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PROBLEMS. OF APPLIFD INDUSTRIAL RLS3LARCH

ta

P.C. Trusse!l., Director |
B.C. Research, Varcouver, Canada

1NTRODUCTION

Each year the world, through increasing communication between
countries and within countries, 1s becoming smalle:, the people more
confused and frustrated, and the general order vf things more complex
and often disrupted. For some countries the disparity between standards
of living become greater, and the awareness of the dispurities Lecome
more obvious, particularly to those with less. We atre concerned not
only with disparities betwecn natfons, but also within nations.

One of the keys, and onlvy one of them, to overcoming poverty
lies in the useful application of science and technology. Unfortunately
there is no one set format for the effective application of technology
to a country; often such time, effort and money is expended tou little
avail; sometimes the technological application serves only e small
segment of the populatiom.

A shift that is taking place to sn increasing extent in most
countries is the concentration of people or urbanization. Not caly in
developed countries but also in developing countries, urbanization is
creating nev and intense problems, those of social {mpact. Many of
the problems have arisen because o technology itself, and technology
will be required to solve these as well as others in the future.

On one hand the developing countiies are fortunate in that
some technological pitfalls of the dcveloped countries may be avoided;
on the other, the developing countries have great distanccs to bridge
in development. It is most important that full thought be givean to
technological planning in developing countries, at least in broad
outline., Some of the more important factors and difficulties will be
considered here.
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In discussing the problems of f{ndustrial development as they
relate to industrial research institutes (IR1's), four industrial
research {nstitutes will be referred to during the presentation: the
Jamaica Scientific Research Institute (JSR1), which has been operating
for twelve ycars; the Instituto de Investigationes Technologicas
(Colomb{a) (1TT), also operating for twelve years; the Centre for
Industrial Research in Israel (CIRI), now only in its fourth year; and
B.C. Research (BCR), now in {ts twenty-scventh year. In the short time
available for preparation of this report, a brief questionnaire was sent
to the first three inst{tutes seeking information bearing on the topic
of this paper. To preserve anonymity, the names of the institutes will
be used sparingly. Information was collected from institutes in late 1970,

The inclusion of BCR with the other institutes may be
questioned. This was done intentionally to include a small institute
that had progressed to a stage or two beyond the others, to illustrate
the problems that may arise at later stages of development of an IRI.
Also, whersas BCR may be regarded as an institute of a developed country,
ft is in fact in a corner of Canada whose secondary industry is relatively
underdeve loped.

JIMTECRATION OF INDUSTRIAL RESEARCH IN THE ECONOMY OF A COUNTRY

Figure 1 is a simplified schematic presentation of the
technological interrelationships within a developing country. A government
has the responsibility of providing technological facilities and services
for many public needs; agriculture, fisheries, health and welfare,
education, establishment of infrastructures, power development, water
quality, possibly housing, birth zontrol and, before long, pollution
control. The industrial operations may be privately or government owned,
or both within the same country. In any case the sales generated from
the industrial operations provide a circulation of money to a portion of
the population, provide support for government services through taxes,
and provide a profit either to the state or to private investors.

Classically, in the older developed countries, industries have
to a large extent both originated and developed within the same countries;
in developing countries the cycle is shortencd by the import of techno-
logical industries, usually as branches of operations in more developed
countries. Technological know-how, investment capital and management
are introduced, national people employed, taxes paid, and profits either
reinvested in the country or exported (Figure 1). Whether or not the
arrangement is equitable to the developing country is often difficult to
assess. (Canada has been worrying about this for some time).
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The IRI has a very real part in the technologicul chatn,
It must provide those technological servires required by the industrial
plants, such as physical, chomica!, ond Llologicad teeedpgs trouble
shooting; feas b1lity studics; and lat r, more ~ophistic ted services
such as operations :esearca, du o, cap et g and o oduc tivity
studies. The IRl has also a tie-in with goveranmen.  for Lt must seek
solutions to problems of social fupact, such as housiny, communication,
transportation, and pollution control. 1he IRl s cise often called
upon to undertake standards cvaluation and performance approval on
products manutactured in the country ur imported - un important
foundation to a sound industrial econony. Usual'y, the [R! chould
not seek to become a (rue research rentre for nuany years, until {ndustry
has developed to the point wherc research i demanded. Iu the early
stages of industrial development, the TRI can sive great scvvice by
undertaking techno-economic studies and analyses of new fuvestwents,
such as have been successfully carried ot by 11f, resuiting in
investments in Colombia amounting to 250 milifon dnliars (u.s.).

