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Rech year the world, through increasing communication batween
countriss and within countries, is becoming smaller, the people more
confused and frustzated, and the general order of thinga more complex
and often disruptsd. For some countries the disparity betwesn standards
of 11 becoms greater, and the awareneas of the disparities become
Rote Ve, particularly to those with less. We are concerned not
only wvith disparitiea between nations, but also within nations.

One of the keys, and only one of them, to ovarcoming poverty
1ies in the useful application of acience and technology. Unfortunately
there 1s no one set format for the effsctive application of tschnelogy
to & country; often much time, sffort and money is expended to little
avail; somstimes the technological spplication serves only a emall
segment of the population.

A shift that is teking placa to an increasing extent i most
comtries is the concentration of people or urbanisation. Mot oaly im
developed comtries but also in developing countries, urbanization is
cresting nev snd intense problems, those of social impact. Many of
the probleas have srisen bacause of technology itaelf, and techmolegy
will be required to solve these as well as othera in the future.

On one hand tho developing countries are fortumate in that
some technological pitfalls of the developed countrisa may be avoided;
en the other, the developing countries have grsat distances to bridge
in development. It is most important that full thought be givea te
techneleogical planning in developing countries, st lsast in dreed
outline. Some of the wore important factors and difficulties will be
considered herve.
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In discussing the problems of industrial development as they
relate to industrial research institutes (Ir1's), four industrial
regearch institutes will be referred to during the presentation: the
Jamaica Scientific Research Tnstitute (JSKI), which has been operating
for twelve years; the Instituto de Investigationcs Technologicas
(Colombia) (1TT), also operating for twelve years; the Centre for
Industrial Research in Isracl (CIR1), now only in its fourth year; and
B.C. Research (BCR), now in its twenty-seventh year. In the short time
available for preparation of this report, a brief questionnaire was sent
to the first three institutes seeking information bearing on the topic
of this paper. To preserve anonymity, the names of the institutes will
be used sparingly.

The inclusion of BCR with the other institutes may be
questioned. This was done intentionally to include & swall institute
that had progresscd to a stage or two beyond the others, to illustrate
the problems that may arise at later stages of development of an IRI. .
Also, vhercas BCR may be regarded as an institute of a developed comtry,
it 1e 1in fact in a corner of Canada whose sccondary industry is relatively
underdeveloped.

INTEGRATION OF INDUSTRIAL RESEARCH IN THE ECONOMY OF A COUNTRY

Figure 1 is a simplified schematic presentation of the
technological interrelationshipa 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 developmant, water
quality, possibly housing, hirth control 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 pepulation, provide support for governucnt services through taxes,
and provide a profit either to the tiate or to private investors.

Clasaically, 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 shortened 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 emxploycd, taxes paid, and profits either
reinvested in the country or exported (Pigure 1). Whether or not the
arrangement is equitable to the developing country is often difficult to
ssseee. (Canada has been worrying about this for some time).
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The IRI has a very real part in the technological chain.
It must provide those techuological services required by the industrial
plants, such as physical, chemical, and bivlogical testing; trouble
shooting; feasibility studiecs; and later, more sophisticeted scrvices
such as operations research, industrial cngineering and productivity
studies, The IRI has also a tie-in ' ith government, fcr it must aeek
solutions to problems of social impact, such as housing, communication,
transportation, and pollution control. The IRi is also often called
upon to undertake standards evaluation and performance approval on
products manufactured in the country or imported - an important
foundation to a sound industrial economy. Usually, the IRI should
not seek to become a true research centre for many years, until industry
has developed to the point wherc research is demanded. In the early
stages of industrial development, the IRI can give great service by
“undertaking techno-cconomic studies and analyses of new investments,
such as have been successfully carried out by IIT, resulting in
inveatments in Colombia amounting to 250 million dollars (U.S.).

The continuing success of industrial development within a
country depends on the establishment of a suitable "industrial climate".
Some of the main requirementa are: stable and cooperative goverument,

& stable and vigorous labour force, and the development of national
managers. One of the IR1's reported that the greatest obstacle to
industrial development in its country was political immaturity and social
apathy; lack of technical know-how and lack of managerial ability were
8lao important, but subordinate to the former two. The main force {a
the industrial development of a country wili be the drive of ita people;
this has becn pointedly demonstrated in the last twenty years by the
industrial advance of Japan, a country with few natural resourcea.

