback criterion‘ratﬁer thaﬁ a_di;couﬁ;ed
cash flow criterion (i.e., net bfésenf value or intefnéi rate'of return) for
rating projects. This'latter groﬁp of companies includes Vafian; Collins, .

Erie and Space Research Cofporation (SRCQ) .

There was a significant gréup of companies which indicated th@t'they do not
perform quantitative analyées of invesfment proposals.  This group:includes
such companies as'Computing‘Devices,-Leigh Instruménts,‘C.R.;Shelgrove:and
_Oﬁtotek. One .common chargcteristic of»these.companies is thgt they do a:good
deal of engineéring_ work"on. a cost recovery basis*, thus not requiriﬁg> a

discounted cash flow analysis.

* That is to say they only undertake brojects ﬁhich are finanéed'by ‘the
customer. "
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Thé,companies ﬁaving the most elaborate techniques for planﬁing_and préject
evaluation tend to be subsidiarieé of American firms. There may be economies
of scale in the dévelopment and use of éﬁvanced planning techniques. Since
the parenﬁ firms are large 'and betfer established, they are more likely to
have developed these techniques than the.Canadian firms which_are generally
newer and‘smaller (on a total corporate basis). The tfansfer of maﬁagement
techniques from the parent Ito subsidiaries may give these subsidiaries a

decided advantage over competitive Canadian-owned firms.

This advantage 1s important not only acquiring management techniques, but even
more so in obtaining the marketing information and intelligence. The relative
cost of acquiring information on market opportunities is a good deal less for

subsidiaries of large multinationéls than for Canadian firms. These economies

of scale in the obtaining of market intelligence can also work tofthe advan— .

tage of large firms. The use of sophisticated techniques of market estimation
is of no avail in military markets because Gf ‘their extreme volatility.
Market intelligence 1s of more use in these markets than the results of a

methodological exercise, no matter how advanced.

CRITERIA OF SUCCESS

While economic theory suggests that the ultimate basis for the selection of a
project 1s its internal rate of return or net présent value, it 1is clear that

ROI as normally assessed 1s not the only objective. While most of the

companies interviewed did identify ROI as an important criterion - the "bottom:

line" - all indicated that they pursue other objectives as well. It 1s the

pursuitz of these other objectives which circumscribes ' the number of
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alternatiﬁe projeéts. The ROI 1is basically' the means of Systematically

- ranking these alternatives.

The evaluation criteria other than ROI fall into two groups: étrategic

factors and constraining factors. =~ The - former represent the different

objectives of the firm such as product diversification, market share, and

particularly gfowth. It is the market objectives in particular which define

new investment projects.

These strateégic objectives provide the firm with a gopd indication of what its

priofities should be and defihg the type of activity to be undertaken to-

achieve their aims. The majority of firms said that, of the strategilc

objectives, growth 1s the most impbrtant, followed by product diversification

and market share. Many firms pursue more than one of these objectives and -try
and . maintain ‘a balance between them. It was also pointed out that all the
stfategic.objeétives are intimately related to the "bot tom-1line” objective of

maximizing ROI.

Strategic_bbjectives are iong-terﬁ in nature. A firm éan increase itsAgrowth
or market share in the short-term; but only at the expense of its short—térm
ﬁrofitability. That is, a firm can maximize either markét share or ROI in the
shorf-term,'but not both. Thus, a firm's ROI objectives are a constfaint on
the pursqit of 1ts strategic objectives. If a project is desirable on the
basis of diversification, growth, or market share, it may neverfﬁeiess be

rejected because it is unlikely to be prdfitable.
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The constraining factors represent _restrictioné on the firm's freedom of
aétion, :such as lack of fit with existing capabilities, lack of trained

~ manpower or a lack of experiencé or credibility in the market. Generally and

not surprisingly, firms will tend to go.into new fields where they have some

knowledge, and they avold areas where they have little experience. The
constraining factors are not evaluation criteria per se, but represent
boundaries on what companies can profitably undertake. In other words, they

channel the firm's efforts into areas where they are likely to have the

greatest probability of success.. Most of the firms interviewed indicated that.

the constraining factors play an important role in ﬁheir decision-making.

EFFECT OF GRANTS ON PRICES

It might be expected that the eﬁfect of a grant woulq_be fo iower the prices
which a firm charged fof those produéts which, for example, used ‘a "50% free"
item of machinery. We found, in contrast, that, for the CA firms, the 50%
"cost" was absorbed into general overhead, and thg benefits were spread over

all of the firms' products.

IIT - PARENT/SUBSIDIARY RELATIONS

0f the twenty companies represented in the mini case R&D studies, thirteen
were subsidlaries of foreign firms at the time  they received their DIPP
grants. Foreign ownershlp of Canadian industry raises a number of important

questions with respect to bIPP, including the following:
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- what is meant by "autonomy"?

- = are Canadian subsidiaries sufficiently autonomous to be able to take

advantage of new product opportunities with minimum interference from

their parent corporations?

.= would Canadian subsidiaries receive money from their parents if DipP

financing were not provided?

= can DIPP be used by the'pgov‘ermnen_t as a means of obtaining more autonomy ‘

for Canadian affiliates?

- is there any relationship between the degree of autonomy of Canadian.

subsidiaries and the effectiveness of DIPP?

.Perhaps the best: place to start on this topic is to briefly review the basic

'techniques of formal control in the modern multi—divisional .multi~national

corporation. What emerges is that the control of such corporations can fall

anywhere between extreme centralization and a high degree of decentraliza-

_\tion. Under the fomer; the subsidiary basically- has no autonomy, and nearly

"all decisions are made by the parent. Under the latter, the subsidiary'oper— ‘

dtes in a highly independent fashion with little or 'no reference. to the

parent. Gemerally, the bulk of Canadian ‘subsidiaries fall somewhere. between

the two extremes. A derivative question, then 1is, "how is the control

exerted?"
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Assuming even a modicum of decentralization, the usual rule is that operating -

decisions are left to the éubsidiary while strategic decisions are made by the :

parent, with inputs from the subsidiary. The main instrument of control, but

not the only one, is the budget which the subsidiary is responsible for

preparing (as operating and capital documents) periodically.. These planning
documents are- prepared within the context of explicitly stated corporate

objectives and strategies.

BUDGETARY CONTROL

Budgets prepared by the subsidiaries or divisions of the firm are submitted to
corporate management for review and approval. Usually the criterion for
accebtance of budgets is the profitability (as a percent of.séles or.assets)
which'muét be within range of the norm for the corporation és.a’whole;r If the
budgets are unaccéptable to corpbrate management they are sent back to the

subsidiary for reworking.

Capital budgets are somewhat more compleﬁ. If the subsidiary wants to
puréhase.qapital equipﬁent, it must justify this‘purchasé oﬁ the basls of its
expected future profitability. Thié involves the estimation of cash flows
five or ten years into the fufure. Generally, the criterion for the evalua-
tion of capital projeéts is the net present value, Internal rate of'return or

the payback period, in some cases adjusted for risk.

Once the budget 1s approved the subsidiary has 6perational authority -and

. responsibility for achieving the .planned levels of sales and profits.
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Performance is evaluated on the basis of>}esults achieved. Thus, for multi-
dimensional corporétidns operating in this fashion, subsidiaries have a good
deal of operational autonomy: they are relatively free to act as it sees fit

within the context of the budget.

Within the framework of corporate planning and budgéting procedures, the

subsidiary can have various degrees of freedom. One dimension of this is the

" spending authority. Usually, subsidiaries are allowed to spend up to a

certain amount ‘without review by the parent. This spending aﬁthority varies

with the size of the subsidiary and the type of expenditure. Typically, the
spending authority for operating expensés is a good deal higher than for

capital expenditures. If the spending authority of the subsidiary is very

limited, it cannot operate in a truly autonomous fashion because of the need

for continuous consultation with corpordate headquarters.

Anofher dimension of control is the frequency of budgetary and performance
reviews. The greater the frequency, the highér the dégree of control exerted
by the parent over igs subsidiaries. A third diménsion of cdﬁtrol is the
responsibility for preparation of the budggts. A subsidiary preparing its own
budget is likely to have all the necessary resources to plan‘its activities
and hence act éutonomously. On the other, hand a subsidiary which has to
operate within a constrained framework specified by the parent is not likely
to have the ability to plan on its own and will not have a high degfee éf

autonomy .
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The key point. to be stressed here is that no matter how decentralized the

management of a firm, the subsidiaries are subject to external control and the -

parent makes the important strateglic decisions. At the same time, the more
decentralized the management the greater. discretion the subéidiary has,'and
the more flexibility to pursue objectives which are reéponsive to Canada's

needs.

PRODUCT MANDATES

So far the diécussion of autonomy has centered on how budgets aré used as a
means of control. There is another aépect of autOnomy  which is equally
important, and for Canada, probably more important namely whether or not the
subsidiary hés a produét.mandate. Historically, foreign firms estéblished
operations in Canada in ordef to'jump over the tariff barriers. As a result
they tended to manufacture the same product line in Canada as in the.home
country of the parent. Thus, the Canadian operations weré "minlature repli-
cas" of the parent with production geared primarily to the domestic market.
As tariffs were redﬁced this mode of operation became less feasible as the
Canadian market opened up to foreign competition. The idea of the product
mandate was (and will continue to be) a particularly gffective response to

- this new international trading environment.

A subsidiary has a product mandate 1f it has worldwide responsibility within
the corporation for a product or product 1line. Essentially, the prdduct

mandate is a way for a multinational corporation to rationalize Iits pfoducﬁion

internationally with each subsidiary responsible for a specified pfoduct

line. A multinational firm which makes use of the product mandate concept




other by.manufacturing the same produdts.
A product mandate can be either narrow or broad. A narrow product mandate is

product, but none for R&D, desigh, marketing or sales. In contrast, a broad

product mandate is one where the subsidiary has complete responsibility in the

given product line. Another form of producf mandate occurs where a.sﬁbsidiafy
has product responsibility'for.a specifié'géographic area, in other{WD:ds a
geographically limited product mandate. Clearly, the broader the product

mandate of the>subsidiary the gfeater are the advantages for Canéda:in terms

'aﬁtonomy of the suBsidiary.

In the context of the Defence Industry"Prqductivity Pfogram; the. p:oduct

. mandate concept is of enormous practical significance since the main crite:ion.

of the program presently is export sales.iﬁ relation to the DI?P;contribu-‘

tion. The higher fhe ratio of sales to the Croﬁn‘ contribution, the more

a foreign firm is at a distinct disadvantagé'if it does not have a broduct

its markets are limited and it may.havé to compete with sister'diﬁisions of

the corporation. On the other hand a subsidiary with a relatively broad

for Canadian subsidiaries of foreign corporations. 'In other wofdé, DIPP mohey
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ensures that subsidiaries‘in different countries do not compete with each’
one where the subsidiary has responsibility only for the manufacture of the

corporation for product development, production, marketing and sales for a

of highly skilled jobs, in terms of potential exports, and in terms of the.

desirable is the project. - Under these circumstances a‘Canadian subsidiary of

mandate (or if it has only a geographically limited product mandate) because

product mandate will have far‘bétter, and more credible market prospécts; If

this is the case, DIPP can be used as a means.of obtaining prpdnét mandates
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would not be given to foreign subsidiaries unless they were able to  show

reasonably good market prospects based on a broad product mandate.
RESULTS -

Now let us turn back to the qugstion of autonomy and pa:eﬁt/subsidiary
relations. Ofvthg thirteen Canadian subsidiaries interviewed,” all claimed
that they operate:with a good deal of autonomy particularly in OperaEiOnal
matters. Generally, it.appears'that fo the extent that the parent cérpéra—
tions are involved in the affairs of their subsidiaries it is in the decision—

making process, particularly in capital investment and financing decisions.

This reflects the importance of Budgét decisions in parent/subsidiary rela-~

tions. Some firms also indicated that their parents are involved in decisions

in R&D; market planning and sales. Only in certain instances is the parent

involved in operational matters. One notable instance of this is Dowty Equip—'

ment whose parent shares the responsibility for sales. There are other cases

where the subsidiary makes use of the sales and marketing facilities of the
parent (eg. Garrett and Computing Devices), but In these cases the subsidiary

maintains operational responsibility for these functions.

When the firms interviewed mentioned the form of control exerted by borpofate

headquarters they ﬁsually referred to their budget submissions. In all the

cases the companies said that they have to submit operating and capital

budgets to éorporacé or divisional management on a regular basis. As well
some firms sald that the parent reviewed all major projects (e.g., Garrett and

Varian). Generally, the format of budget submissions is prescribed by
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corporate management so that all divisions of the»compahy cén be evalﬁated on

the same basis. Financial reports are also prepared according to specified

formats laid down by the parent.

DIPP's Impact

In the context of corporate procedures for the review of capital expenditures 

and -major projects, DIPP appears to have an important impact. As noted
earlier the subsidiary must -demonstrate to corporate manégement that proposed

capital expenditures and major projects will be profitable ‘'on a discounteﬁ

cash flow basis. DIPP plays three roles in- this framework. TFirst, a’DIPP

grant can substantially increase the profitability of a project, thus making.

acceptance by theAparent far more likely than before. Alternatively, the DIPP
grant reduces the risk of the project, making it more attractive to the

parent. Second, with DIPP assistance the resources required for complétion of

‘the. project will be smaller than would otherwise be the case, i.e., the

liquidity of the subéidiary is improved. Thus, the subsidiary can attempt

‘larger projects with DIPP assistance. Third, parficipation by the Canadian

govermment may serve to "legitimize" the project in the eyes of the parent.

Nearly all the éompanies interviewed cited one or more of these factors when

questioned on the impact of DIPP. It appears that DIPP is a way of giving tﬁe.

o subsidiary resources to undertake projects that would normally be turned down

by the parént.