The continuing success of industria) development within a
country depends on the establishment of a suitible "industrial climate”.
Some of the main requirements ure: statle and cooperative government,

8 stable and vigorous labour furce, and the development of naticnal
sanagers. One of th- IKI's reported that the greatest cbstacle to
industrial development in its country was political immaturity and social
apathy; lack of technical know-how and lack of managerial ability were
also importamt, but subordinate to the former two. The main force in

the industrial development of a country wiil be the drive of {ts penple;
this has been pointedly demonstrated in the last twenty years by the
industrial advance of Japan, a country with few natural resources.

TIMING THE ESTABLISHMENT OF INDUSTLTAL RESCARCH SuRVTrve

The glib statement ., ( iea  ode thet I1%1's ai . cesential for
developing countries because these institutes automatically lead to
industrial development. Not so. Premature or unsuitably planned IRI's
may mean a loss of time, etfort and money, and cause disillusionment in |
those industries and government departments which it should serve. 1f '
an IRI is set up when technological needs exist for it, and it has been
designed to fit these needs, the institute will be a live and productive
entity. If the timing and structuring are wrong, the IK] will be a
frustration for its ditector and personnel, who will have to struggle
every moment to establish a purposeful exfistence. This situation has
occurred in & number of cases, not only In developing countrics but also
in developed ones. Often the IRI under such circumstances becomes fsolated




from the industrial or applied
entertalinment of its technical
from wany universities In devel

world and lives for the scient{fic

staff, a situation not too different
oped countries today.

In considering the timing and structure of an IRI, first
atteution must be given to the market, An IRI may make three approaches
to the market: ignore 1t, determine it, or develop it. The first may
be fatal, as an IR {g dealing with a marketable commodity (or should be).
The second 1s essential; the most cxpeditious way for the IRI to advance
1s to gear {tself to the demands of the technical market. The third
8pproach may be followed {f the establishment of the IRI is premature,
although development of specific sectors of the market may continue as
part of normal operation. Far example, a portion of the IRI staff time
and talent may be devoted to in-house applied research projects leading

to eventual participation by industry and to commercial innovation of new
products or processes.

An important part of marke
of the industries fn the country and

Figure 2 sets forth a simple classifi

industries with examples. The Primary industries are essentially
concerned with harvesting of raw materials and are to a large extent

mechanical. Except for agriculture and fishing, which have biological
aspects, the research dependency o

t evaluation {s the classification
A survey of their likely needs.
cation of primary and seconda

countries, and can be applied in d

eveloping countries with little more
than adaptive changes, often to ¢l

imatic conditions.

The secondary fndustries have here been sub
Converaion, Simple Manufacture and Sophisticated.
requirement and the research input for the
It is from the secondary industries that t
and ultimately for applied research will ¢

—divided into Simple
The technical service
se 1s progressively greater.

he greatest demand for services
ome. Figure 3 shows the need

0o industrial development in a
the development of an IRI as
trial development of a country,
formation is greatest for

it may be provided by the firms
themgelves (engaging highly trained personnel). 1In fact, it has been
stated by one of the IRI's

surveyed that the need for technical information
service {s highly overrated in developing countries,

Testing (biological, chemical and ph

ysical) must be provided by
Some agency in a country, not only for indust

ry but also for government
an IRTI way provide all testing services;
4l assay laboratorjes may handle the testing

departments., At an varly stage
later government and coumerci
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needs and the activity of the IRL for thig service witl diminiash,
Likewise, ihe market for enginecring services fncreascs with fudustrial
development and vith the trend to indyairial sonhistication. As with
the testing s rvices, the chigincering scrvices and trou' le shooting
demind may be eigh for the 17 Apsmial oy, tmhv voors) taner off as
independent engineerfug service companics become estublished, As the
induatiial develupment or g country advances both with time and
sophistication, the WTRCL aval Tuble o o IRT for technical services
dérops ofs and that for applied recearch fncreases ., Ultimately the
reseacch, if ft s good research, leads to Innovation, either through
client firms of the 1KY, or satelljte compianies establgsbed by tho 1RI.