TIMING THE ESTABLISHMENT OF INDUSTRIAL RESEARCH SERVICES

The glib statenent ia often made that IRI's are essential for
developing countrics because these i. gtitutes automatically lead to

. industrial development. Not so. Premature or unsuitably planned IRI's

may mean a losy of time, effort and money, and cause disillusionment in
those industries and government departments which it should serve. 1f

sn IRI is set up when technological necds exist for it, and it has been
designed to fit these nceds, the institute will be a live and productive
entity. If the timing and structuring are wrong, the IRI will be a
frustration for ita director and personnel, who will have to struggle
every moment to escablish a purposeful existence. This situation has
occurred in a number of cases, not only in devcloping countries but also
in developed ones. Often the IRI under such circumstances becomes fsolated
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from the industrisl or applied world and lives for ths scientific
entertaioment of its technical staff, a situation mot too different
from many wniversities in developed countries today.

In considering the timing and structure of an IRI, fivet
sttention must be given to the marke . An IRI may make three approaches
te the market: ignors it, determine it, or develop it. The first may
be fetal, as an IRI is dealing with a marketable commodity (or should be).
The second 1s essential; the nost expeditious way for the IRI to advance
is te gesr itself to the demands of the technicsl market. The third
approach may be followed if the establishment of the IRI is premature,
sltheugh development of specific sectors of the market may continue as
part of mormal operation. For example, a portion of the IRL staff timm
and telent may be devoted to in-house applied research projects leading
te eventual psrticipstion by industry and to comercial inmovation of new
preducts or processes.

An isportsnt psxrt of market evaluation is the classificetion
of the industriss in the country and a survey of their likely needs,
Yigure 2 sets forth a simple classification of primary and secondary
indwetries with examples. The primary industries sre essentially
concerned with harvesting of raw materials and are to s lerge extent
sschanicsl. Except for agriculture and fishing, vhich have biological
aspects, the research dependency of the primary industries ere reletively
lew. Most of the tschniques needed are already svailable in developed
cowntziss, and cen be applied in developing countriss vith little mere
then adaptivs changes, often to climatic conditions.

The secondery industries have here besn sub-divided imto Simple
Comversion, Simple Manufacture and Sophisticated. The technicel service
requirement and the research input for these is progressively greeter.

It s frem the secondery industries that the grestest demand for services
and witimatsly for applied research will come. Figurs 3 shows the need
fox éifferent types of services relative to industrisl development in e
esuntry. PFigurs & prssents the stag:s in the development of an IRI as

§t edjusts to thess needs during the industriel development of & country.
Interestingly, the demand for technical information is greatest for
sephisticated industriee, although much of it may de provided by the firwe
themselves (sngsging highly trained personnel). In fact, it has been
stated by one of ths IRI's surveyed that the need for technical information
service {s highly overrated in developing countriss. :

Testing (biologicsl, chemical and physical) must be provided by
seme agency in a country, not only for industry but slso for governmsat
dapartments. At sn early stage sn IRI may provids all testing serviees;
later government snd commercisl essey lasboratories may handle the testing
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nesds and the activity of the IRI for this service will diminieh.
Likewise, the market for engineering aervices increases with industrial
development and with the trend to industrial sophistication. As with
the teeting services, the engineering services and trouble shooting
demand may be high for the IRI during the carly years, taper off as
independent engineering service companies become cstablishaed., As the
industrial development of a country advances both with time and
eophistication, the market available to an IR for technical services
drops off and that for applied rescarch increases. Ultimately the
reeearch, if it is good research, leads to innovation, either through
client firms of the IRI, or satellite companies established by the IRI.