- .0n the subject of product mandates nearly all the subsidiary firms ihterviewéd(

claimed that they had one. However, only -three of the companies - Garrett

-Computing»DeVices and RCA - actually appear to have broad product mandétes as

defined in the preceding section. 'GarrEtt has product mandates in .the area of
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aircraft temperature control systems and hybrid microcircuits. Computing

Devices speclalizes in subsystems (e{g., ASW equipment,'projected map display -

systeﬁs).while the aerospace division of Control Data (the parent corporation)
makes 'black boxes}. There is a complementarity between the defence products
of Computing Devices and those of Control Data. RCA Canada has 'a product
mandate for photosensors whicﬁ includes all aspects of the product from
develbpment' through to séles. Other firms i#terviewed also have product
mandates in depth. For example, Litton has a product mandate in coummercial
inertial guidance éystems; but their mahdafe in otﬁe; product areas is ﬁot as
clearly definéd. ‘As well; ﬁestinghouse, Ayiétion Electric, Irvin, DAF-Indal
- Dowty Equipment and Varian all éppear to havé product maﬁdates'in certain

product areas. It is not -entirely clear whether these abovementioned firms

have product mandates which are broad-ranging or well-established .as those of

Garrett or Computing Devices.

Some of these companies, most notably Aviation Electric Limited,‘credited DIPP
with their being able to obtain a product mandate from their parent.
Apparently, DIPP assistance was withheld until Aviation Electric obtained the

product mandate in fuel controls from its parent - the Bendix Corpbration.*

* At present, it is not clear whether Aviation Electric is making optimum use

of this product mandate. The company is a sole source supplier of fuel
controls for Pratt and Whitney of Canada, but does not have any other
significant customers in this product area. In the past, another Bendix
division manufactured fuel controls for jet engines larger than those at
Pratt and Whitney.
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Other companies saild that thej had used DIPP in order to'hroaden thelr product

--mandate.. For example, Litton uses DIPP assistance to launch itself into new -
product.areas; Garrett claims that without DIPP (and DIR) assistance they

-would not be manufacturing microcircuits. | Similarly, RCA used DIPP assistance

to get itself into photosensors. From this it appears that DIPP has been used

by the Sector Branches toiincrease;the'autonomY'of Canadian subsidiaries and

to help them obtain product mandates.

This was'confirmed in interviews with a number of ISB officers who said that

“in the past there has been a good deal of "informal bargaining with DIPP

applicants. The ISBs told firms that their DIPP applications would not
receive the support of the Branch unless certain conditions were met, includ-
ing among them, a product mandate from the parent. . Further interviews with

ISB officials would provide more information on the nature and extent of this

Abargaining and whether it still goes on. However, on the basis of the avail-

" able evidence, it is clear that DIPP has been used as a lever to obtain a

product mandate (and/or more autonomy) for Canadian -subsidiaries. ' To the

_extent that DIPP has been used this way the effectiveness of the program may

" ‘have been significantly enhanced .

One other :aspect‘ of-aparent/subsidiary relations deserves further mention.

This conceras 'the.‘issue of whether Canadian ‘subsidiaries would . receive

financing from :the' parent 1if DIPP-.assistance were not available.._ While

companies were not directly questioned on this matter, the evidence provided
in the interviews strongly suggests that the parent corporations do not
provide financiai assistance to their Canadian subSidiaries. When asked how

they would finance projects 1f DIPP funding were not available, none of the
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companies mentioned the parent as a  source of funds. If the project was

undertaken companies said that they would 'finance it through in;ernally .

generated ggnds or through Bank loans. Genefally, for Canadian subsidiaries
of foreig;L;irms the main sources of_fihancing are retained earnings and bank
loans. Véry few of the Canadian subsidiaries interviewed had. significant
amounts of long-term debt or shares outstanding. Thus, there appears: to be

véry 1ittle reason to believe that parent corporations are a significant

source of financing for Canadian subsidiaries.

1V ~ APPROACH TO R&D

R&D PLANNING

On the subject of R&D planning. the main impression gained from interviews 1s.

the wide diversity in planning techniques from one company to another.  Even

though detailed R&D planning techniques vary considerably, there:appear to be

two basic approaches - "top down" R&D planning and "bottom up" planning.

Under "top down" planning R&D the overall budget and research priorities are
established centrally in the firm and then the details are then filled in by
the units affected. This approach implies ;hat'the main R&D efforﬁ is focused

on product areas where the company has to do work to maintain or increase its

share of the market. In other words; market requirements dictate the.R&D

priorities. The overall budget is usually set as a percentage of sales.

Only a relatively small number of companies use the “top down" approach,

inéluding Computing Devices of Canada, Varian Associates, Aviation. Electric
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and Garrett Manufacturing Limited. While the practides of these companies

vary in detail certain common features stand out:
‘= the overall budget is set as a percentage of sales;

- research priorities are established after reviewing market requirements

in each product area; and

- individual projégts are selected on the basis of -the ROI or-;hé payback :

period.

"Bottom—-up" planning is the reverse of top down R&D‘plgnning, Instead of

setting the overall R&D bﬁdget and priorities centrally, project proposals are

generated by‘éngineers, scientists and market persomnel in the main product

areas and thén reviewed centrally by the managément of the firm. Under this

apﬁroach there are usually more projects proposed than the company can afford

to undertake. Only a subset of projects can be selected, usually on the Basié

of ROI (and payback period) and perceived market requirements.  The main

‘1limiting factors to R&D are cash flow and hanpower. The latter becomes a

factor if engineers .or scientists  are occupied on 6ther priority-aréas or if

‘'suitably trained.manpower to do the project are not available.

Companies using the "botﬁom—up" approach include Litton, Leigh Instruments and
Spar Aérospaée. As noted earlier, there is considerable variation between

cpmpaﬁiés'in the ‘way in which the “bottom—up“ approach  is carfied out. The

common denominator bétween different companies using this approach is the way
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in which new projects are generated. Otherwise there are differences in the

methods of project seiection, the constraining factors and the objectives of -

R&D.

OBJECTIVES OF R&D

The interviews suggest that companies have one of two objectives for R&D:
maintaining the firm's share of the market'or‘diversifying the firm's prdduct'
mix. These can be refgfred to respectively as the "defensive" objective and -
the "offensive" objective. Defensive R&D implies that the firm’is_continuoﬁs- 

1y updating its base technology in order to remain competitive. Offensive R&D

- implies the development of new dr "breakthrough" technologies which give the
firm a significant lead on'its competitors., Companies can pursue both objec-
tives to varying degrees, butlasually one predominateé. Only one company,
Litton Systems Limited, said ﬁhat it pursues an offensive oﬁjective. Most of
the other companies.interviewed either did not state their objectives_or'indi~

cated that they perform R&D in order to maintain their share of the market.

The fact that the majority of the companies interviewed pursue défensive
objectives may be a reflection of their relatively small size and 1limited
influence in intefnationaly defence markets.  Perhaps these companies are
simply not large enough to do anything but éttgmpt to maintain thelr market
~share.  The pursuit of a offensive R&D objective may require manpower and
financial resources which are simply not .available to relativély .small

companies, partidularly if the firm is trying to maintain its markets against

larger competitors. Thus 1t is possible that unless the size of the firm is

above a certain threshold, it may not be able to undertake offensive R&D.
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FUNDING OF R&D |

Néérly all the.coﬁpahiés interviewed indicated tﬁat thef fund.R&D out.of.cash
flow. Genera;ly,'.R&D is considered a genéral and »adﬁiﬁiétrative. expense
(i.e., bverhead); Thus, a major constfaint to increased R&D spénding-is.caéh:
flow. Many of the companies'usg a percgntage of groés sales és a yafdstick_
for the R&D bﬁdget, withifigﬁres ranging from 2% to 8% -However?iLitton'

Systems said that it would resort to outside financing 1f 1nterna11y‘generated

. funds wefe.inéufficient. ‘In their view "if a project is promisiﬁg, cash flow

is not a problem”. anthe other hand some companies, most notably. ILeigh

Instrumehté, suggeéted_ thatf‘banks ‘are unwilling to fund R&D activities _6r

technology intensive companies. . Thus, a"érograﬁ such as DIPP repreéenté for

- them the Best~alternat1ve.source of fidancing'if'internaliy.geherated-fundsf

are not sufficient to permit desired projécts to be undertaken.

THE BROLE OF DIPP

The 1ntery1e&s with the companies sﬁrongly‘ éuggest_ that DIPP . piays_‘an
1mportant_roie in their R&D'planﬁing, the fype of R&D they perform and in

their corporate strategy. Let us consider each of these in turn.

(a) Effect on R&D Planﬁing

| Accofding_to one conceptual model of the 1ncrementality_of{DiPP,.itv1s
assumed that a company oriéinally evaluated R&D projects aésumihg no
aséiétahqe from DIPP of oﬁher programs. if:the prdject 1s profitgblé

Aﬁhen'the-cbmpany can go. ahead without DIPP assistance. If, on' the
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other hand, the project is unprofitable, or marginal, than the cohpaﬁy

seeks DIPP assistance. In other words companies use DIPP assistance .

to make marginal projects profitable. How accurate is this view?

"Not very" acdording to the interviews with companies which have used
DIPP. The majority of companies said that projects are planned from
the outset wlth DIPP assistance in mind. DIPP assistance is factored

in at the time the project is conceived, particularly if the project

is large. This may be a reflection of cash flow constraints which may’

1imit the amount of non-funded R&D which the company can perform.

Another possible expianation is the fact that there is no incremenf_

tality criterion in the present version of DIPP. Thus; companies

simply assume DIPP assistance because it is available and the project -

'.'is likely to be eligible on the basis of other program criteria.

(b).

Type of R&D
The U.S. military classifies R&D expenditures into four major‘types as

‘follows:

6.1 Basic Research
6.2 Applied Research
6.3 Product Development

6.4 Manufacturing Techndlogy

While DIPP is normally considered as an "R&D program”, the eﬁidence

strongly suggests that companies use the program for 6.3 and 6.4 type

 projects. DIPP 1is largely a product development ‘program and only
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rérely supports research oriented projects. That, DIPP should be

-developnént“briented should not be surprising since the main criterion :

- the ratio of sales to the Crown contribution - 1s commercial. . Thus,

only projects with a high probability of significant sales are likely
to beAsupported and specplative R&D projects without clearly defined’
market prospects will be rejected. The return on sales criterion
blases the program support away from projects with a 'signifiéaht
element of research and towards projects which are relatively close to

the market.

As Well,‘it should be noted that many of the companies interviewed may -

"be too small to conduct significant research activities.* Since for

most of the companies interviewed cash flow is the main constraint on -

. R&D spending, it is only natural that the R&D done by them should be

on projects which are likely to have a reiatively immediate -payoff.

"Blue sky"” R&D is not likely to be -a high priority in small companies.

Effect on Corporate Strategy

' One interesting»facet of DIPP that came out in .the interviews was the

impact of the program on corporate strategy. This was the case -
particularly for foreigﬁ owﬁed firms. A number of companies (Lit;on,
Westinghouse, Computiné Device#, Garrett) indicated thét.thef usé DIPP -
to acquiré or fofenlérge thelr product mandates.  DIPP provides these.

companies.with the funds to do R&D in new\prbduct areas. For example,

.*, However, . some of the smaller firms interviewed are 'R&D houses' which-
- perform research projects for customers on a cost-plus basis (e:.g.,

Optotek, Mega-Systems Design)..
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~Littoh said that their main objectivé in using DIPP was to diversify
'themselveévinto ne& produét éreas. If DIPP is éctually being used in :
‘this'fashibn, tﬁen the program maf be playiﬁg‘an effective role in
fgetting Canadian subsidiaries into new product areés that ﬁhey/wouid

‘not be in otherwise.

() .Efféct'on R&D Spending
AAll the companies inter§iewed‘werg asked to assess thé;impact_of DIPP
‘grants on their intérnally funded R&D spending.. Not éurprisiﬁgly;‘thé‘
’majority of firms said that DIPP caused them to iﬁéreaéé their inter-
nally.funded'R&ﬁ expenditures, However, this feséoﬁse is cdnfirméd,by
ithe results of the Howe-McFettridge study wﬁich showed that DIEP,was}

“the only program that caused firms to increase their-R&D funding.

‘Some dompanies_stéted that DIPP had no impact (e.g., Space Reééarch,
Dowty, Shefford) or thatv it caused them to reduce théif own R&D -
spending (e;g., C.R. Snelgrdve). " The coméanies resﬁondiﬁg in this
manner all'ﬁended ﬁo operate in the “engineering mode"”, i{e.,,they

ﬂpefformed custom engineering for their customers on a cost-plus basis.

RSD IN SUBSIDIARY FIRMS

éeneraliy speakiﬁg, the. direét invol?ement of _paréné companieé in the RéD
'aétivitieélof their subsidiaries is minimal. Parent cﬁmpanies get involved'
mainly as a "t:ansmissién belt" for'RéD information generatedlin other ﬁarté
of ﬁhe éoméany. Thisttransfer of déta may give subsidiaries an'advantagé over

‘smaller; Canadian. owned compénies-which do not havevaccess to “free” R&D.
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Thevinternatioﬁal transfer-of technology can take place in two ways in multi-

- national enterprises. One 1s by the informal ekchange of technical informa- -

tion between the subsidiaries of the firm or from the central research labora-
tories to other parts of the firm. The other form of technology transfer dis

the formal sale or grant of"ﬁechnology by the parent to the subsidiary. This‘

latter form of transfer can take place when a subsidiary is given a product

mandate. The granting of a product mandate may dmply a significant transfer

- of.technology by the parent, particularly if the subsidiary is given entirely

new responsibilities for product development.

© A fully effective.product mandate implies that the subsidiary has been given
S all .the nacessary  technology, infbrmation, and resources to develop the

_product without assilstance from the parent. The only other way that a subsi-

diary can obtain this sort of'product mandate 1s to deavelop technology on its'
own. Usually, subéidiaries are too small to do this Sbrt of activit§ dﬁ tﬁeir

own without government assistance. Ihus,kgovernment assisténce érograms such
as DIPP can play a role in helping foreign subsidiaries move into new product

areas witﬁoﬁt~making significant'demands oﬁ the resources of the parent.
IV - RISX

Most of the material on Risk gathered in the mind case studies has been
lncorporated into the Risk Appendix fo the Covering Report (Volume 1 of the
DIPP Evaluation Study). . The discussion in this section focuses on those

aspects or items of risk peculiar to these firms.
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RISK ASSESSMENT

Pure risk avoidance, which implies a high sensitivity to risk is practiced by

'Leigh Optotek Computing Devices, and Dowty.