A seasoned word on applieu rcuearch and .t markecability,
Technical research, because 1t genks the unknown, iy always a speculation.
Very ouceslonally a project rays off Landsomely; sometimos in a nodest
vay; but most usualiy it 18 an nconomic failure. Under these circum-
stanzes most individuals or companice tind more sccurely profitable ways
te invest their capial. in the end, Ct is ustally governments that fund
research, cither dircetly, or inditectiy. In the United States of
America most rescarch ig funded by government contracts although carried
out in the laboratories of industry (industry accounts for only one-third
of the R & D expenditures). it snould he mie of the main oblectives of
an IRI's in-house research te make potentially wconomic research ventures
morc marketable to elients by increasing their technical and cconomic
frasitildty. This does not mear completeiy solving the problems by
using in-house funds, but reducing their risk faciors,

Of the four IRI'g corsulted in this study, one is in Stage I
(techrical service) acecerding to Figure 4, snother 1w moving into the
Stage il (limited rcescarch), ancther fn Stage IV {iinfted 1anovation),
and one 1s ¢ premature birth, carrying on ainety percent in-housge work and
only ten percent contract (to eovernment: none for industry).

None of the three “®rig rn- *~ted admitted te “tarting too soon,
teo ambitiously, or suffered from over-organization. The author feels all
three disadvantages applied to iis own institute. In Canada the timing
of IRI's has ulten Leeo, very pacr, sinze independent companies provide
for general testing, approvals testing and a wide variety of engineering
services. Most government rescarch is done in-house and the research
for the industrial companies is generally carried out in fereign countries,
the site of their home of fices,

GOVERNMENT SUBSIDIZATION OF IRI's

— et

Although dircct goverament subsidization is essential and
unavoidable in the “otting up and early operatien of an (RI, continuous




and full support by government carries the seeds of the ultimate
destruction of the IRI, in its purpose and usefulness, if not in fact.
Financial dependency weakens an IRI to the point of being unable to
stand on its own economic feet. Under such circumstances the IRI
invariably cu:cupies 1tself with matters of relatively inconsequential
industrial significance, or else becomes a basic research recluse. The
latter tendency is ever present, since the classical training in
universities cmphasizes and perpetuates basic research to the subordi-
nation or exclusion of applied research. Only in the United States of
America, where the job mobility of individuals between industry,
university and government is high, does a reasonable balance between
basic and applied research tend to occur.

Indirect government subsidization of IRI's, although far less
destructive than the direct subsidization, can also cause wesknesses in
the IRI's fibre. Some IRI's in the United States of America have become
8o dependent on government contracts that industrial contracts have
become almost non-existent. True, an IRI must maintain technical
keenness to win government contracts, but it is essential to sound
development of the IRI and its acquiring of self reliance for its own
staff to conceive new products, improve processes, and develop new
equipment or instruments to meet industrial market needs.

To date the record of achievement of IRI's throughout the
world has not been outstanding in invention or development of new
products cr processes. The author feels that much greater accomplish-~
ments will be made during the 1970's and 1980's by IRI's, particularly
by ones in the size range of two hundred to four hundred employees, and
with specialization in few areas of research. Large IRI's, like large
companies today, will not be the font of the outstanding advances in
applied research. Again, government subsidization can assist or delay
this development.

PROBLEMS ENCOUNTERED BY IRI's

The problems met by IRI's relate to seven main requirements
for successful operation. 1In descending order of importance, they are:
& good market for technical services; good staff; freedom of action;
sound in-house program planning; adequate financing; business-like
approach; and continuing, active promotion. Failure of an IRI may be
due to not fulfilling any one of these requirements, or to failing to
meet a number of the requirements in part. The ramifications of these
and elements leading to the breakdown of each are covered below.
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Market f¢ - fervices of an [ K{