A seasoned word on applied research end its marketability,
Technical research, because it seeks the unknown, is alwsys a spsculetien.
Very occasionally e projcct pays off handsomecly; sometimes in a modest
vey; but most usually it {s an economic failure. Undar these circum-
stances wost individuals or companies find more securely profitabla waya
to invest their cepital. In tha end, it e usuelly governmente that fund
research, either directly, or indiroctly. In the United States of
Mmerica most research is funded by government contracte although carried
out in the laboratories of industry (industry accounts for only one-third
of the R & D expenditures). It should be one of the main objectivea of
an IR1's in-house rescarch to make potentially economic rasearch ventures
more marketable to clients by increasing their technical and economic
feasibility. This doee not mean completely solving the problems by
using in-house fimds, but reducing thair risk factore.

Of the four IRI's consulted in this study, one is in Stage 1
(technicel service) according to Pigurc 4, another is moving into the
Stage II (limited research), emother in Stage 1V (limitad innovetion),
and one is a premature birth, carrying on ninety percent in-house wvork and
only ten percent contract (to government; none for industry).

None of the three IRI'e cor tacted admitted to etarting too soom,
too ambitiously, or sufferrd from over-organization. The suthor feels all
three disadvantagee applied to his own institute. In Canada the timing
of IRI's has often been very poor, since independent companias provide
for generel testing, epprovals testing and a wide variety of engineering
services. Most government research ie done in-house and the rasearch
for the industrial companiee is gencrally carried out in foreign cowmtries,
the eite of their home officea.

COVERIMENT SUBSIDIZATION OF IR's

Although direct government subaidisation ie essential and
unevoidabla in the setting up and early operation of an IRI, centinuous




and full support by government caerries the sceds of the ultimats
destruction of the IRI, in its purpose and usefulness, if not in fact.’
FPinancial dependency veakens an IRI to the point of being unable to
stand on its own economic feet. Under such circumstances the IRIL
{nvariably occupies itself with matters of relatively 1ncomequent.h1
{ndustrial significance, or else becomes a basic research recluse.
latter tendency is ever present, since the classica) training in
universities emphasizes and perpetuates basic resesrch to the subordi-
pation or oxclusion of applied research. Only in the United States of
Amarica, where the job mobility of {ndividuals betveen industry,
wniveraity and government is high, does & reaaonable balance betwecn
basic and applied research tend to occur.

- indirect government subsidization of 1R1's, although far lase

destructive than the direct subsidisation, can also cause weaknessed

the IRI's fibre. Some IRI's in the United States of Anerica have becoms
so dependent on government -contracts that industrial contracts have
become almost non-existent. True, sn IRI must maintain technical
kesoness to vin govermmment contracts, but it is essential to sound
dévelopmnt of the IRL and its acquiring of self reliance for its own
staff to conceivs new products, improve processes, and develop nev

equipwent or {nstruments to meet industrial market needs.

To date the record of achisvement of IRI's throughout the
world has not been outstanding in invention or development of new
proeducts or processes. The author feels that such greater accomplish-
ments will be made during the 1970's and 1980's by IRI's, particulazly
by ones in the size range of two hundred to four hundred employees, and
with specialization in few areas of research. Large IRI's, 1ike large
companies today, vill not be the font of the outstanding advances in
epplied research. Again, government subsidisation can sssist or dslay

this development.

v  PRODLEMS ENCOUNTRRED BY IRL's

The problems met by IRI's relate to seven main requirements
for successful operation. In descending order of importance, they arei
a good market for technical services; good staff; freedom of action]
sound in-house program planning; adequate financing; business-like
approach; snd continuing, active promotion. Failure of an IRI may be
due to not fulfilling any one of these requirements, or to failing to
meet a nusber of the requirements in part. The ramifications of these
and elements leading to the breakdown of each are covered below.
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- in developed countries, probably 1t 1g not unknown
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Narket for Services of an IRI

Unless an immediste market damand for the services of an IRI
exists in a country or region, afther from industry or government
or both, one should not be established. In too many cases IRl'a
have been set up vhere the immediate market need was insufficient,
only to have the staff of the IR: resort to general research projects
vith no 1ikely application for many years, or to besic research
studies with no practical objectives. This sftuation has occurrad

in developing

countries. Success in most business undertakings requires good
sconomic timing; this applies in full to IRI's,