Intuitive Risk Assessment —~ using  informed jndgement as the basis for'weighing,

~risks - is folloWed in one form or another, by Litton, which factors the risk

”elements in to the budget estimates; and by Collins, which incorporates a risk

. premium in the ROI calculations.
Formal risk analysis is used by only ome firm: Garrett.

RISK FACTORS

The interviews strongly 'snggest that among tne. various risk factors, the
market risk (including market size, competition, etc.)\is the most important.
. About two*thirds of the companies intervieWed indicate that they assess sales’
. forecasts when assessing risk. ‘About one-third of - the companies identified

"political uncertainties" as .a source of risk and account for it in their

planning. " Political uncertainties are usually more of a factor inm military :

than in civilian markets.. The‘main source of economic uncertainty,appears to

be thefexchange rate risk. Companies identifying exchange rate'as a risk

factor all expressed concern that a rise in the value of the Canadian dollar
could - adversely affect their profitability and reduce their 1nternational

competitiveness.
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ROLE OF DIPP

DIPP 1s viewed in some qﬁarters as a "risk-sharing program with the objective
of (the govermment) sharing development risks with the companies”.  All

cdmpanies confirmed this view by responding that DIPP funding had effectdively

"

"reduced their risks through aiding liquidity and minimizing potential "up-

front" losses. However, not all agreed that DIPP projects were necessarily

the most risky ones. TFor these companies, other non-DIPP projects are more

risky.

Since most companies view risk as an important decision-making faﬁtor, they

were asked for their views on the desirability of 'a sliding scale for DIPP

support (more risk = higher sharing ratio). About three-quarters of the -

companies approved of this idea, although many.foresaw pfoblems because of the

subjectivity of risk. The companies who disapproved of the sliding scalé

génerally felt that the quantification of risk would present inéuperable

_administrative difficulties.

VI — COMPETING SUBSIDIES AND COUNTERVAIL

Most of the Mini-Case findings are analyzed in Appendix H to thé>Covering

Report ‘(Volpme 1, DIPP. Evaluation Study)-. This discussion deals with

- exceptions to the general findings.i
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AWARENESS*

Only one company, Garrett, was able to provide details on the assistance

prdvided to its competitors in the U.S.

Interestingly, Litton took exception to the phrase "competing subsidies"”. In

their view, R&D funded by the U.S. DOD is not a subsidy, but rather, the

purchase of a service. Litton sees itseif as competing not against subsidies

butyagainst massive U.S. procurement of military R&D.

The  U.S. practice of permitting a certain per@entage of each procurement

contract to be allocated to the contractor's own R&D was viewed favourably -

although perhaps not objectively.
COUNTERVAIL
For most companies interviewed, the existing DDSA/DPSA arrangements provide

sufficient protection against countervail on military products. The advantage

of these agreements is that the Canadian company 1is considered as equivalesnt

to a U.S. Contractor by DOD. Whether this is actually the case is another

question. Because most of the companies interviewed specializé in military

products, the U.S. potential for countervail 1is mnot considered as a serious
problem. However, to the extent that the companies also manufacture related

civil products, countervail is a ﬁOunting bonéern. One final point: while

* Note that in contrast to the fairly relaxed attitude to competing subsidies
displayed by the Mini-Case Study firms, the Major Case aerospace firm
expressed considerable concern on this point. ‘ ' :

‘I
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most companies consider DDSA/DPSA to" be effective protection against

countervail, many feel that DIPP is also necessary to gain penetration of

U.S. and other foreign markets.

NON-TARIFF BARRIERS

_ Non-tariff barriers (NTBs) were identified by about half the companies as a

constraint to their being able to effectively penetrate foreign 1markets.‘

Perhaps the most commonly identified NTB was 'buy local'_provisions_which

- restrict purchases to indigenonsvsuppliers and exclude imports. Aside from

this there was no pattern in the responses.  The NTBs . identified. include

inter, alia, small business set asides, preferential_relationships between the

- supplier and borrower, the 'not-invented-here' syndrome, bribes and licencing—

of imports.“While many companies did identify.specific examples, it general—

ly appears that NTBs are not a pressing concern at present.
CONCLUSIONS
The responses of the companies to questions on;conpeting subsidies, on freedom

from countervail, and on non—tariff barriers all seem to indicate that while

there 1s a general awareness of these barriers, they are not really a serious

.problem. When, asked directly why they continue to - operate in. Canada despite

these barriers nearly all companies responded by saying that the barriers are
simply not a problam or that they possess certain advantages (1ower costs,
efficiency, patents, etc.) that make the barriers irrelevant. This should not
be wholly surprising since DIPP recipients tend to be effective exporters._ in

fact firms would not be eligible for DIPP if they did not export.’ The fact
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that DIPP recipilents do export means that competing subsidies, countervailing

tariffs and non-tariff barriers were, in the past, not sufficilent in them

selves to exclude Canadian products from entering foreign markets.

VII - THE IMPACT OF DIPP

In another section of the report we record the views of DIPP held by the firms

which were interviewed. The results described in that section are highly - -

general, pertaining to the overall benefits of the program, comments about its
administration, and suggestions for improvement. In this section, we report

the views of the firms on how DIPP has affected their planning and operations.

DIPP AND NEW MARKETS

One of the questions under examination was whether DIPP‘has given firms an

entrée into new markets. Nearly all companies responded that DIPP had indeed’

played a crucial role in getting them into new markets or new product lines.

Most of these. same companies said that the probability is small that they

would be in existing product lines without DIPP.

A smaller nwmber of compénies indicated that they would not exist if DIPP

subport had not been pro#ided. Companies crediting DIPP with their survival

include Litton, Leigh, DAF—Indal, Optotek, C.R. Sﬁelgrove, and Erie. While it

is difficult to confirm these clailms, it is clear that Leigh would not be in

existence without support from the program. ' During the 1962-64 period they
received $504,000 from the- govermment, while their sales over the same years
totalled $569,000.. Of course, -the survival of the firm is not in itself a

measure of economic benefilt.




- 31 - - CONFIDENTIAL

DIPP AND CORPORATE STRATEGY

DIPP is conceived as a "responsive” program in which the companies develop

proposals and submit them to the Department for approval.

While the process of projeét review is considéfablyAmore complex than sugges—
ted above, the basic‘ idea of firﬁs initiating projects is substéntially
correct. Nearly all projects reviewed in the mini case studies were initiated
by ‘the company,‘pot.the government. Projects 1nitiated by ;he govermment
resulted from the Department becoming aware of a specific contract (and/or

market) and ﬁotifying‘the company which had the most experience in. the field.

Since the projects were generally initiated by the companies, it should not be
too surprising that DIPP projécts generally fit in with corporate strategy.
This is supported by the finding,that DIPP projects are evaluated using the

same criteria and procedures as other projects.

VIII - SPIN-OFFS

One of the frequently cited reasons for the perceived effectiveness of DIPP is
the possibility of "spin-offs" resulting from projects."Before discuésing
whether or not there 1s a factual basis for this assertion let us first define

the terms.

In the context of DIPP a spin-off can be defined as the development (or the

knowledge to support and develop) of one or more related products which would

not have been created if the DIPP project had not taken place. A "spin—off"
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can therefore be considered as a new product. directly resulting from or .

attributable to DIPP, though not funded by’it. Thus, the prdducts_directly
funded by DIPP cannot be considered as spin?offs-nor can products which would

have been developed without DIPP.

The first question to be addressed was "How important are spin-offs?” Each
company was asked to rate the developmeﬁt of "non-funded spin-off projects” as

a general benefit of DIPP. O0f the twenty companies interviewed, about half

identified it as an importaht benefit of the program. In some cases,

companies explicitly identified the potential for spin-offs as a criterion for

the acceptance of R&D and engineering projects. We can safely conclude that
about half the compaﬁies in the sample are aware of the importance of spin-

offs and some 107 explicitly plan for them.

The next question to be addressed was whether the companies could document

important spln-offs from DIPP projects. Here, the information is éomewhat

sparse. Despite the fact that half the companies specified non—funded

spin—offs as an important benefit of DIPP, only six (of a'totai of twenty

firms)_werevable to identify any which resulted from their projects..

A number of other companies also said they had spin-offs from their DIPP
projects, but they were not speclified iIn sufficient detail to be included in
the above. list. Companies falling into this class include Leigh Instruments

and Westinghouse.

l
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-While epin—offs apnear to be important on a few projects (notably 1itton,
DAF-Indal and Computing Devices) one. is struck by their-_relatively_Ammall‘:'
importance in the remainder of the cases. This is'not to say that spin-offs

are unimportant, but rather that it is rather difficult to predict their'Value’

at the time a projeet is undertaken.

Companies that try to maintain a presence in a field of technology - increas-

.ing their knowledge and exploiting'it - are more likely to have spin—offe than

companies who enter'new areas on a "one-shot" basis. A company with a longA

history of experience with a technology is far more likely to have spin-o ffs

than a company new to the field. The experience of Computing Devices in the

ASW field and Varian in the microwave tubes field are good examples of this.“

An equally important determinant of spin-offs is the company's knowledge of

possible uses and markets for its technology.‘ Computing Devices considered

alternative markets for the digital scan converter technology even after the

U.S. Air‘Force.cancelled the project. In short, spin~offs are, among - othef

~ things, the result of persistence.

On the basis of the preceding.arguments it is difficult to maintain that spin4

offs, whethercplanned or unplanned; are ‘a justification of DIPP. The ability
to generate spin-offs'is morebthe result of company planning than of DIPP"

' per se. Spin—offs are not a feature of DIPP, but a result of providing funds

to well-managed companies. Thus, spin-offs can be;maximized.by providing.DIPP
assistance only to companies which know how to make the best of the opportuni—

ties presented to them.
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IX - COMPANY VIEWS OF DIPP

One of the aims of the interviews in the mini~case studies was to obtain from
each company their views on DIPP. These views we:é obtained through struc-

tured questionnaires in which the companies were asked to rate the various

aspects of the program. The most useful information came when the companies’

were asked to give their general views on the program. As well, many

important aspects of DIPP were raised by the companies in the course of:

discussions on other topics.. In this section the views of the companies-are'

summarized on a topical basis.

GENERAL OPINION OF DIPP

All companies intefviewed7expre93ed strongly positive views qf'DIPP’and firmly
supported continuation of the proéram despite feservations. about various
aspects of progfam delivery. In nearly all caées the companies indicated that
DIPP aséistance had been crucialvin enabling theﬁ to eithef maintain their

existing markets or to enter new product areas.

It appears that the main reason for this_satisfactidn with DIPP lies in the

flexibility of the program and relative looseness of thé prégram criteria,
pafticularly when comparéd‘with the Enterprise Development Program. In fact,
a common thread.rqnning through many interviews was a clear hostility téyEDP
and a fear that the DIPP criteria éould be made sﬁpilar.A 'Many of ;he
coﬁpanies indicated that projects that had received suépdrt uﬁdér DIPP would

not have been’eligible for EDP assistance.

g 4
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Another strongly expressed view was the success of DIPP overall despite the

occasional "lemon". Some attributed the current strength of the defence/aero-

space industry to assistance that was provided in the early seventies - a

period when the industry was in very poor shape. Without this assistance the

industry would not have been able to survive.

MAIN REASONS FOR THE SUCCESS OF DIPP

" When éskgdAhow DIPP had assisted them, twd factors stand out. The first is

the impact of the program in reducing.the financial risk in the deVélopment of
new products. DIPP reduces this source of risk by decreasing the potential

"up-front" losses of the company. The other way in which DIPP is helpful is

in improving the liquidity of compahies receiving assistance. R&D usually is
~a drain on cash flow and the provision of DIPP funding helps to mitigate this

~ problem.

PROGRAM DELIVERY .

To the extent that companies complained about DIPP, complaints focused on
- program delivery. Most of the complaints centered on delays in program

delivery — both in the decisioh—making prior to the approval of funds and in |

the -approval of claims were most often criticised.

The:complaints about delays in decisions focus on .the amount of time that
passes between the submission of a written proposal and the approval of'the

contract. For some companles this creates a serious hardship, particuiarly if
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their liquidity position is weak. A related problem is the amount of informa=

" tion which .is requested in addition to that contained in the written pro-

posal. As a result company officers. may spend an undue amount of time
serviciﬁg the DIPP proposai. The time spent.in.coilecting tﬁis information
also slows down the decision process. These delays in the decision process
.make it difficult fof companies to. plan their R&D activities because they

cannot estimate when DIPP funds will be available.

On the administration side, the main concern is with the speed with which
progréss payments are processed. A number of companles sald that there are

long delays over relatively small amounts of money. As well, some firms

complained that the work plans are too confining and that the time required to -

change the statement of work is too long.

CONTINUITY OF ISB OFFICERS

While not a genéral problem, some companies expressed a concern with the
turnover of officers in the Sector Branches. This creates a problem for the
company because each time a new officer becomes responsible for a company it

takes a good deal of time for him to become- familiar with the company and its

projects. . As well as requiring time and effort on the part of the company,

the turnover of officers also creates delays in progrém delivery.

ADMINISTRATIVE RULES

Some companies indicated that they havé,problems with certain of the adminis-

trative rules of DIPP and DSS including the following:

1
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changed..

(b) engineering recovery - are the-rules reasonable?

(e) data rights -~ on projects which are jointly - funded by  the U.S.
military. ‘and DIPP there. is a potential “conflict

between DIPP ‘and U.S. contracting rules. Under the

products while under DIPP it 'is the company whlch

v : . Military service.