Unless an imredia ¢ aarket d napd for the srirvices of an IRI
exists In a country ur tegion, ctther frou {ndustry or government
or both, onc slouie ot hLe estibltshea. b too many cases IR['g
have been set un whe, et 1eacddace war o pneed was frsufficfent,
only to have the staff of the i} resott Lo pencrai research projects
with no likely applicatioan fOr nmany years, o1 to bagic reascarch
studies with no proc (cal vbjectives.  This situation has occurred
in deveioped countifes, probahly {t e not wuinown in developing
countries. Suc:ess {1, most businige undertak ing,, requives good
econumic timing; this appiies L. ivi] to R1'm,

To buiid, staf{ and equin au IR 1o an adverse industrial
climate efther kills -he inttiative of the staif or else causes
the institute to becomue introspeciive. The theory that an institute
will create industry in a Teglon where none exists is falge. It
can only assist industries that are established and encourage the
establishment of new ones- As shown in Figure 4, an
institute does 1ot reach the stage of innovation untjl an advanced
stage in Jts development,

Staffing

Once a favourable market environment tor an IRI has been
established the greatest single problem is that of ataffing. The
staff of the institute is, or ~hould be, its greatest asset. A
Director and secnior program icvaders with conccptual, managerial, and
business abiliticy awe difiiou': o6 [ind al any time. Unfortunately
no counti in the world today :r. uns men in these ¢ .1115 for research
managers and progrui .., ... .ci.. weacuddt e cralaing in most
universities has beeu academic. with emphasis on fundamental rescarch
end a diedain for applied research. On this point, the Jamaica
Institute and B.C. Resgearch feported unsatisfactory training of staff
for senior positions; the Colombia and ssrael Institutes reported
satisfactory training of persornel. However, ail four institutes
claimed weakness of senlor personnel in minagerial capacity. One
institute in a developing country stated that the removal of
"internationals" would leave the Institute in a very weakened siate
and that another ter years would be required {or managerial training
of the nationals to enahle then to take over the ¢ntire operation
of the institute. None of tle four Institutes expressed complete
satisfaction with the outlook of thelr national employees towards
industrial research and services. In two of the countries definite
social apathy was mentioncd and thi.: was reflected i the lack of
drive of institute persounel.
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3.

Freedom of Action

For an 1IRI to be successful 1t must have power of decision
on such matters as its own in-house research programs, the course
of investigation on contract projects, the hiring and releasing of
staff, financing within budgetary allotments and general day-to-
day operations. The IRIL should not be a government department or
plsced under a goverument department but operated on an autonomous
basis. The four {nstitutes surveyed all stated that the political
environment in their countries was favourable to the operations of
the institute (although two fnstitutes mentioned that political
immaturity of their respective countries was the main industrial
obstacle). It certainly is a case that some institutes in
developing countrics are subject to frustrating delays and red
tape by their governments.

Prg.uu Planning

The ultimate success and destiny of an IRI depends on the
Judicious selection of its areas of technical service and research
competence and on the sound selection of its in-house projects
within these areas. The effectiveness of program planning will gain
for the institute a reputation either of distinction or of mediocrity.
This will be particularly so after the IRI has been in operation ten
to fifteen years and a practical return is expected on the investment
made in {t. rhe importancec of program planning to the success of
IR1's in developing countries cannot be overstressed. The initial
demend for services often does not absorb the full time of the staff,
and it is the responsibility of the IRI to foresee those areas in
which technical competence should be developed to serve induatrial
demands in the coming four or five years,

Faulty program planning may involve the following: deciding to
undertake projects which, ever if a technical success, would have
no value {n the market place (trying to find uses for wastes often
fall {nto this category); undertaking basic research programs with
the hope of valuable commercial spin-offs (these are usually long
chances and an IRI can afford only one or two); fatling to terminate
projects when chances for technical and economic success are poor;
faflure to think specifically in considering the market for a project
1f technically successful, to the extent of designating specific
clients.

Financing

A cooperative government attitude is essential to the successful
starting of an IRl and adequate financial back-up by government is
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necessary. MHowever, governuent financing should be in the form of
grants for capital outlays and of contracts for technical services
and research rendered by the IRI. On the one hand, government
departmenis should pay for all s- rvices provided by an IRI, on the
other hand the IR1 chould be accountable in the matter of quality
of service and reports. In the author's opinion, far more institutes
have been ruined by over-financing by government, than by under-
financing. Often lack of money is only an excuse on the part of
institute directors for lack of sound, marketable in-house research
projects and for lack of drive in promoting them. In addition,
over-ambitious in-house programs including expensive pilot plant
operations have led to over expenditurc and thus to unreasonable
requests for expanded government subsidization.