To build, staff and equip an IRI in an adverse industrial
climate eithar kills the initiative of the staff or alse causes
the institute to becowme introspective. The theory that an institute
vill create industry in a region vhere none axists is falsa. It
can only assist industries that era established and encourage the
establishment of new ones from abroad. As shown in Figure 4, em

isstitute does not raach the stsge of innovation wntil an advenced
stage in its development,

featfing

Once a favourable market environment for an IRI has beem
established tho greatest single problam i{s that of staffing. The
steff of the fnstituta s, or should be, its greatecat sssat, A |
Director and sendor program Jaaders with conceptual, managerial, and |
business sbilities are difficult to find at any time. Unfortunately |
8o country in the world todsy trains men in these skills for research |
Banagers and program supervisors. Scientific trainfng in most
wiversities has baen academic, with enphasis on fundamental research
ond a disdain for applied rasearch. On this point, the Jamafica :
Institute ond B.C. Research reportad unsatisfactory training of staff "
for eenior positions; thc Colomb'a end Jsrael Instf tutes raported
satisfactory training of persomncl. However, all four institutass
claimed weskness of senior personnel in managarial capscity. Ome
inatitute in a developing country stated that the removal of
"intornationals" would leava the institute in a very veskaned state
and that snother ten years would be required for mansgarial training
of the nationals to enable them to take over tha entire opexstion
of the fnstitute. None of the four fmstitutcs axpressed complate
satisfection with the outlook of their national employees towards
industrial research and services. In two of the countries defimite

social apathy vas mentioned and this was reflected in the lack of
érive of institute persomnal.
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3.

4.

Ixeedon of Action

Por an IRI to be successful 1t must have power of decision
oo such matters as its own im-house research programs, the courss
of iavestigation on contract projects, the hiring amd relessing of
staff, financing within budgetary allotments and general day-to-
dsy operations. The IRI should 0t be a government department or
placed under a government depsrtment but operated on sn autonomous
bssis. The four inscitutes surveyed all stated that the political
environment in their countries was favoursble to the operations of
the instituts (although two institutes mentioned that political
immaturity of their respective countries vas the mein industrial
cbetacle). It certainly is ¢ case that some institutes in
devaloping countries ars subjsct to frustrating delays and red
tape by their governments. ‘

Pregres Pigmaing L

The ultimats success and destiny of sn IRI depends on the
judicious selaction of 1ts arsas of techaical service and resesarch
competence and on the sound sslection of its ian-house projects
wvithin these areas. The effectivensss of program plamming will gain
for the instituts a reputation sither of distinction or of mediecrity.

‘This will be particularly so after the IRI has been in operatiom tem

to fifteen yaars and a practical retura is expected on the investment
made ia it. The importancs of program plasning to the success of
IRI'a in developing countriss cannot be overstressed. The initial
domand for services often doss not adsord the full time of the staff,
and 1t 15 the responsibility of the IRI to forsses those aress ia
which techmical competence should be daveloped to serve lndutml
demands in the coming four or five years.

Mty prograa planning may involve the following: deciding to
vndertake projects vhich, even 1if a technical success, would have
80 value in the market placs (trying to find uses for westes oftea
fall into this catagory); undert king dasic resesarch programs with
the hope of valusbla commercisl spin-offs (these are ususlly lomg
chances and an IRI can afford only one or two); failing to terminate
projects when chances for technical and ecomomic success ara poor}
fatlure to think specifically in considering the markat for a project
it u:ehtuuy successful, to the extent of designating specific
[ ts.

|~

A cooperative government attitude is essential to the awcoessful
starting of aan IRl and adequate fimamcial back-up by governmsat is
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Becessary. However, government financing should be in the form of
grauts for capital outlays and of contrscts for technical services
and research rendered by the IRL. On the one hand, governmest
departrants should Pey for all services provided by en IRI, the
other hand the IRI should 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 sdditionm,
over-ambitious in-house programs including expensive pilot plant
Operations have led to over expenditurs and thus to unreasonable
requests for expanded government subsidizetion.