GAPS IN DIPP

As noted earlier there is general satisfaction with DIPP,'but many.companies'v

offered suggestions for the improvement of the program. The one recommenda-

tion that came up most often was the idea of extending DIPP to support applied
research. _Many companies said that there has been no government support for
"front—end R&D" since the‘ cancellation of the Defence Industry: Research

'.Program (DIR) in 1975. (There has been a DIR element in DIPP since 1976,.but

none of the companies interv1ewed appeared to be aware of it) " It was
generally felt 'that if "front—end R&D" were to be supported -the criterla
should not be commercial but on the basis of technical promise and/or company

development. . Another related recommendation su gested by many companies was

. (a) eligible costs -~ DSS does not ‘allow interest, profit or selling

expense. Most companies suggested that this be

' latter, U.S; military has rights to» data. on new.

maintains data rights. These conflicting rules can‘
create a problem for DIPP recipients unless the issue-

is explicitly dealt with in the MOU With the"U.S;
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the revival of the Industrial Research and Development Incentives Act

(IRDIA). 1In the view of these companies, an IRDIA-type program would be more =

effective than the existing R&D incentives.

Another commonly offered recommendation related to increased DIPP funding.
Most companies suggested that funds allocated to DIPP be significantly
increased without changing the criteria of the program. A number of companies

also recommended a relatively larger'increase in the funding of the Capital

lAssistance/Source Establistment elements of DIPP.

The firms recommending an increase in DIPP funding.appear to believe that.

there are major opportunities in the U.S. and other foréign militgry markets,
and that these épportunities can be exploited 1f thére is an iﬁcrease in
program funding. As well many of these same fifms also suggest that é‘céncel-
lation'or contraction:of_the program would impose serious opportunity costs on
the Canadilan economy (i.e., they beliave that they cannot compete iﬁ féfeign
military markets without DIPP assistance). It is nét unimportant to note that
many DIPP recipients are members of the Aif Industries Assoclation of Canada,
an §rganization which has ﬁade strong repfésen;ations to the government on

behalf of DIPP.

X - SUMMARY OF THE RESULTS

In the preéeding sections we have covered in detail.the main findings on each
major toplc discussed in the interviews with the mini case study companies.
The object of this section is to review the main findings and discuss their

relevance to DIPP:




R W BA SR

-

-39 - : CONFIDENTIAL

CORPORATE. DECISION MAKING .

Most of the companies 'interviewed indicated that they make use .of formal

techﬁiques of project evaluation, although there 1s a wide degrée of vafiation-

in the sophistication of the techniques used. DIPP projects are generally
considered to be no differeat from any other projects and are assessed accord-

ing to the techniques and criteria which the company generally uses. There

appears to be a pattern of larger companies using more advanced techniques for

planning and anélyéis which may give them an advanﬁage over smaller companies.

On the subject of corporate objectives, most companies interviewed indicated
ROI is an important criterion - the "bottom line" - but strategic objectivés
are equally im?ortant.: The strategic objectives pursued by firms include

gfowth, market share aﬁd product diversification.

As "well, there are certain constraining factors such as lack of manpower or
lack of market experience which are taken into.account. These objectives anq

constraining factorS_interdct to channel the efforts of firms into new product

areas most likely to meet with success.

PARENT/SUBSIDIARY RELATIONS

All the subsidiaries of foreign firms which Were'interv}ewed claim they have a
good dégl of -operational autonomy. To. the extenﬁ-that~the parent corporations
exert control over their subsidiaries it is'in decisions in the fuﬁcfiohal
areas of.finance aﬁd cépital invesfment.. Tﬁis is»engirely consistent with the

pafent eierting cdntrol via’periodic budgets.
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Another aspect of parent/subsidiary relations discussed in interviews is the

subject of product mandates. All the subsidiaries interviewed claim that they -

have a product mandate from their parent, but only three companies were able
to demonstrate that they have a "broad” product'mandate covering all activi-
ties from product development through to postsales service. The product

mandates of other companies tend to be narrower in scope.

Four companies said that to the extent that ‘they have product mandates, DIPP

is responsible. in effect, DIPP was used as a "carrot"” to induce parent.

companies to grant their Canadian subsidiaries a product mandate. Such'use_of

DIPP clearly enhances its effectiveness.

Generally, Canadian subsidiaries receive little or no financial help from
their~pafent corporations. R&D investment projects in these firms are funded
out of cash flow or bank borrowing. If finaﬁcing is'provided by the parent

corporation it is usually on an "arm's length"” basis.*

APPROACH TO R&D

Most of the companies interviewed indicated tht they build up their R&D budget
on a bottom—up basis - thaf is to say, on a project—by4project basis witﬁ
proposals originating in engineering or marketing units of the firm. Only
four companies,’all subsidiafies do their R&D planning on a top~-down basis
(i.e.,Apriorities and overall funding levélé set by managemeﬁt). This léttgr

approach tends to be more sensitive to market requirements.

* In fact, the flow of funds may be in the opposite direction - ffom sub~.

sidiary to parent -~ in the form of negotiated profits, management fees and
royalties. It was not possible to confirm this since the data provided by
the companies did not go into sufficient detail,

> '
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Nearly'ali companies indicated'thatitﬁey do R&DAin order maintain their ehare‘

. of the market. .Thie can be contrasted'with "of fensive" R&D, which is aimed at :

diversifying the firm's product mix and/or increasing~vmarket share.  The

prevalence of companies pﬁrsuing‘"defensive" R&D objectives ean'perheps be

.explained by their relaﬁively small size and insignificance in international

military markets.

" R&D tends to be funded out of cash flow and the main constraint to_inereesedi_

R&D spending is liquidity.  Only" one cempany indicated that it would be :

willing to use external financing as a source of funds for R&D.

DIPP plays an important role in the R&D planning of the companies by augment-
ing their cash flow and reducing the up-front risk of R&Diprojects. General-

ly, DIPP supports product development projects~rather than applied or basic

.research. - This appears to be a result of the market-oriented DIPP criteria
(i.e., the ratio of sales to the Crown contribution), and the relatively small -

size of the companiee restricting the amount of applied R&D that'theyicen“

perform.

. For some companies. DIPP is intimately related to the carrying out of the -

corporate strategy. They‘ use DIPP to enlarge or augment their product

- mandate. © More generally, DIPP pfojects are ‘usually undertaken on the

initiative of the company and thus reflect corporete objectives and strate-

gies.
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RISK

Only a few companies make use of sophisticated techniques for assessing risk.

" Generally, there appear to be three general techniques for dealing with risk:

(1) Risk avoidance - on the basis of an intuitive assessment of risk, the

company decldes whether or not to go ahead with the project;

(11) Intuitive risk assessment - the company assesses the risk factors and

weighs the outcome according to the degree of risk;

(111) Formal risk analysis - the firm assesses the impact of the various

sources of risk on the outcome of the project.
Most companies tend to use techniques (1) and (1i).

As nmoted, the majority of companies said that DIPP reduces risk by minimizing

the potential "up-front” losses and reducing their financial exposure.

THE IMPACT OF DIPP

Neafly all companies interviewed saild that without earlier DIPP assistance
they would not be in the same product lines as they are now. In a few cases,

companiés said that they would not exist if they had not received DIPP.

In nearly all the cases DIPP projects were initiated by the company rather

than the Department. This supports the view that for the smaller projects

DIPP is a "responsive” program.
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SPIN-OFFS

-~ About ‘half the companies expressed an awareness of the importance of spin-offs

as a benefit of DIPP. However, only six companies were able to.speéifically
identify spin-offs from their projects. In any event, spin-offs appéar to be

a_chatactéristic»of good company planning and not an inherent feature of DIPP.

CORPORATE VIEWS OF DIPP

All the cbmpanies interviewed - have a positive impreséion of DIPP and identi-
fied the main benefits as aiding liquidity and reduéing risk. A significant
number of firms complained about the slowness in the DIPP approval procesé"and

in the. processing of progress claims.
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INTRODUCTION

The'purpose of surveyling the opinion of experts was to‘proyide measures of the
contribution of DIPP toward meeting its technological and defenee”objectives.
These subsidiary objectives of DIPP have traditionally been included in,thei
DIPP directives indicating that DIPP is designed to "develop and maintain the
technological capability of Canada's defence industry”. These objectives were
addressed in this module from an historical point of view, i;e., ho& well they
have been met and from a future oriented point of view,‘i.e.; how information

about technology and defence can improve the selection criteria .for DIPP

projects .so as to improve the return ontinvestment.‘-In-addition, the module

provided an attempt to assess the risk involved in DIPP projects and the

relation of risk to other objectives.

Our findings and those of other studies concerning the relation of government
support for defence and technology to economic growth are discussed in

Appendix E of the covering report in Volume 1.

Y -~ STRUCTURE AND METHODOLOGY -

Thebdevelopment of the methodology for this module waslbased on;a number of

considerations, especially the. following:

. There is no satisfactory objective measure of the contribution of DIPP to

its technological and defence objectives.

» The best alternative is informed, disinterested subjective assessment

made by experts.
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. Given subjective assessment, an effort should be 'made to eliminate

~systematic bias. This can be done by obtaining and judiciously combining -

a number of subjectlive assessments for each project.
- In order to permit the subjective assessments to be used in- statistical
- models, the opinions given by the experts should be carefully structured

into a quantifiable format.

These considerations lead logiéally to the essential design characteristics of

the module. The following sections elaborate on the various aspects of -the

design, showing how they are combined to pfovide ‘data which: meet the

objectives of the module.

" SAMPLE OF PROJECTS

In order to ensure that the measures of contribution to technology and defence
could be used in the statistical model, it was necessafy to select a represen~

tative sample of DIPP assisted projects. Our sample stratified projécts by

the amount of the DIPP contribution. First, the largest DIPP projects

representing about 50% of DIPP contributions to date were included on a census
basis to ensure that the assessment covered a'large portion of DIPP funds.

The remaining DIPP projects from 1970 to the present were divided into three

strata according to the size of the DIPP grant. Within each stratum, projects

were sampled randomly. We attempted to achieve a 20% sample from these
strata. Due to subsequent developments, the final sample size for the three
strata fell somewhat below 20%Z. A final breakdown of the sample, by stratum,

is shown in Exhibit 1, opposite.
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SIZE OF STRATA AND SAMPLE

CONFIDENTIAL

_ Number of ‘

Amount of DIPP Total Number  Projects % of Projects

Contribution of Projects in Sample . in the Sample
$1-200,000 | 73 a3 18
.$200,001-750,000 ° 60 12 20
. $750,001-5,000,000 . 56 10 18
Subtotal 189 35 19
Large Projects 12 12 100
Total - 201 47. 23
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THE EXPERTS.

. The usual approach to selecfing panel members is to begin with a small number

of known experts and then to follow up on thelr suggestions for additional

experts. In our case, we began with names and institutions suggested by the
team and by steering committee members, many of whom represented ISB's and so

were knowledgeable about the projects. The main institutions from which

experts were selected were NRC, DND, DOC and ITC. We attempted to exclude’

those persons who might have a vested interest in the projects. For this

reason persons from. industry were excluded.

In general, the procedure for securing experts' participation was as follows:

- We contacted experts’by telephone and briefly explained the purpose of .

the module and the extent of involvement required.

- We asked for an indication of familiarity with DIPP and DIPP projects and

then for an expression of interest or agreemenﬁ to participate.

- We sent a letter including the 1list of projects to be assessed and a

request for names of additional experts.-

- We then made a second phone call, asking experts to indicate which of the
projects on the list they wére familiar with and could assess, and what

additional names they could suggest.

- The second call was in some cases replaced by a written response from

experts indicating the projects with which they were familiar.
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- As we feceived a confirmation of the projects the expeft could aséess,

questionnaires and project descriptions were forwarded to the experts.

~ A system was developed to record the specific projects beilng assessed by
experts to facilitate an orderly and comprehensive coverage of all

projects.

In many cases, of course, some steps were skipped and others added. 1In

particular, the large institutions were handled differently. In the case of

DND and someé branches of the ‘NRC, the directors of ‘the different branches

delegated projects directly to their officers. 1In the case of DND," we had -
little contact with the experts who actually answered the questionnaife;

‘however, the principle of individual and not ‘institutional opinion was

maintained. We received excellent cooperation from both individual experts

and from institutions. A very small number refused . to participate; mpst

refusals were due to lack of familiarity with the projects. Most of those

contacted were very eager to help, often undertaking to assess more projects:

_than we would have presumed to request.:

Exhibit 2, Overleaf; summarizes various éspects pertaining  to the partiéipa—

Vtion of experts on' the panel. Exhibit 3, Overleaf, shows the experts' insti-

“tutional affiliations. . To ensure frank responses, experts were assured of the

confidentiality of thelr responses. Accordingly, we cannot 'report” which

experts evaluated specific projects.

=]
©
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EXHIBIT 2

EXPERTS PARTICIPATION

Number of Experts contacted directly
Number of Experts participating

Number of refusals to participate'

Maximum number of projects rated by omne expert -

Average number of projects per expert
Average. number of ratings per project

- large projects (12)

- 3 strata projects (31)
Number of Questionnaires sent to Experts
Number of Questionnaires returned ‘

Response rate

'CONFIDENTIAL -

35

77

14

2.4

3.4
+215
183

847
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EXHIBIT 3

INSTITUTIONAL AFFILIATION OF EXPERTS

Institutional : - Number . . Number of Number

Affi;iatibn of Experts ‘.Qhestionnaires of Projects
NRG 1 | 25 16
MOSST | 1 1 1
U. of alberta _ -1 C 14 . 14
Private Consultants ‘ 3 . : 18 o 15 |
Science Council o 12 12 |
U. of Manitoba 2 3 - 3 .i
DOT o 2 | 6 . 6 |
DOC - CRC 7 | 16 - 12
IT&C (Technology Bfaﬁch) 8 26 | B 25
U. of Toronto g 1 1 _ 1
- DND A 34 50 o i | 39
USAF LO OTTAWA 2 8 : 8
US Army 3 3 3
TOTAL | 7 183
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THE QUESTIONNAIRE

The -expert opinion questionnaire represénts an attempt to translate ‘the

téchnological and ‘defence objectives of _DIPP into measurable terms, and to

assess the extent to which DIPP gupports risky projects. The central decision

~made in the translation attempt was to emphasize contribution to technological

capability rather than contribution to technology (or "high" technology) .