Busincss~like Approach

An IRI should operate in a business-like fashion with respect
to meeting project schedules, issuing reports, planning its operations,
budgeting its expenditures and making realistic charges for its
services. The ultimate objective of the IRI should be financial
independence. After all, it if believes that applied research is a
remumnerative proposition for industry, it should believe in it for
itself.

Promotion

To be a vital part of an industrial comsunity, an IRI must
communicate wvith those it intends to serve, both in industry and
government. This 1s best done by personal contacts, augmented by
news sheets, brochures, annual reports, displays, open-houses, radio
and television. The promotion of an IRlI's services is part of the
duties of its staff. This applies not only to advice to prospective
clients on what the IRI can do f r them but also to follow-up on
projects that have becen completed for clients.

PROBLEMS ARISING DURING TWENTY-SEVEN YEAR HISTORY OF AN INSTITUTE

Although BCR 18 usually considered as located in an industrially
developed eavironment, most of the industry in British Columbia classifies
as primary (harvesting) and simple secondary (simple conversion) (see
Figure 2). Only in recent years have simple manufacturing operations been
established with extensive markets outside the Province, and to date only
one or two complex manufacturing operations exist. Consequently many of
the problems associated with BCR since its inception in 1944 might be
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similar to those confronting IRI's being established in the developing
countries. Some of the problems met with at BCR as it has passed
through one stage to the next in 1its levelopment over the past tventy-
seven ycars .rc set forth here as a forevarning to other research
directors.

BCR has passed through Stages I, II, and I1I and now is
entering IV (Figure 4). These development stages are difficult to
define in terms of specific dates, as they merge from one into the uext.
Each represents a different emphasis in the technical activity of an
institute, and each presents different problems.

Stage I -~ Technical Service

The most serious single mistake made by those responsible for
planning and setting up BCR was failure to determine the market for
contract technical services. In part this is understandable, as the
organizing group and the subsequent first Board had no representation
from industry or business. This resulted in an institute being
established when there was no immediate industrial need for many services,
particularly those involving laboratories. Although initial government
subsidy was adequate, the understanding was that it would not be
substantially increased later and that the institute would be required
to earn most of its operational cost within the first five years. This
placed the director in a very unrealistic financial position.

Another eerious detriment to the institute in the early years vas
the use of many advisory committees and project sub-committees whose
purpose was ostensibly to advise what research studies should be under-
taken and, to a large measure, how they should be carried out. These
committees, which were in operation during the full period of Stage 1
from 1944 to 1950, wasted the time of the technical stalf and vere
completely ineffactual. It was not until after 1951, when these
committees were abolished and the responsibil’.ty for developing sound
programs and for carrying them out was placed squarely on the shoulders
of the full-time technical staff of the institute, that progress was
nade.

The activity during Stage I included chemical and physical testing
(no biological), trouble-shooting particularly in emergency situations
("panic research"), nom-sponsored surveys, approvals testing, technical
ioformation and grants-in-aid for research, particularly in university
departments. (The last of these was a heavy financiel drain which was
not plugged until near the end of Stage I). The contracts carried out
vere for swall amounts, usually under $500 and most commonly uader $100
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while the custs on individual projects usually were for in excess of
the charges mnie. This was not ulways the vesult of unrealistic
Yookkecping, frequently the sponsors s 2re unwiliing to ray realistic
vrices. [Luls again illusuraces the proiatule establishme.t of the
iastiluie.

Curing Stage 1 the institute had a very heavy staff turnover.
ihis 1in part was due to maladministration, but also caused by the
cbvious futility of trying to make something work in an economically
ndverse cnvironment. Inappropriate selection resulted in the engaging
of senior men with great devotion but little or no industrial backgrouad
or applied rascarch inclination. This mistake restrained the progress
o. the institute in maay of the cnsuiug years. In retrospect, most of
the early prcblews of the instivute arose irom lack of an adequate
narket for industrial services and from the involvement of people with
an academic rathor than applied, industrial outlook, both within and
assoclated with the insritute., Pinancing and freedom of action were
not problems.