6. iness-11k roach

An IRI should operate in a business-1ike fashion with respect
to mesting project schadules, fssuing reports, planning its opezstions,
budgeting its expenditures and making reelistic chargss for its
8ervices. The ultimste cbjective of the IRI should be finmmcial
independence. After all, it 4f believes that applied research fs s

Tommerative proposition for industry, 1t should belfeve ia 1t for
1tself. :

7. Prewetim

To be s vital part of an industrial community, an IRI sust
osmmmicate with those it intends to serve, both in indwstry and
Sovernasat. This is best dome by personal contacts, sugmentsd by
®ews sheets, brochures, annual reports, diaplays, open-heuses, radie
ond tslevision. The promotion of an IRI's services 1is pert of the
duties of its steff. This spplica not only to advice to prospective
elients on wvhat the IRI can do fer them but also to follow-wp em
projects that have been completed for clieats.

1 IWENTY-SEVEN YEAR HISTORY 811

Although BCR 1s usually considered as located ia o industrially
develeped envirenment, most of the industry in British Columbis classifies
88 primary (harvesting) and simple secondary (simple conversion) (see
Figere 2). Only ia vecent yesrs have simpls manufacturing oparstions deem
ootablished with extensive markets outside the Prevince, and to date anly
e or twe complex mamufacturing opersticns exist. Consequently meny of
the preblems sssocisted with BCR since its inception in 1944 might de
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siniler to those confronting IRI's baing estsblished in the developing
countries. Some of the problems met with at BCR as it has passed '
thzough ome stage to the next in its devalopment over the past tweanty-
seven yaars are sat forth hare as a forewarning to other research
directors.

BCR has passed through Sta,as I, II, and 1II and now is
entering IV (Pigure 4). Thesc development stages are difficult to
dafine in tarms of specific datecs, as they mergs from one into the mext.
Each represents a different emphasis in the technical activity of an
instituta, end sach presents different problens.

ftage 1~ Tachnical Service

Tho most sarious singla mistake made by those regponsible for
planning and setting up BCR was failure to determine the market for
contract technical ssrvices. In part this fs understandabla, ss the
organising group ‘and the subsequant first Board had no representation
from industry or business. This resultad in an institute being
established when there was no immediate industrial naed for many sarvices,
partievlarly those involving laboratories. Although initial government
subsidy was adequata, the understanding was that it would not be
substantially incraased later and that the institute would be required
to earm mest of its operational cost within the first five years. This
placed the director in a very unrealistic financial position.

Mother serious detriment to the instituta in the aarly yeesrs vas
the use of many sdvisory committees and project sub-committees wheee

purpose was estensibly to advise what resesrch studias should be wmder-

tekon and, to s large measure, how they should be csrried out. Thees
committess, which wera in operation during the full peried of Stage 1
frem 1944 to 1950, vasted the time of the technical staff and were
completely ineffectusl. It was not until eftar 1951, vhen these
committees wers shbolished end the rasponsibility for developing sswnd
programs amd for carrying them out was placed squsrely on the sheulders
of the full-time technical staff of .ha instituta, that progress vas
nade. ~ ~

The ectivity during Staga 1 included chemical and physical testing
(no biolegical), trouble-shooting particularly ia emergency situstions
("pamic research"), mon-sponsored surveys, approvels tasting, technical
{information snd gramts-in-aid for resaarch, psrticularly in wniversity
departments. (The lest of thesa vas a heavy financial drain whieh ves
net plugged uatil near the end of Stage I). The contrecta carried eut
wers for smsll smounts, usually under $500 and most commonly wnder $100.
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while the costa on individual projects usually were for in excess of
the charges made. This was not alvays the result of wnrealistic
osping; freguently the sponaora were unwilling to pay realistie

prices. Thia again 1llustrates the pPrematurc establishment of the
inetitute,

During S:age 1 the fastitute hac & very heevy stef: turnover,
This in pert vas due to maladminiatration, but elgo caused by the
obvious futility of trying to make something work in an economically
sdverse environment, Inappropriate eelection resulted in the
of aenior men with great devotion but little or no industrial backgrouad
or spplied reacarch inclinatien. This mistske reatrained the progress
of the inetitute in many of the ensuing years. In retrospect, most of
thé early problems of the institute arose from lack of an adequate
warket for induatrial sarvices and from the involvement of people with
an academic rether than applied, industrial outlook, both withia and
asseciated with the tnsti‘ute. Hnancing and freedom of action were
net prodblicms.