This decision means that we took the view that DIPP projects should, as they
are developed, increase the company's technological capability. Thié contri- N

bution may be closely related to the degree of techmological inventivenesév

embodied in the project, but it is clearly not the same thing.

The next step was. to define carefully the concept of "technological capabil- -

~1ty" and to identify the separate dimensions making up the concept. To

accomplish this task, we conducted a number of personal interviews with

people from NRC, MOSST, and the Technology Branch at ITC. These interviews

clarified our thinking in general and also led to .a number of specific

questionnaire items.

. The questionnaire went through a number of drafts; at each stage, - team and- -

steering committee members made ,suggest.ions for improvements'and additions.
The final questionnaire had three main pai'ts: Technological Characteristics,
Defeunce  Capability, and Aspects of Risk. TFollowing suggestions' made in the

personal interviews, the part on Technological Characteristics was further

divided into three sections: Technological Characteristics of the Firm, The .

Technology Embodied in the Product, and Contribution of the Project to the

Company's Technological Capability.




- 52 - ' , CONFIDENTIAL

" With few exceptions, the,quéstionnaire is composed of 5-point scales. EFEach

the dimension.: The experts were asked, for each project, to enter an Xjét the
appropriate point in the scale. This kind of scale allows us to average the

individual :rankings to' get an overall score for each project on each

~ dimension. In addition, a number of dimensions. can be added together to

obtain an overall score for the contribution of a given project to the

o company's technological capability.

- To each questionnaire’ we attached a brief description. of the project under

consideration. Tﬁese descriptions were, in most cases, prgpafed by ITC
project officers responsible for the company or the project. Finally, each

expert also received a summary sheet in which he was asked:

= to rate his knowledge'of each of the subjects covered .in the question?

naire, and
© = to rank the projects he assessed relative to one another in terms of

their contribution to technology  and to defence, and the lrisk~.they

involved;

. ANALYSIS

The analysis of the data generated by the'Expert Opinion Panel was used to

address three major issues. These were:

- the historical  issue: - how well have the technological' and defence

objectives of DIPP traditionally been met?

scale 1s a dimension bounded by a word-pair denoting the extreme positions on :
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- the future: what informatlion has the survey provided about technological

aspects of proposed projects which can help predict whether or not they

will yield a high economic return?
- risk: what is the validity of taking into- account the'degree of risk
involved 1n a project as an input into the decision on whether or mot to

support a proposed project?

Below we. outlinme briefly how the data was used to illuminate each of these

lssues.

Thé'Historical Issue

Questionnaire items concerning Technology and Defence were analyzed in order
to see how many, and to what degree, projects contributed to these objec—

tives. For example, we checked how projects were distributed along the

dimension measuring overall contribution to techmological capability. If most -

of the projects ranked high, we felt comfortable concluding that the techno-
logical objective was being met.  From the same tabulatlon we also got the
average rank of all DIPP projects om that scale and saw where this average

fitted on our 5-point scale. A similar set of numbers was generated for the

defence~relatedquestions. Because we had a statistically valid sample, these '

averages applied to the program as a whole, not only to the projects assessed

by the experts.

The Future
By combining informatlon about technological characteristics with information

(from the mini-case studiles) about economilc performance, we found out to what
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. extent these aspects are related. We could then help answer quéstions about

the extent to which projects with certain technological characteristics have a :

high probability of being economic successes.

O0f particular interest in addressing these questions are those aspects of

technological capability which are known or can be learned at the time of the.

decision on whether or not to support the project. Some of these aspects were

coptained'in the questionnaire, including:

.—,IS the.fi;m a.leader-follower ié its technology field?

- Does the produét represent mature—embryoﬁic technology?

- Does.the.project~involve the firg in an area of techﬁology new to it?

If we could establishbthat these items were related to the‘subgequent success
of the project, these types of‘consider#tions could then be used as criteria

for selecting projects.

Risk

The discussion of risk is complicated by two facts:

- there is no'agreement on how risk is to be defined;

- there is repeated confusion of risk as an empirical attribute of projects

and risk as a normative justification of the program (rationale),_ '
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The approach taken in the expert opinion module eliminates (though it does not

resolve) the -first of these problems: the questionnaire measures risks :

without attempting to define it. - It is thé second problem - the confusion of

the empirical and the normative meanings of risk - which must be resolved

before the role of this module with respect.to risk can be described.

‘It should be the case that once the objective(s) of a program are determined, -

"risk is treated essentially as an empirical attribute, not as a normative
rationale. Risk may or may not be a useful variable for identifying projects

which make the best contribution to the objective(s) of a progrém. Moreover,

the presence or abéence of risk may help explain why éertain projects make a

good contribution to the program's objedtive(s) while others do not. Assuming

that the objective of the program is to contribute to economic growth, there

are two prerequisites: it must sponsor incremental projects,; and the projects

must have a positive NPV. To examine the relevance of risk, then, we must’

look at three attributes, as shown in Exhibit 4, opposite;

We can divide DIPP projects (or DIPP dollars) into'eight groups, corfesponding
to possibilities A through H. We can then examine one, Or more, of the

following:

(1)  the proportion of DIPP projects (or DIPP dollars) which have gome to

risky, incremental, positive NPV projects (A);

(i1) the proportion of all risky projects (or dollars) which’are incré—;

mental with positive NPV’compared,with non-risky projects which are

incremental with positive NPV (A/A+BHCHD vs. E/E+FHGHH);
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EXHIBIT 4

THREE ATTRIBUTES OF PROJECTS*

Risky Incremental s .. NpV
(1) YES (3) YES . (5) POSITIVE
(2) NO (4) NO (6) NEGATIVE

Given any project, there are 8 possible classifications which take account of
the three attributes. These are:

AW - @ - ()
B. () . - (3) = (6)
oW - W - ()
b. (1) - (4 - (6)
@ - (3 - ()
Fooo@) - () - (8
G. @ - & - &
B (@ - &) - (8)
S The samc stracters weuld hold for defence or technological capability as

objectives. NPV (Positive, Negative) can be replaced by "Contribution to
Technology" (high, low), etc.
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(441) the proportion of all risky projects (or dollars) which show positive

NPV compared with the proportion of non-risky projects with positive :

NPV (A+C/A+B+CHD vs. E+G/EAHF+GHE);

(iv) the proportion of all risky projects (or dollars) which are incre-
mental compared with the proportion of non-risky projects which are

incremental (A+B/A+B4CHD vs. E+F/E+F4GHH).

As is the case with the contribufion to defence énd>technological capability,
the information we generated about risk was used to address both'the past and
the future. From an hiétorical.perspective we tried to deterﬁiue whether or
not DIPP tended to support risky projécts, and to what degree risky projects
tended to meet the program's objectives better than non-risky projects. TFrom
a future oriented perpective,lwe 1solated risk-related factors which aré bpth
known at the decision making time and are relevant to subsequent success.
These factors could subsequently be dincorporated into’ the DIPP selection

criterdia.

11 - EXPERT OPINION SURVEY FINDINGS

In general, two types of findings from the expert opinion questionnéire are
reported below. - First, we report the frequency distfibutions of. all the
questionnaire ditems. .This section contains infofmation on all 47 frojects
which were covered by the experts. In the next section we report cross-
tabulations showing relationships between.aspects of technology, risk, and
defence, and the relationships between these and measures of economic
succeﬁs. In the latter case, since the economic variables come. from the case

studies, sample size 1s reduced to 28.
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DISTRIBUTIONS, MEANS, AND.VARIANCESkFOR QUESTIONNAIRE ITEMS

The following pages present the results obtained ffom ﬁhe expért opinion
questionnaire. For each scale we.present a frequency dist#ibutién; the mean,
and the variance. ' The mean provides é méasuré of'howxprojects were rated on
the average. The variance indicates how far from the meaﬁ projects tend to
be. The larger ﬁhe variance, theﬁ, the more disparate,the distributionf The
questionnaire itgms preseﬁted to the experts arelreproduced above each scale

to make clear exactly what the expért was responding to.

The distributions are presented in the same format as that of the quéstibn—.
naire scales.. The experts were asked'to enter a single X per scale for each
project they evaluated. To produce the tabulations reported below, the scores

given to each project'on each scale were averaged and rounded to the nearest

-whole number. Averages were calculated by assigning a value of low=l,

mediuwm-low=2, medium=3, medium-high=4, high=5. For each scale, then, we
counted the number of projects whose score fell into a giveﬁ box;'this number
of projects is _reéorded in the boxes below. Note that the means. were

calculated before the rounding.

Example:
3 7 20 10 7
S Low MED - HIGH
In this exahple, 3 projects ﬁad a rounded average score of low. Seven’

projects had a rounded average score of medium, etc.



- 59 - ' CONFIDENTIAL

Technological Capability

In terms of technological sophistication, is this firm an international leader .

or a follower in its field?

FOLLOWER , o LEADER

MEAN 3.90
VARIANCE 0.86

. The majority of firms receiving DIPP R&D are seen as dinternational leaders in

their field in terms of their technological sophistication.

To. what extent did this project involve the corporation in an area of techno-

' logy which was new to it?

LOW MED : HIGH

MEAN ' 3.57 -
VARIANCE 1.37

The majority of DIPP projects involved the firm in 2 technology which was

fairly new to it.

Within its overall field, did this product represent "mature” or "embryonic"

technology?

2 6 21 14 4

EMBRYONIC MED ©  MATURE

MEAN 3.09
VARIANCE 0.66

Most of the projects are obviously judged as halfway between embryonic and

mature technology.

There is a tendency of DIPP to support more mature technologies: 18 pfojects

are on the mature side; 8 on the embryonic side.
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Please indicate which of the~following_beét describes this project:

_fl; :significant breakthrough in state of'the’ett_

jfi. SignifiCant advance ‘in state of the art

jfi_ ' o Imeginative application.of‘exieting technology

—fi— i _Rontine application of enisting technology
MEAN . 2.67

VARIANCE '_o.1o A

No project was judged as. repreéenting a significantibreakthrough in the state
of the art. This in fact made the question into a 3- point scale in which most

of the projects are in the middle, i.e., representing an imaginative applica-
tion of existing technology. Ten projects (over 20%) were seen as represent-

ing .a significant advance in the state of the art.

The questions asking whether or not there was/is a Cenadian'technological base
on which the project could build received a yes for 46 projects and no for

~none. This suggests that the experts felt that DIPP projects fitted at least

reasonably well into Canada's industrial ‘structure and that no "out of the

way" projects were supported.

To what degree will/did this project facilitate the development of other
products or processes either within or outside this firm?

. LOW MED o HIGH:

MEAN 3.42
VARIANCE 1.19

. The magority of products were judged to have a medium to high potential for
facilitating Spinnoffs either within or outside the firm. ' '
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Please rate the project on its overall contribution to. the development of

technological capability in the company.

LoW MED . HIGH

MEAN - 3.7
VARIANCE  1.05

No project was rated at the lowest point on the scale and 12 were given the

highest possible rating. 33 projects, or 67% were rated medium high or high.

The following are dimensions of overall technological capability.‘ Please rate

the project on its contribution to each of these dimensions.

-~ To what degree did the project contribute to the company's ability to

adapt to future developments in the field?

LOW MED HIGH

MEAN 3.97
VARIANCE 1.13

~ To what degree did this project contribute to the development of company
R&D staff and facilities (including test grounds)?

LOW - MED HIGH

MEAN 3.43
VARIANCE 1.00
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- To what degree did this project contribute to the development of the
company as a viable continuing supplier of technologically sophisticated .

producté?

LOW - MED : HIGH

MEAN 3.83
VARIANCE  2.24

- To what degree was this project instrumental to maintaining this

company's capability dufing»a difficult period?

30 7 14 16 6

LOW | ~ MED © HIen

MEAN 3.23
VARIANCE 2.40

"

— To what degree did the project contribute to the development‘of 'state of

- the art"” awareness in the company?

LOW . - MED ~ HIGH

MEAN 3.63
VARIANCE  0.76

DIPP projeé¢ts were jﬁdged, in general, to haﬁg made a'signifiéant contribution
to all five of these dimensions of technological capability. There is a
tendency to réte the potential for future contribution (adaptation to future .
development, viable continuing supplier) more highly than actual contribution
(instrdmental-in difficult periéds,.R&ﬁ staff.and facilities).
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For its cost, did this project yield a high‘value to defence capability:

- in the form of a product?

5 10 11 15 5
LOW MED HIGH
MEAN 2.99
VARIANCE 1.74

- in the form of knowledge capable of future exploitation?

0 9 11 16 | 10
LOW MED HIGH
MEAN 3.52
VARTANCE  0.95

With respect to defence capability, the. experts think that more projects have

a future potential rather than present value. This is similar to the tendency

found in the case of technological capability.

What 1s the value of maintaining this firm's R&D capability:

~ to Canadian defence

|

1 4 6 17 19
LOW MED HIGH
MEAN 3.90
VARIANCE  1.38




- 64 -

CONFIDENTIAL

- in the form of knowledge capable of future exploitation? R

.0 9 11 16 10
LOW MED . HIGH
MEAN 3.52
VARTANCE 0.95

With respect to defence capabilit?, the experts think that more projects have

a future potential rather than present value.

found in the case of technological capébility.

This is similar to the tendency

What is the value of maintaining this firm's R&D caﬁability:‘

- to Canadian defence

1 4 6 17 19
LOW MED HIGH
- MEAN , 3.90‘ |
VARIANCE = 1.38
- to NATO defence
4 1 9 17 16
LOW , MED | HIGH
MEAN .3.80-
VARTANCE 1.58

The experts judged the defence value of maintaining the R&D capability of DIPP
In the case of both Canadian and NATO

supported firms to be very high.

defence, more than 70% of the projects have gone'fo firms whose R&D capability
is. judged to be of at least medium-high significance. What is surprising is

the fact that there is so little difference between the value ascribed to

Canadian and to NATO defence.