Stere J1 - Limited Research

This coveres the vzars rocginly from 1951 to 1954 during which the
institute undartook morc sophisticatad testing, initiated economic
studies and oper.ations research and began to undertake projects in the
range of $1,000 to $10,000. During this period the divisions of Chemistry,
Enginecring, and particularly Applied Physics, which was doing a large
volurie of work in physical testing, were the groups meeting industrial
demznds. This stage may be looked upon as the 'increasing growth phase”,
at the end cf which the aunual rate of increase in volume of reaearch
contracts rzeached $50,000 (and this has continued to the present time).

Prchably the greatest miscake mac: during this stage, which led to
nroblems both with staif anc reseaccn projraems iater, was the lack of
lonjer-tern program planning. Most of the technical divisions became so
1nvalved in short-term testing work that they failed to establish research
rowpetences in specific fields that might be associated with the develop-
ment of the Province. The technical divisions became heavily staffed
w'th people prepared and able to undertake small, industrial problems on
request, but unable to conceive arcas of applied research which would lead
to expanding industrisl demand.

During t'.is stzge a substantial amount of the in-house funds were
duvoted to two large basic research programs and, although these
flourished and were successful, they were iuappropriate for an IRI and
broupght no industrial contracts.
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Stage 111 - Extensive Research

This stage covered the ycars 1955 to 1962 and was characterized
by increasing emphasis on the deliberete use of in-house prejects to
build up areas of specific technfcal competence of value to the
industries of the province. 1In the Applied Biology Division three areas
of technical competence were established: marine borer control, biological
leaching of wetal sulfides, and water pollution. In the Division of
Chemistry the areas of techrnical competeuce were odor control of kraft
pulp mills, the bleaching of kraft pulp 'md the synthesis and use of
organometallic compounds. A aumbcr of processes were patented during
this stage and an income from patent royslty started. This stage also
saw the termination of the two basic rescarch programs that were started
in Stage II1 and on which substant{ial {n-housc funds had been spent. When
these two groups left for environrerts more appropriate for basic research,
the institute essentially lost all that it had {invested.

A difficult probleu during this stape was the nced to bring in
people with conceptual ability appropriate for selecting areas of
technical competence. For this purpese the technelogicts and many
engineers who had been so valuable during Stages 1 2nd 1I were
inappropriate. Furthermore, with the establishment of sophisticated
commerclal analytical laboratories and engineering consulting firms,
these people had become redundant. As a result, this stage involved
a change-over of about 25X of the staff.

By this time the individual projects had increased in value up to
$50,000 and the main source of earned income was industrial contracts
from British Columbia which had increased from 361,700 in 1949 to $459,000
in 1959. (See Figure 5). 1In 1959, $459,000 (or 84%) or the earned income
was from industrial contracts within British Columbia, $44,500 (8%) from
industrial contracts cutside of British Columbia and $45,000 (8%) from
government contracts. It was soon tc become apparent t‘at one of the
problems was that thc institute had cssentially exhausted the local market
for technical services and resecarch contracts. Overtures were made to
the local government for more subsidy financing, but were refused. This
probably was a blessing in disguise, as it forced the institute to look
beyond provincial boundaries for further marketing of its capabilities.
During this stage the internal accounting system was improved to obtain
a realistic return for services rendered under contract and an increasing
emrhasis was placed on promotion. 1In previous years the publications from
the institute, including a monthly news shect and the Annual Report, had
not been designed with potential industrial clients in mind. Appropriate
changes werc made. To increase industrial communication and participation
in the institute the proporiion of industrialists in the Bourd of
Management was increascd sc that by the end of Stage II1 half of the members
of the Goard were represvntatives from iundustry.




Stage 1V - Limited Innovatfon

From 1962 to the present, BCR has been in the stage of Limited
Innovation whereby it is deriving a modest but significant income as
royalty payments from commerclal application of technical accomplish-
ments. Royalties are now being derived from the following: marine-
borer control systems; oxidatiocn and scrubbing systems for kraft black
liquor; sonic testing of mavine pilings; a fire-retardant coating; a
wasp trap based on a non-poisonous attractant; an undcrwater coatiug
for steel; and a continuous monitor for sulfur-containing gases. A
fire-place log machine, u self-disintegrating oyster cultch and a number
of other processes and products are nearing commercialization.