Stage 1 - Linited Reseagch

This covers the years roughly frem 1951 ¢o 1954 during which the
institute underteock more Sophisticated testing, iaitieted ecomemic
atudies sad operations research and begam to wnderteke projects ia the
range of $1,000 to $10,000, During thia peried the divisiona of Chounistry,
In:huriu. and particularly Applied Physics, which vas doing & lerge
volums of work in physical testing, were the growps mesting indwetrial
demands. Thia stege may be looked wpon as the “incrassing growth phase”,
st ‘the end of which the annual ‘rate of increase in volume of research '
comtracts reached $50,000 (and thie has continued to the prosent time).

Probably the greateet aistske made during this stage, vhich led ta
problems both with staff gnd Teseerch programs later, was the lack of
longer-term program planning. Most of the techmical diviaions becams ¢¢
invelved in ghort-tern testing wosk that they failed to establish resaarch
conpetences ii. specific fields that m.ght be associated with the deve
ment of the Province. The technical divisiens became heavily staffed
with people prepared and shble to wndertake small, industrial problems on
réquest, but unsble to cemceive areas of applied research which would lead
te expanding fndustriel domand .

During thia stage ¢ substentiel amovnt of the in-house funds were
daveted to two large basic research programs and, although these
fleurished end were successful, they were inappropriate for en IRI end
brought ne {aduatrial eemtracts.
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Stage 1II -~ Extensive Regearch

This stage covered the years 1955 to 1962 and was characterized
by incrcasing emphasis on the deliberate use of in-house projects to
build up areas of specific technical competence of value to the
industries of the province. In the /) plied Biology Div'.sion three areass
of technical competence wer. =stabliilicd: marine borer control, biological
leaching of metal sulfides, and water pollution. In the Division of
Chemigtry the areas of technical competence were odor control of kraft
pulp mills, the bleaching of kraft pulp and the synthesis and use of
organometallic compounds. A number of processes were patented during
this stage and an income from patent royalty started. This stage also
asw the termination of the two basic research programs that were started
in Stage II and on which substartial in-house funds had been spent. Whem
these two groups left for envircnments more appropriate for besic rescarch,
the institute essentielly lost all that it had invested.

A difficult problem during this stage was the need to bring in
people with conceptual sbility appropriate for selecting areas of
technical competence. For this purpose the technologists and many
enginecrs vho had been so valuable during Stages I and II were
inappropriate, Furthemmore, with the establishment of sophisticated
commercial analytical laboratories and engineering consulting firms,
these pecple had become redundant. As a result, this stage involved
& change~aver of sbout 25% of the staff.

By this time the individual projects had increased in value up te
$50,000 and the main source of earned income was industrial contracts
from British Colunbia which had incrcased from $61,700 in 1949 to $459,000
in 1959, (See Figure 5). 1In 1959, $459,000 (or 84X) or the earned incoms
waa from industrial contracts within British Columbia, $44,500 (8%) from
fndustrial contracts outside of British Columbia and $45,000 (8%) from
government contracts. It was soon to become apparent that one of the
problems was that the fnstitute had essentially exhausted the local market
for technical services and rescarch ¢ntracts. Overtur:s vere made to
the local government for wor: subsidy iinancing, but were refussd. This
probably vas a blessing in disguise, as it forced the institute to leek
beyond provincial doundaries for further marketing of its capabilities.
Buring this stage the internal accounting system wes improved to obtaim
a realistic return for services rendered under contract and an increasiag
emphasis was placed on promotion. In previous years the publicatiens from
the instituts, including & monthly news shcet and thc Annual Report, had
not been decsigned with potential industrial clients in mind. Appropriate
changes wsre made. To increase industrial communication and participatiems
in the institute the proportion of industrialists in the Board of
Management was increased so that by the end of Stage 11I half of the sesbers
of the Board wcre representatives from industry.