We would have expécted that the R&D capabil-

ities of Canadian firms wuld have been assessed as less important ' to. NATO

than>they are to Canada's defence.
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Risk
If you had been judging the pfoject at the time it was started, how would you
have judged the probability that the project was goihg to be: .

- Technologically successful?

0 1 9 25 12
VERY . : 3 VERY
IMPROBABLE ' PROBABLE
MEAN 3.90

VARIANCE 0.63

-~ Commercially profitable?

0 3 22 17 4
VERY ‘ VERY
~ IMPROBABLE , PROBABLE

It appears that DIPP supported projects do not tend to be very riéky,”either
technologically or commercially. The technological risk is seen as lower than
the commercial risk, as could be anticipated, given the type of technoldgy the

program Supports.

But even the probability of commercial profits 1s judged by the experts as
very high. ’ '
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interpreted as the extent. to which each factor helped reduce risk.

Please rate thé_impact of each of the following factors on the technological
risk associated with this project at its inception: '

" = Calibre of scientific and technical staff

| . .
0 5 11 22 9
NO IMPACT ; ‘ VERY
: " SIGNIFICANT
| IMPACT
MEAN'.  3.70

' VARIANCE  0.87

_~ Number of R&D staff

0 10 22 . 14 1
NO IMPACT ’ ’ "~ VERY .
S : SIGNIFICANT
IMPACT
MEAN 3.03 -

VARIANGE  0.41

- Adequacy.of R&D facilities

o |7 ) 16 20 4
NO IMPACT ~© VERY
' SIGNIFICANT
IMPACT
MEAN 3.36

VARIANCE  0.49

Since projects were seen as not risky'(3 or higher), the following can be>
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- Lack of basic knowledge (i.e., pushing state of the art)

3 7 29 6 2
NO IMPACT . - VERY
SIGNIFICANT
IMPACT
MEAN 2.89

VARIANCE 1.04

-~ Inability to obtain the necessary information abdu; the technology

7 14 23 2 1
NO IMPACT A : VERY
: SIGNIFICANT
IMPACT
MEAN 2,47

© VARIANCE 1.18

The most impbrtan; factor for limiting technological risk appears to be quali-
ty of scientific and téchnical staff. This is followed quite closely by the
adequacy of R&D facilities. The number of R&D staff is not as important as
their quality. It appears that the accessibility of 'knowledge is not a
crucial factor in determining technological'risk. This findiﬁg fits weil_with
the finding that DIPP tends to support reasoqably mature technology for which,

presumably, ‘basic knowledge is on hand or can be readily acquired.

As in the case of techmological risk, nearly all the projects were seen as not
risky in the economic sense. Therefore, we again interpret the following data
as indicating the extent to which certain factors contributed to reduction of

economic risk.

Please rate the impact of each of the following factors on the economic risk

associated with this project at its incéption.

- Adequacy of finmancial resources

3 6 22 11 .| s '1

NO IMPACT ‘ VERY
' SIGNIFICANT
IMPACT
MEAN '3.13

VARTANCE 1.66°
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- The firm's ability to translate the R&D into a product

9 24 12 2
NO IMPACT : _ VERY
: ' SIGNIFICANT
IMPACT
MEAN 3.12

VARIANCE = 2.44 -

- Adequacy of marketing capability

1 10 19 16 1
NO IMPACT : " VERY
' SIGNIFICANT
IMPACT
MEAN 3.02

VARIANCE ~ 0.90

= Availability of markets to a Canadian company-

6 3 12 23 3
NO IMPACT E VERY
SIGNIFICANT
IMPACT
MEAN 3.41

VARIANCE  1.89

- Technologicalvrisk

6 26 14 1
NO IMPACT | VERY y
| | SIGNIFICANT
IMPACT
MEAN 3.90

VARIANCE 0.86

Four of the five factors listed above appear to be of mnearly equal importance

in influencing the economic risk associated with.projects. As expected, the

‘one factor which tends to be more important ié;the availability of markets to

a Canadian company.
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RELATIONSHIPS AMONG SELECTED MEASURES OF TECHNOLOGY, DEFENCE, AND RISK

In this section we provide information on various topics covefed by the expert
opinion questioﬁnaife. " We concentrate, in particular, on two measures of
technology included in the questionnaire: the degree of matufity of the
technology, and the contribution of the project to the company's tecﬁnological
capability. These items wefe chosen because the first appears to be the most
"usable” in terms of future seiection'criteria,'apd the latter,ié our main

measure of the contribution of DIPP to its technological objective.

Exhibit 5, opposite, shows the relationship between the degree of maturity of

the technology and the contribution of the project to Canada's defence
|

. _
capability. The questionnaire considered separately the contribution of the

actual product and the potential contribution in the form of exploitable’

knowledge. The tables seem to indicate clearly that mature technology makes a
significantly smaller contribution to defence than the other two levels and

that medium and embryonic technologies make approximately equal contributions.

Table 1 in Exhibit 6, overleaf, shows the relation between the maturity of the
technélogy and the  likelihood of further’spin—dffs. Embryonic and medi@m
technologies are almost twice as likely to. lead to future spin offs as mature
technologies.  In this respect, mature technology,lwhich has been shown to be
more likely to generate a positive eéonomic return, may be less beneficial

economically than the more embryonic technologies.
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TABLE 1 - VALUE OF PRODUCT TO DEFENCE CAPABILITY

Low
Mature 13 (72%)
Maturity of - Medium 9 (45%)
Technology _ .
Embryonic 4 (50%)
TOTAL 26

"High
5 (28%)
11 (55%)
4 (50%)

20

Total

18 (1002)
20 (100%)
8 (1002)

46

TABLE 2 - VALUE OF fROJECT TO DEFENCE IN TERMS OF FUTURE KNOWLEDGE |

Low
Mature 11 (61%)
Maturity of Medium 6 (30%5
Technology - . ' ~
Embryonic’ 3 (38%)
TOTAL 20

High

7 (39%)

14 (70%)

5 (62%)
26

_Total
18 (100%)
20, (100%)

8 (100%)

46
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TABLE 1 - THE CONTRIBUTION OF THE PROJECT TO DEVELOPMENT OF FUTURE

PRODUCTS OR PROCESSES WITHIN OR OUTSIDE THE FIRM (SPIN-OFFS)

Low High Total
Mature 12 (67%) 6 (33%) 18 (100%)
Maturity of Medium 8 (38%) 13 (627) 21 (100%)
Technology , ' , ‘
g Embryonic 3 (38%) 5 (622) 8 (100%)
TOTAL 23 24 .47
TABLE 2 -~ DEGREE OF COMMERCIAL RISK
Low  High. Total
Mature 8 (44%) 10 (56%) 18 (100%)
Maturity of Medium 10 (50%) 10 (50%) 20 (100%)
Technology
' Embryonic 3 (37%) 5 (63%) 8 (100%)
TOTAL 21 25 46 |
TABLE 3 - DEGREE OF TECHNOLOGICAL RISK
Low Medium High , Total
Mature 7 (392) 1l (61%) 0 (0Z) -~ 18 (100%)
Maturity of Medium 4 (19%) 11 (52%) 6 (29%) 21 (100%)
Technology '
Embryonic 1 (13%) 3 (37%) 4 (50%) 8 (100%)
TOTAL 12 25 - 10 Y
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Tables 2 ana 3 in Exhibit 6 concéfning the maturity of technology7show its
relationship to commercial>and technological risk, respectively. The degfee
of‘commércial risk‘varied véry little among the different levels of techno-
logy. This estimate contradicts the finding that mépure technology 1s much
more likely to become a commercial success than.embryonic technology. In
" terms of technological risk, on the other hand, the results are more in
keeping with common sense: the more mature the téchnology, the lower the

technological risk. One possible way of reconciling these findings is to

. assume that the experts were evaluating the commercial risk of a project given

that it is a technoldgical success.

Table 1 in Exhibif- 7, overleaf, shows the relation between the "twon main
variables of intérest: maturity of technologf and contribﬁtion to capabil-
ity. The results show that mature technology makes the least contribution to
capability. At thé same tiﬁe, médium technology makes a greater contribution
.to caﬁability than embryonic technology. The reason for that may be thét
contribution to techﬁological céﬁability is felated to eéonomic sucbesé, which
is higher for the medium technology. |

-Tables 2 and 3 in Exhibit 7 show thaf the contfibution of projects to techno-
logical capability is .closely relatéd .to their confribufi&n to 'defence

capability both in the form of a product and in the form of future knowledge.

The next few tables show thé felationship of some of the.factors which tend to
increase or"redpde the.contribution of projects to technological capability.
Table i in ExhibitVB, overieaf, shows proﬁecté-which areAnew to thekcompahy
_are more likely to:make_a high contribution ﬁd technologicai capability than.

pfojects which are not new. While 81% of "new" products made a high

contribution, only 57%Z of "not new" products_did sO.
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TABLE 1 - CONTRIBUTION TO TECHNOLOGICAL CAPABILITY

Mature

Medium

Embryonic

TOTAL

Low
10 (567%)

2 (10%)

2 (25%)

14

High
8 (44%)

19 (90%)

6 (75%)

33

Total
18 (100%) -

21 (100%)

8 (100%)

47

TABLE 2 - PRODUCT CONTRIBUTION TO DEFENCE

Low

High

TOTAL

Low ~

11 (79%)

15 (47%)

26

High

3 (212)
17 (53%)

20

: ‘Total

14 (100%)
32 (100%)

46

TABLE 3 - CONTRIBUTION OF PROJECT TO DEFENCE IN THE FORM OF FUTURE KNOWLEDGE

Contribution
to Technolo-
gical

Capability

Low

High

TOTAL

Low

12 (86%)

- 8 (25%)

20

High

2 (14%)

24 (75%).

26

Total

14 (IOOZ)

32 (100%)

46
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EXHIBIT 8

' TABLE 1 - PRODUCT "NEWNESS™ TO THE CORPORATION

to Technolo— -

to Technolo~ .

not new new
(wa) - (High) - Total
Low - 9 (43%) 5 (19%) 14
High 12 (57%) 21 (81%) 33
TOTAL 21 (100%) 26 (100%) 47

TABLE 2 ~ DEGREE OF COMMERCIAL RISK

Low High .  Total

Low 5 (242) 9 (36x) 14
High 16 (767) 16 (647) . 32

TOTAL 21 (100%) 25 (100%) 46

TABLE 3 - DEGREE OF TECHNOLOGICAL RISK

Low Medium - High Total
Low . 4 (33%) 7 (28%) 3 (30%) 14
High 8 (67%) 18 (72%) 7 702y 33
TOTAL . 12 (100%) 25 (100%) 10 (l00%). 47
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It appears surprising that, as tables 2 and 3 in Exhibit 8 show, the degree of
risk is little related to contribution to technological capability. This,

however, may be due to the fact that capability is positively related both to

technological newness and to economic success, .and that these two are

differently associated with risk.

Finally, we present six tables in Exhibits 9 and 10, opposite and overleaf,

which show how different. asbects (or - sub—dimensioné) of technological
capability are related to overall technological capability. Whiie. all of
these dimensions are related to overall contribution, therg areldifferences in
the strength of the relation. These differences may throw some light on the

criteria which help choose projects which contribute to DIPP's technological

objective. For example, projects which contribute to the development of the

firm's R&D facilities and staff (Table 3 in Exhibit 9) clearly increase the
technological capability more than projects which are dinstrumental in

maintaining the company in difficult times (Table 2 in Exhibit 10).

RELATIONS AMONG THE THREE OBJECTIVES

In this section we report some findings concerning the relationships between

some of the aspects assessed by the experts and two measures derived from the

case studies: Net Present Value (NPV), and incrementality. We begin with a
few comments about incrementality and then present tables about the relations
among the three DIPP objectives. Where relevant, these relations are also

discussed for only those projects which were incremental.
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EXHIBIT 9

TABLE 1 - CONTRIBUTION OF PROJECT TO DEVELOPMENT OF OTHER

PRODUCTS OR PROCESSES WITHIN OR OUTSIDE FIRM (SPIN-OFFS)

Low High’ Total
- Contribution Low 13 (93%2) 1 (7%) 14 (100%)
to Technolo- .
gical High 10 (30%) 23 (70%2) 33 (1002)
Capability
TOTAL 23 24 47
TABLE 2 - CONTRIBUTION OF PRODUCT TO "STATE—OF-THE~ART"
AWARENESS IN THE COMPANY
Low High - Total
Contribution Low - 13 (93%) 1 (7%) 14 (100%)
to Technolo- : e S
gical , High 6 (18%) 27 (82%) 33 (100%)
Capability
TOTAL 19 28 47
TABLE 3 - CONTRIBUTION TO DEVELOPMENT OF FIRM'S R&D STAFF AND FACILITIES
Low High Total
Contribution Low 13 (932) 1 (72) 14 (100%)"
to Technolo-
gical. High 4 (12%) 29 (88%) 33 (100%)
“Capability
TOTAL 17 30 . 47
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EXHIBIT 10

TABLE 1 ~ CONTRIBUTION TO FIRM'S ADAPTABILITY TO FUTURE DEVELGPMENTS

Low . High Total
Contribution Low 7 (50%) 7 (50%) 14 (100%2)
to Technolo~ S )
gical High 0 (0%) 33 (100%) 33 (100%)
Capability
TOTAL = . 7 40 | 47

TABLE 2 ~ INSTRUMENTALITY OF PROJECT TO MAINTAINIKG THE COMPANY
DUBRING A DIFFICOLT PERIOD

Low . High - Total
Contribution Low 9 (64%) 5 (36%) 14 (100%)
to Technolo- o ' o
gical High 15 (47%) .17 (53%) 32 (100%)
Capability : '
TOTAL 24 22 46

TABLE 3 ~ CONTRIBUTION TO DEVELOPMENT OF COMPANY AS A VIABLE "CONTINUING"
SUPPLIER OF TECHNOLOGICALLY SOPHISTICATED PRODUCTS

Low ' High Total
Contribution Low 7 (50Z) 7 (50%) 14 (100%)
to Technolo~
gical High . -4 (12%) 29 (88%) 33 (100%)
Capability '
TOTAL _ 11 36 . 47



Comments on Incrementality

‘tality. For example:

.= All projects making a "significant advance in the state of ‘the art" were
incremental, compared with only 50% of those described as rputine appli-

cations.