Figure 5 shows that by 1969 the institute's earned income from
tndustrial contracts with B.C. firms was about the same as that for
1949. The increase in income from industrial contracts with firms
outside B.C. increased substantially from 1959 to 1969 so that it
constituted one-third of the carned income in 1969. Similarly,
government contracts have increased over the past ten years and now
account for 22% of the earned income. The increase rclfance on both the
tndustrial and government contracts from outside British Columbia has
imposed increased cost and time for contacts with potential clients at
greater distance from the institute. Over the years one of the
difficulties has been to have technical men in the various disciplines
establish and maintain contacts with clients hundreds or thousands of

miles away.

Over the twenty year period from 1949 to 1969 the government subsidy
remained remarkably constant in cffective dollars, rising from $260,000
to $320,000. Despite this modest increase in governrat subsidy, the
institute did well in Stage 1V and was able to accumulate working reserves
of over half a million dollars by the end of 1967. Use of most of these
reserves for covering part of the cost of a new office-laboratory
complex and a tight money situation in both Canada and the United States
have temporarily imposed financial restrictions on the institute.

However, these will probably be transient and the outlook is promising.
Problems throughout the years at this institute have not been basically
tinancial; rather they have involved acquiring effective staff, particularly
people with creative ability and business acumen. With the increasing
number of new processes and products coming from in-house research, the
trend towards financial independence should continue and the institute
eventually move into Stage V. This essentially will have been achieved
when the royalty income of the institute has reached about $300,000

annually.




VII

As indicatcd from Figure 5, the ircome from industrial contracts
from B.C. firms is not likely tc increase substantially ia the future;
the increase in esrned income will have to be derived mainly from
contracts with industrial firms outside B.C. and from government
contracts. With the increase in emphasis on problems of social concern
such as pollution, transportation, housing, and communication, the
greatest expansion is anticipated from government contracts.

Comparing the situation at BCR with that of an institute in
a developing country, I would say the latter has the advantage over
BCR during Stages I, II and possibly 1II, in that it can serve technical
needs for a longer perind before coming into competition with independent
testing and cngineering companies, On the other hand, because of its
closeness to more highly developed economies with attendant more
sophisticated markets and particularly that of the United States of
America, BCR has a chance to move more quickly into Stages IV and V,
those involving innovation and returns frim processes and products it
invents. With regard to the most valuable asset of the institution
and the one about which most problems arise, its staff, all IRI's
suffer from the failure of teaching institution throughout the world
to train enough competent people for technological jobs. The disadvantage
is greater for IRI's in developing countries where there is no opportunity
to acquire men with the benefit of industrial experience after university
training.

SUMMARY AND CONCLUSTONS

1. The rapid industrial development of developing countries is
primarily dependent on the importation of risk capital, technical
know~-how and managerial ability, acting in an environment that
18 conducive from the standpoint of politics, work force, and natural
resources. An IRL can assist the establishment of new industries by
economic and feasibility studies, the operation of established
industries by providing technical services, and, at a late: stage,
the setting up of new industries through applied research.

2, An agspect that is often given insufficient attention is the
timing of the setting up and the structuring of an IRI in relation
to the immediate market demands for its services.

3. Covernment subsidization of an IRI is essential at the start,
but the initial plan sinould call for the IRI eventually becoming
largely, 1f not entirely, self supporting through charges for
technical services and research contracts, royalties on its own
inventions, possibly income from satellite companies.
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&, The main problems encountered by 1RI's relate to markets,
staffing, freedom of action, program planning, financing, business-
1ike approach, and promotion.

5. The main problems experienced by one IRI operating in a
primary industrial environment of a developed country over & period
of twenty-seven years have been the market for technical services
and research,and technical staffing.

6. The conditions under which an IRI operates are affected by
sany varisbles. These include the internal tensions associated
with research on technical problems that are often ill-defined or
elusive, sudden shifts in technological emphasis in the country,
lsdour unrest and changes in government policies and economic
conditions. As a result an IRI, more than most organizations, is
alvays in a state of flux, and the constantly changing administrative
situation calls for a high degree of flexibility in management.
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