Stage TV -~ Limited Innovation

From 1962 to the present, BCR has been in the stage of Limited
Innovation vhereby it is deriving a modest but significant income as
royalty payments from commercial application of technical accomplish-
mants. Royalties are now being deriv ‘d from the follow'ng: marine-
borer control systems; oxid-"fon and ncrubbing systems for kraft black
liquor; sonic testing of marinc pilings; a firce-retardant coating; a
wasp trap based on a non-poisonous attractant; an undervater coating:
for steel; and a continuous monitor for sulfur-containing gases. A
fire-place log machine, a self-disinteyrating oystur cultch and a number
of other processes and products are nearing commercialization.

Figure 5 shows that by 1969 the institute's earned income from
industrial contracts with B.C. firms was about thc same as that for
1949. The increase in income from industrjal contracts with firms
outside B.C. increased substantially from 1959 to 1969 so that it
constituted one-third of the earncd income in 1969. Similarly,
governuent contracts have increased over the past ten years and now
account for 22X of the earned income. The increase reliance on both the
induatrial and government contracts from outside British Columbia has
imposed increascd cost and time for coutacts 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
remsined remarkably constant in effective dollars, rising from $260,000
to $320,000. Despite this modest incrcase in government subsidy, the
ingtitute did well in Stage IV and was able to accumulate working roserves
of over half a million dollars by the end of 1967. Use of most of these
reserves for covering part of the coat of a new office-laboratory
complex and a tight money situation in both Canada and the United States
have temporarfly imposed financial re :trictions on the 'nstitute.
However, these will probably be trar  ‘~nt and the outlook is promising.
Problems throughout the years at this institute have not been basically
financial; rather they have involved acquiring effective staff, particularly
people with creative ability and busincss acumen. With the increasing
number of new proceases and products coming from in-housc research, the
trend towards financial independence ahould continue and the institute
eventually move into Stage V. This casentially will have been achieved
vhea the royalty income of the {natitutc has reached sbout $300,000

eanually,
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As indicated from Figure 5, the income from industrial contracts
from B.C. firms is not likely to increase substantially in the futurej
the increase in earned incowe 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 concera
such as pollution, transportation, he sing, and communication, the
greatest expansion is anticijated frec. government contracts.

Comparing the situatfon at BCR with that of an institute in
& developing country, I would say the letter has the advantage over
BCR during Stages I, Il and possibly III, in that it can serve technical
needs for a longer period before coning into competition with independent
testing and engincering companies. On the other hand, because of its
closeness to more highly developed cconomies with attendant more
sophiaticated markets and particvlarly that of the United States of
America, BCR has a chancc to move more quickly into Stages IV and ¥,
those involving innovation and returns from 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 faflure of teaching institutions throughout the world
to train cnough competent people for technological jobs. The disadvantags
is greater for 1RI's in developing countries where there is no opportunity

to acquire men with the benefit of industrial experience after university
training.

SUMMARY AND CONCLUSIONS

1. The rapid industrial development of developing countries i
primarily deperdent on the importation of risk capital, technical
know-how and menagerial ability, ascting in an environment that
is conducive from the standpoint of politics, work force, and natural
resources. An IRI can assist the establishment of new industries by
econonic and feosibility studies, the operation of establighed
industrics by providing technica. services, and, at a later stage,
the sctting up of new fidustrics chrough applied research.

2. An aspect that is often given insufficient attention is the
timing of the sctting up and the structuring of an IRI in relation
to the immedizte markat demands for its services.

3. Government subsidization of an IRI is essential at the start,
but the initial plan should call for the IRL eventually becoming
largely, if not entircly, self supporting through charges for
technical services and research contracts, royalties on its owa
inventions, possibly income from satellite companies.




4.

The madn problems encountered by IRI's relate to markets,

staffing, freedom of action, progran planning, financing, business-
1tke approach, and promotion.

The main problems experienced by one IRI operating in a
primary induatrial environment «f a developed country over o period
of twenty-scven years have been the market for technical services
ond rescarch, and technfcal staffing,

The conditions under which en IRI operates are affected by
Many variables. These include the internal tensions aasociated
vith research on technical Problems that are often 1l1l-defined or
elweive, sudden shifts in technological emphasis in the country,
labour unrest and changes in government policies and economic
eonditions, As a result an IRI, more than most organizetioms, is
alvays in a state of flux, and the constantly changing adminfstrative
situation calls for a high degrec of flexibility in management.
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