- All "embryonic” projects and 90% of "medium” projects were incremertal,

compared with 60% of maturé technology projects.

- 93% of projects which were new to the company were incremental, compared

with 63% of projects which were not new.

Incremental projects tend to be more likely to contribute to DIPP's defence

and technological objectives. For example:

. = Among incremental projects, 67% were judged to have made a high'cohtri-
bution to technological capability, compared with 40% of the non-incre-

mental projects. -
non—increméntal, and 487 of inqrehental projects.
~ In the form of knowledge éapable of future exploitatioh, high con;ribu—

tion to defence was made by 20% of non—-incremental and 50% of incremental

projects.
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The technological level of the project is a very good indicator of incremen- °

. = High contribution to defence in the form of a product was made by 20% of -




- 79 - | CONFIDENTIAL

Risk was also closely related to incrementality. Both technological risk and

commercial risk were assessed as higher for incremental projects than for -

non—incremental projects,' For example:

= Of incremental projects, only 19% were associated with low techndlogidal

risk, compared with 80% of the non-incremental projects.

- A1l the non-incremental projects,. but only' 25% of the incremental

projects, were judged to have had a low commercial risk.

Technology, Defence, and Economic Return

The questionnaire included a number of .items which measured the technological

"status” of the firm or the project. The relationship of these items to net

present value is shown in Exhibit 11 (A to D), opposite. In all four compari~

sons shown in the exhibit, the lower level of. technology has fared better than
the higher level. Firms which are followers in their field get a better NPV

than leaders.

Projects which are not new to the company are better than new projects;

embryonic technology achieves significantly lower NPV than medium or mature

technology; and projects representing routine .applications of technology"

achieve a better NPV than those making a significant advance in the state of

the art.

It is important to note that these relationships are greatly weakened, or even

reversed, when only incremental projects are considered. When non-incremental




L

13

- 80 - . CONFIDENTTIAL
- EXHIBIT 11 .
TECHNOLOGICAL CHARACTERISTICS
Net Present Value
A Negative - Positive Total
Company' s _ follower 3 (43%) 4 (57%) 7. (100%)
Technological  leader 10 (53%) 9 (47%) 19 (1007%)
Status '~ TOTAL 13 13 26
B
Project not new 5 (427%) - 7 (58%) - 12 (100%)
"newness" new 8 (57%) 6 (43%) 14 (100%)
to firm TOTAL 13 13 i 26
E ’ 5,
f-) ' .
mature 4 (447) 5 (56%) 9 (100%)
Maturity ‘medium 4 (367%) 7 (64%) 11 (100%)
of technology embryonic ‘5 (83%) 1 (16%) 6 (100%)
TOTAL 13 13 26
D
routine , : g : o
application 2 (33%) 4 (67%) 6 (1007%)
. : 'imaginative ) :
Technological application 8 (53%) 7 (47%) 15 (100%)
Application , : -
significant '
advance 3 (60%) 2 (40%) 5 (100%)
TOTAL 13 26
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projects are excluded, technological leaders.do better than followers (447

vs. 257% have a positive NPV). Projects representing routine applications do
less well than those representing advanced or imaginative applications (332'

vs. 417% positive NPV). The 157 difference between projects which are or are

not new to the firm 1is reduced to only 4% difference ambng incremental
projects. And while the ﬁercentage of embryonic projects with a positive NPV
remains at 16%, the percentage of mature projects which are positive falls
from 56% to 207, reducing the original 40 percentage point difference between
these extremes to only 4 ("Medium" technology remains high on positive NPV;

64% of projects, 67% of incremental projects).

It appears, from.this evidence, that the negative relationship between_iévelr

of technology énd economic return 1s not so much an inherent feature of
adv;ncéd technology but a function of the fact that non-incremental projects
almost alwayé boost the low—technology - positive NPV cell. Once this "blas"
is removed, itiappears that the level of technology is not a good predictor of
ecoﬁomic success. Perhaps the only guidance is pfovided by the fact that
“medium” technologies are significantly better' economiéally. than both

embryonic and mature technologies.

This finding, from this module, must be balanced against the regression analy-.

sis in which the technology factor was a significant positive variable with
NPV for incremental projects, the difference being, of course, as between a

"Go/No Go" measure (Positive/Negative NPV) and a continuous measure (NPV).

Nevertheless, it would be fair to speculate that the Technology factor is not
a linear variable but one in.which a gbod deal of the advantage is attained at

the medium maturity level.
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 Exhibit 12, Part A, overleef, sho&s that pfojects'with a positive NPV make a

higher contribution to. the company's'technological capability than projects

with a qegative NPV. . The second ﬁart of - the Exhibit (B) shows that the

relation becomes stronger when only incremental projects are considered.

In Exhibit 13, overleaf, we show the relation between contribution to defence

. and economic return. The data indicate that ﬁrojects which make a high

contribution to defence are more likely to have a positive NPV than projects

" which make a low contribution. This relation_remains-basiCally uncﬁanged when

incremental projécts are considered separately.-

Overall, as Exhibit 14, overleaf, shows, risk and NPV are negatively

. correlated. Contrary to the ratiqnale of supporting risk to encourage high

economic return, the data show that " low risk projects, in te:ms of both
technological and commercial risk, do better economically than high risk
projects. It should be noted, however, that this negative relationship is

weakened significantly when only incremental projectsv are  considered.

 Exhibit 14 shows a 35 percentage point difference, with respect to positive

NPV, between - low and high"teehnological risk projects. Among incremental

projects, the analogous difference is only 10 percentage points. With respect

to commercial risk, the 21 percentage point difference reported in Exhibit 14

‘falls to only 3 percentage points among incremental projects. The reason for

this . large difference is to be found in the fact that the non-incremental
projects were almost exclusively from the low risk-positive NPV cell. It
follows, theh, that while degree of risk is related to incrementality;_it is

not in itself significantly'related to NPV.
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EXHIBIT 12

CONTRIBUTION TO TECHNOLOGICAL CAPABILITY

Net Present Value
(All projects)

. ~ i l .

A ' Negative - Positive Total .

Contribution to Low -6 (467%) 4 (31%) 10

Technological High ' 7 (54%) 9 (69%) .16 .
Capability TOTAL 13 (100%) 13 (100%) 26

(Incremental projects.only)

B _ - Negative . Positive Total
Contribution to : Low 6 (50%) -1 (13%) 7
Technological High 6 (50%) ‘ 7 (87%) - 13

Capability TOTAL 12 (100%) 8 (100%) 20

‘- o em
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IBIT 13

ION TO DEFENCE

‘esent Vélue

gative Positive Total
3 ( 67%) - 7 ( 31%) 15

4 ( 33%) 6 ( 69%) 10 .

2 (100%) 13 (100%) 25 .
legative Positiye Total
8 ( 67%) 7 ( 132) 15

4 ( 33%) 6 ( 87%) 10
L2 (100%) 13 (100%) 25
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EXHIBIT 14

CONTRIBUTION TO DEFENCE

Net Present Value

Negative ' Positive - Total

A
| Low 2 (25%) 6 (75%) 8 (100%)
Technological Medium -8 (62%) 5 (38%) 13 (100%)
Risk High 3 (60%) 2 (40%) 5 (100%)
TOTAL 13 13 26
B Negative - Positive © Total
Commercial Low 4 (36%) 7 (64%) 11 (100%)
Risk High 8 (57%) - 6 (43%) 14 (100%)
TOTAL 12 13 25

- -\ -
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I — USER SURVEY

One of the methodologies selected for the evaluation of DIPP was a survey of

©all companies not covered in the major- and mini- case studies. The objective

was to attain a larger,'but less detailed, amount of information on a larger
number of companies than were covered in either thé-major— or mini- case

studies. These data would provide input to the statistical analysis.

The computer file Report GC-154, Schedule 3, pféparéd by ‘the Financial

‘Sé:vices Branch provided a preliminary list of companies and projects that had

received DIPP assistance since 1970. That report, however, required addi-

tional information in several areas:
. many DIPP funded projects (about 20%) were missing;
. contract values and year were not always accurate;

« company names and addresses were often outdated.

‘These problems meant that an examination of DIPP Office, Industry. Sectof

Branches,; and Financiai“SefviCes>Branch files had to be undertaken in order to

correct mistakes and fill in the gaps in the computer file4 In the end, a

complete list of DIPP funded companies, projects, and contract values was

produced.
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The unit of analysis for the survey and subsequent statistical analysls was a

project defined elther as the development by a company of a specific product, -

or, 1if the company recelved Capital Assistance, the production of a new

product or machine. Because some DIPP projects, as jJust défined, have

received DIPP funding on several. occaslons (research and 4development over.

several years), 1t was sometimés necessary, in identifying the population of

products, to "link" together two or more of the ltems shown as "projects” in

the ITC records. This linkage process was necessary because 1in the DIP -

Program,. a new contract and project flle 1s created each time a company
received assistance, even 1f the assistance 1s for the further support of an

existing project.
A fiﬁal list of 117 companiles and 215 projects was produced.

SAMPLING PROCEDURE

The sampling procedure involved selecting one project from each of the

population of 117 companies. If a company had undertaken an R&D project, that

project was selected to ensure that adequate weight was glven to this type of

asslstance. If the company had two or more R&D projects, one was randomly

selected. If a company had undertaken only Capltal Assistance or Source '

Establishment projects, one of the Capltal Assistance was randomly selected.
Finally, 1f =a cdmpany had received only Source Establishment assistance, one
of these projects was randomly selected. .The sample in total, therefore, was
made up of 117 projects; (The questionnaire, i1t should be noted, covered both
Corporate and Survey informatlon so that, from the Corporate aspect, almost

the total population of DIPP firms was contacted in one form or another).

&y m» a
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In order for questionnaires to be mailed, the address and president's name for
each cqmpany7 was obtaineq either from thé Canadian Trade Index or by

telephoning companies.

USER SURVEY QUESTIONNAIRE

-:

All 117 companies were sent questionnaires asking for detailéd company and

project information. The major topics covered in the questionnaire'weré;

- selected company characteristics (sales, profits, R&D expenditures,

ngﬁbe# of eﬁployees)§
- companf involVement'with-the Canadian Fo?ces;
- c0mpagy partiéipation in offéet programs;
- the effect pfAﬁIP?>on~thg company;

.= project characteristics (type of technology, sales, incrementaiity, risk,

reasons for shortfall in sales);
- company's opinion of DIPP.
The questibnnaires were accompanied by a co#ering letter from the Deputy

Minister of ITC as-well as a. letter from the DIPP ,Evaluation‘~TgSk Force .

aséuring the companies of complete confidentiality..
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To 1ncrease the response rate, each company which had not replied after

7 weeks was contacted by telephone.

USER SUDRVEY CHARACTERISTICS

Approximately 55 (50%Z of the companies) returned completed questlonnaires.
The projects undertaken'by these companies had recelved $20 million in DIPP of
funding (2.1% of total DIPP funding bet&een 1969 and 1979). The size distri-

bution of these companies 1s shown in the following table:

NUMBER OF EMPLOYEES PERCENT OF TOTAL
0 - 100 : 25.7
100 -~ 200 _ 28.5
200 - 500 ‘ - _ 25.7
500 + - ' ©20.0
‘ S 100.0"

Most companies were small (less than 200 employees), reflecting the fact that
most (90%Z) were machine shops and had received Capital Assistance to produce

specialized products.

Finally, most of the companies’ (88%) were Canadlan—owned as opposed to

foreign-owned.

INTERPRETATION OF DATA

Since the user survey was designed to provide i1nput to the statistical models
and analyses, the results of the survey as a separate entity are not reported
in this study. Annex V gives a detailed account of the statistical anadlyses

performed on these data.

ay A

- s




- WE NS N B N W

ANNEX V TO THE DIPP EVALUATION STUDY.

REGRESSION ANALYSIS

CONFIDENTIAL



II

ITI

v

VI

-i - - CONFIDENTTAL

ANNEX V TO THE DIPP EVALUATION STUDY:

REGRESSION ANALYSIS

TABLE OF CONTENTS

INTRODUCTION '+ v s vavseseessssessnsesanesesessensossessssnnnonen
Methodology ;.....;......;.;.;.............;.....Q...}.;........L
REGRESSION ANALYSIS OF USER SURVEY DATA coevverrnsssnnccsecnsnnas
Incrementality ...;u.....................;.w....;................

TOtal Sales R AR A AR R AL RN R

Risk ‘ano’.lt.lltl'.v.l.iilt-lol.ll!u..l'.ot.tu-ll.lo;llcnlollv)

Incremental Sales #0068 080689002 s It E AL ETEtTOOOIRBEBRSESEEES
Summary of the Survey Regressions «sesvsscceeccsncnccecsrnsoaionas

REGRESSION ANALYSIS OF USER SURVEY AND CASE STUDIES DATA .eovvves

Incrementality 0000..-r.ooo'cqooncaon';gon.;o--o-aoououlvtncoaloc
TOtal Sales 0000048008800 0008000000000030008800000000000 000020000200

Risk --tn-.oo-o-n-tt.'onno-o-co'ao'aou-'nc.o.-.ocooo\--"oo"o"o-o

InCremental Sales'-..o.-.-.-----..--......................-'.1..-.

Summary of the Survey RegresSSiONS eescscseesessosocesosasssncadose
REGRESSION ANALYSIS OF CASE STUDIES DATA «oevevueeeascncossosniess

Net Present Value veseeeeseesecssssscasassssesnasossasnssnossoans
Incrementality ceeerteeeoesocesscassocasesrsacassonnsassossnssscss
Use Of RESULLS seesvevissosscsacsctonsnnssosassnossssrscssasasansasn
Example of Assigning Priority Ce et eteesseettatatttntesetresneana

ROI AND THE ORIENTATION OF THE FIRM seeevossnesseserecsassnnoanns

SUMMARY nocnoononoono-cftoou--oo.onoot-cﬁgnnoo.o-atOC'onoootancta

PAGE

90

92

97

97

99
101
103

105.

106

106
108
" 108
108
110

110

114 .

115
121
122
123

125



- ii - CONFIDENTIAL

TABLE OF CONTENTS (cont'd.)

PAGE
EXHiBITs
1. SURVEY AND SURVEY PLUS CASE STUDY REGRESSION VARIABLES «viooesns 94
2. CASE STUDY REGRESSION VARIABLES seveveeeenounceonsocancasasnons 95
3. REGRESSION ON INCREMENTALITY (PWODIP) +eeveavssosercsnsancsansas 98
4, USER SURVEY REGRESSION ON TOTAL PROJECT SALES sevevsveseecsesass 100
5.  USER SURVEY REGRESSION ON RISK R 1/
6. USER SURVEY REGRESSION ON INCREMENTAL SALES +evevvevnsennsenoens 104

7. USER SURVEY PLUS CASE STUDIES REGRESSION ON INCREMENTALITY
(PWODIP) .'IQ.'.l...l..'0.‘.;.."l..'QO'QIC..‘UQOOOOCOIIOOO.‘Q..’l 107

8. | USER SURVEY PLUS CASE STUDIES REGRESSION ON TOTAL PROJECT
SALES l'"...'lI‘.Q'....l!.'..OYOI.'..OOI....CCC‘“..ll.‘.“‘llll 107

9.  USER SURVEY PLUS CASE STUDIES REGRESSION ON RISK «eevvnnenrennen 109
10. - USER SURVEY PLUS CASE STUDIES REGRESSION ON INCREMENTAL SALES .. 109
L1, ANALYSTS OF NPV «euverereononenennenenennenensnnenanessesonenens 1
12. - ANALYSIS OF NPV (HIGH) «eeeeeeeennneeserennenesesssnnnnaseeennn 112
13.  ANALYSIS OF PROJECT INCREMENTALITY oo eeveresvenneseansoneeeeee 116

14.  ANALYSIS OF INCREMENTALITY (HIGH) «vveeeeevnnersonnnseessaneness 117

15. ANALYSIS OF PROJECT INCREMENTALITY B 119

16. ANALYSIS OF THE NPV FOR INCREMENTAL PROJECTS (HIGH) «ovevcornsns 120

17. ROI AND COMPANY STRENGTH IN R&D AND MARKETING eeeseonssccssnosnns 124




S wm BN wR W m

-90 - CONFIDERTIAL .

I - INTRODUCTION

The DIPP Evaluation Study, as is evident from preceding sections of this

report, amassed a formidable data base on company and project characteristics

-related to the DIP Program. This data base was compoéed of elements from the

sample user survey, the expert opinion questionnaires, and the major and mini
case studies, with extensive interview data being recorded in the case

studies.

One of the principal. problems in analyzing a data base of this maghitudg is to
decide wﬁat kinds of information apd statistics to examine and how. to
summarize the data in the.mosﬁ cogent énd informative way; As anAexample of
this pfoble@, éonsider' the éombinatoric proﬁlem of dealing with three-way
cross—-tabulations. ClearlyAa description of return on investmentl(classified
for illustrative purposés as positive or negative only), broken down by type
of» program (say research and developﬁent versus .other), and company size

(large or small), could be useful. Such a display would indicate how size<of

- company affects economic return, and how this effect depends on the_gype.of

prbgrmﬁ. If we had only 100 characteristics (we have many more in our data

- base), the number of possible three-way tables, analogous to the one mentioned

above, would be 128,700. Thus some way of draétically reducing the number of

tables is required.
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Objectives

We used .regression analysis as our major tool for focusing on the important

relationships, which were then displayed in standard tabular form. Thus the
central purﬁose of this analysis was not to‘get_precise estimates of effects
but rather to identify the most significant relationshipé. These reiation—
ships could then be dis@ussed and displayed in the context of all the other

knowledge acquired in the course of the evaluation.

A secondary objective of the regréssion analysis was prgdictive. We tried to

find out if a small set of project or company characteristics could explain
and predict the economic results of a project (e.g., return on iuvestment or
incremental sales). If so, a score éould be determined for each projéct
before the awarding of a DIPP grant. This score would reflect the relatiye
chances of success for a project from the perspective of thé econémic indica-

tors used in the regression analysis. Such a score might then be taken into

consideration in deciding whether a DIPP grant should be given.

Related to the previous two 6bjectives of the regression analysis is a third -

an informal testing of relationships. One way of addressing important .

questions such as "Do very innovative technological projects have relatively

high economic pay-offs?” 1s through the use of regression. No statistical

technique can prove cause~effect relationships, but one goal of our regression

analysis was to shed further light on these kinds of important relationships,’

and explain as fully and informatively as the data perﬁif exactly what the

nature of these relationships is.

Ay & ws s am My s Em
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METHODOLOGY

Three separate sets of regressions were run: one involving only user survey -

respondents, one involving the mini and méjor caseé, and one involving both

the

survey fespondents and the case studies. The potentiél variables differed

among the ‘gfoups, “and that was the major reason for analysing them

e

separately. The size of each datum set was as follows:

The

user survey: . 46 projects; few variables;

combined user survey and mini and major case studies: 80 projects, few

variables; and

case studies: .28 mini case studies and 6 major case studies. Seven
major case studies were conducted, but the case study for Microsystems
International Limited was notlincluded in the st;tistiqal analygis. The
company is nog defunct, and litﬁie inforamtion was available. Thus, ﬁhis

datum set cdmprised 34 projects (28 + 6), with man& variables.

basic methodology used to derive final equations was as follows:

« an a priori choice of important dependent variables and all potentially

relevant independent variébles;.

. exploratbry data analysis, using step-wise regressions (all variables

forced in), various all-possible~subset regressions, residual analysis,

and examination of the correlation matrix. The examination of the
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correlation matrix, together with principal component analysis (examina-
. tion of relevant  covarlance eigenvalues) and plotting of variable
F-values throughout all stages of stepwise regression, allowed us to

master the multicollinearity problem;

. based on our exploratory data analysis, final model specifications.
These specifications included all variables which appear to be important,
even if they were not significant at the ordinary levels of statistical

significance; and

. final regression calibration. This involved estimation of the final

regression coefficlents, F-values, and coefficients of determination..

Results of the regression analysis were communicated to all members of the
DIPP evaluation team, to be used fof deciding upon further tabulations for
their own analyéis, or to be used directly in support of thelr independent

analyses and interpretations.

Variables

The dependent aﬁd independent vafiables used‘in the regression analysié of the
user sufvey and user survey plus case study data are shown in Exhibit 1,
opposite. Because the user survey,approaqh was, by design, broad but not
deep, many of the most important variables (e.g., NPV) were not included in

this regression analysis. Nevertheless, the results are interesting in their

own right and indicate some very important relationships. Exhibit 2,'

overleaf, lists the variables for the case study regressions.  Although ﬁhe
- list is longer, the fewer degrees of freedom available (i.e., a smaller sample

size than the user survey) made the analysis'very sensitive.
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~ EXHIBIT 1

SURVEY AND SURVEY PLUS CASE STUDY REGRESSION VARIABLES.

Variable Name

Nk wWE A oOE o uk R AR N u R
o P - - A o R P

N e N W B em W

1.

10-.

11.
12,
13.

14.

PWODIP

TPTS

VARRISK

PWODIP X TPTS

ASSIST

cxl
cx2
NOWNSHP
ATSA
EXPER
INDS1
INDS2
AVEQ

VALUE -

Dependent Variables

Meaniné

A 1-5 scale, with low»valuesvmeaning the DIPP grant was
non-incremental, and high values indicating high incre-
mentality, as perceived by the company*

Total sales of the project

The variance of the expected return on investment before
the project started; as the companies indicated the dis-
tribution of possible customers from the project (with
associated probabilities). The standard variance formula
was then applied to yield VARRISK, a measure of project
risk. , =

The product of incrementality and total project sales,

indicating incremental sales. The model is that a PWODIP

score of 1 implied a 100% chance of the project going
ahead without DIPP, a score of 2 implied a 80% chance,

etc.

Independént Variables

0 if project .were capital assistance or source establish-—
ment, 1 if R&D

1 if .project were defence, 0 otherwise
1 if project were both civil and defence, O otherwise

114f company.foreign—owned; 0 otherwise

. Average annual company sales (size of compény)

Average annual percentage of company sales due to expdrts

14if coﬁpany were transportation, 0 otherwise

-1 1f company were electronics, 0 otherwise

average annual owners' equity

value of DIPP grant

* It should be noted that the scale for PWODIP has been reversed for regres-
" sion purposes. On the questionnaire, low values of PWODIP mean high
incrementality, and.high values non-incrementality. o



Variable Name

1. NpV

2. INC

3. NPV X INC

4. ASSIST
5. NOM

6. CX1

7. cx2

8. PROBEX
9. DEFPER
10. AVTE
11. NOWNSHP
12. RDINT
13. SEPER
14. MARINTE
15. E1
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EXHIBIT 2

CASE STUDY REGRESSION VARIABLES

Dependent Variables

Meaning

Net present value (in millions)

1 if project were considered incremental;
0 otherwise :

Incremental net present value, equal to INC multiplied by
NPV , '

Independent Variables

1 if project were R&D; O otherwise
1 if project were nominated; 0 otherwise
1 if project were defence; 0 otherwise

1 if projJect were defence and civil; O otherwise

- A 1-5 variable, with low values indicating a'smali chance

the company would be existing in Canada without DIPP
support

percentage of company's experts going to defence
Average size of company (employees)
1 if company foreign-owned; 0 if Canadian—owned

R&D intensity of company, as measured by proportion of
expenditures in this area

percentage of scientists and engineers in the company

marketing intensity of company, as measured by proportion
of expenditures in this area

average expert opinion on technological sophistication;
low values on a 1-5 scale indicate the company tends to

be a follower, and high values a leader, in the
international field

By G oy Uy a8 ay am
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17.

. 18.

19,

20,
21.

22.
23,

2%,

25,

16. 52

E3
E10
E16

E20
E21

INDS1

VALUE

INTVIE20

INTIVIE22
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EXHIBIT 2 Continued

Meaning

'average expert ‘opinion of newness of corporation to this

area of techmnology; low values on a 1-5 scale indicates

the project did not, to any great extent, involve the

corporation in an area of technology new to it.

average expert.opinion of embryonic - mature 1-5 scale;
low values indicate embryonic technology and high values
mature technology

average expert opinion on contributions to development of
technological capability in firm; low values on the 1-5
scale indicate low contribution

average expert opinion on what values project yielded to
defence capability in the form of a product; low values
on the 1-5 scale indicate low value for its cost

average expert opinion on techmological risk; 1ow values
on 1v5 scale indicate “high technological risk

average expert opinion on commercial risk; 1ow values on

-1-5 scale indicate high commerce risk.

1 if project were in transportation, 0 otherwise

.discounted value of DIPP grant

A 1-4 scale, with low values maeaning high company
strength in R&D, and high values indicating low company
strength, . as perceived by the company.

A 1-4 'scale, with low values meaning high company -

. strength in marketing, and high value indicating low -

company strength, as perceived by the company.
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For eacﬁ set of data (user survey, user survey and case studies, case_studies
alone) the final regression models, based on a priorivvariable selection and
exploratory data'analeis, are presented in the following péges._ The results
begin with the user survey dataset, followed by the éombined usér survey and

case studles data set, and ending with the case studles data set.

II — REGRESSION ANALYSIS OF USER SURVEY DATA

INCREMENTALITY

The final regressibn model for incrementality of the projects examined in the
user survey is shown in Exhibit 3, opposite. The dependent variable here was
PWODIP, which, as indicated in Exhibit 1, 1s a 1—5 scale variable, with low
values indicating a large ghance of_the project having gone forward without

DIPP funding, and high values 1ndicating a small probabllity of the project

[ys .

\vwim . having gone ahead without DIPP funding. In other words, low values correspond
\,\) Rt ) .

o ‘

* to low incrementality, and vice versa.

As 1s evident in Exhibit 3, we did nof get a particularly Interesting regres—
sion fit‘for Incrementality. Thé only variable of even marginal relationship
(statistlcally significant only at P = .22) to iﬁcrementality was the ASSIST
variable. The positive wvalue of this variable indicates that R&D projects
tend to be more incremental than the capital assistance and source establish-
ment projects. Aside fromAthis obse:vation,,wé were gnabie to discern any

other meaningful statistical relationships.
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Variable

_Intefcept

.ASSIST
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EXHIBIT 3

REGRESSION ON INCREMENTALITY (PWODIP)

Coefficient Standard Error F-Value
~2.045
645 514 '1.58
R2 = ,034

CONFIDENTIAL

' 8ignificance

220
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TOTAL SALES

Exhibit 4, opposite, shows the results of fhe régréssioﬁ using total project
sales as a dependent variable; Two regressions were run wilith and without the
risk variable VARRISK. The reason for this is thaﬁ'the regression equation
could concelvably be used without VARRISK as a predictor of project sales.
All the other independent variables are quite readily obtéined priqr to making
a decision on whether to aéard DIPP funas. Risk, however, is clearly less
objective and less stable since it is very dependent on who i1s doing the
estimation, and it is for consideration as to whether to exclude it from a

predictive equation.

The most important variable, in terms of a statistical explanation of project
sales, was the ASSIST variable. Using ~21200 as our coefficient estimate, we
would interpret this value to mean that, everything élse being equal, the

sales arising from R&D projects are §$21,200 less per project than those

arising from capital assistance and source establishment prdjects.'

The interpretation of the CXl variable is that defence project sales were, on
the avefage; $15,056 less per project than the corresponding sales in civil
projects. No significant diffefence was detected between the civil and the

combined civil-defence projects.

The coefficient for our risk variable was negative. This indicates that.the
higher the variance of expected outcomes for the project, the lower the total
project 'sales. ~In other wofds, risky projects vary not only in their out-
comes, but, overall, they do less wel<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>