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EXECUTIVE SUMMARY

An experiment Is suggested to test the effectiveness of
a technology transfer mechanism which Is both functionally
and structurally more complete than existing efforts.
Technology transfer, as that would be defined for this test,
is the process of commerclalizing existing external
technology. Experimental data would be collected to weigh
the effectiveness of technology +transfer for achieving

~specified socio-economic objectives for Capada, both in the

short- and the long-run.

The experiment would Iinvolve the «creation of a
temporary program to coordinate the required activities.
This program would be built around existing Canadian
capabilities. The success of future technology transfer
efforis depends largely on wutitization of the strengths
represented by these existing resources. A survey of those
capabilitlies indicates that Canada's maJjor strength is the
existence already of many of the required. elements,
particuiarly the necessary scientific and technical skillse.
The most important capabillty which Canada currently lacks
is the ability to provide the centralized direction required
to coordinate these elements into an Integrated technology
;ransfe? mechani sm.,

The temporary experimental! program would be responsible
for five separate areas of activity. These areas are 1)
matching an identified industrial probiem ..to ~a potential
technological solution, then screening that matchi 2)
applications engineering and testing; 3) performing the role
of advocate for the entrepreneur; &) making provision for
the funding required by technology transfer projects; and 5)

faclititating the placement of technical personnel,
particularty for identified industrial requirements.
Together these five areas of activity would provide for
performance of all functions required for the transfer of
technology. In all, sixteen separatie functional steps have
been identified as necessary to an integral! model of
technotlogy transfer -- a mode! which has previocusiy been

developed and field-tested in diverse settings. A survey of
the Canadlan industry sectors suggests that the experinant
be Initiated in the foods, electronicsy, materials, and wood
sectors.

Through this exporimental. program the eafforts of
industry, science, and government would be uniquely bound
together by a unifying oricentation.. This fundamental basis
for actlon dictates that any transfer projoct should be
bulit on and begin with the ldentification of market demand
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for technology. - This program also requires dlrect advocacy
of the technology transfer process: this ts an actlve,
pecple~oriented approach -- In contrast with a more neutral
appsoach ortented principally to the transfer of information
-= and is expressiy deslgned +to develop commitment In the

Iindividuals involved. Such an approach recognizes the
importance of capitalizing on technoiogical know-how not
written in patents T or contained in engineering

specifications but existing only 1In the experience of
individuats involved with a particular technology. The
process also depends importantly upon a thorough generation
of technical alternatives through a systematic search of
existing technologies, including .particutarly foreign
scientific and technica! developments. . -

Total annual operating costs of +the program are
expected to average $3,250,000 (plus a one~-time $150,000
studies cost). This includes the services of 60
professional and 31 support, a total of 91, staff. QOver its
five~year duration the program Is expected to generate an
average of $1,490,000 annual revenues. To meet costs,
$1,760,000 additional annual funding -support would be
required, on average, However, ‘because there would be a lag

‘between start-up and revenue generation, -funding support
required in the early years might be substantially closer to

the total expected annual operating ¢osts.

Though government support would initiate the program, a
basic design characteristic of the experiment iIs that it
represent a partnership effort throughout between the public
and private sectors. In Yact, the private sector would be
expected, over time and to the extent that the experiment
demonstrated value for industry, to assume a major share of
the funding responsibitlity.
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The 0Office of Sclience and Technology in the Department
of Industry, Trade and Commerce contracteo with Abt
Assocliates, Ince. to design an experiment which would
examine methods for transferring technology. This study was
conducted by means of, firsty, a thorough review of the
relevant literature, particularly that relating to the role
of science and technology in C(anada'’s economy. From this
material a questionnaire was developed. That questionnaire
was the basis f{or interviews with 1) government officers
concerned with technology and- the economy and 2)
representative firms from selected industries.

This is the report of that study. 1In the first part, a
mode! c¢f technolooy transfer developed by Abt is discussed.
The middle section reports the results of a survey which
compared existing Canadian capabilities for the transfer of
technology with the model of technology transfer described
in part one. The final part describes the agesign of an
experiment which would bulld on these existing capabilities
and at the same time develop missing elements. The table of
contents represents a detailed outline of the report.

The study was . carried out wunder the direction of
ODr. Richard Foster, Director, Technology Management Group,
Abt Associates, Inc., Cambridge, Massactiusetts. Dr. Foster
was ' assisted by OUr. Jdack Baranson, formeriy Visiting
Lecturer at the Harvard Business School and econpcmist at the
World Bankj Mr. David Allen; and  Mr. John Zysman. Mr.
Dalton (Cross and Or. Alan Vanterpoo! of the 0Office of
Science and Technology were the project officers for the
contract. The conclusions ‘drawn f{from the results of the
investigation and analysis 4re +the responsibility of the
authors, Dr. Foster and Mr. Allen.

Abt Assoclates Inc. ' -1~
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Part 1
IECHNOLOGY TRANSEER:
BACKGROUND ©
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1.0 Jechnploay Iransfer: Backaround.
1.1 Jpiroduction

Socio-economic research has found It difficult to
assess, wilth any satisfaction, the impact of science and
technology on social and economic progress. Studies, at
least - those at the aggregate level, find Iittle or no
correlation between the two. '

However, formulating research in these terms may not be
the best approach to the question. When elements operate
only as parts of an intertocking system of several elements,
assessing the impact of any single element on the
performance of the overall system is always difficult, at
test. An everyday example is the question of what
contribution a valve — or a piston or any other single part
-- makes to the ‘"horsepower output of the whole automobile
engine. The system will perform only through the successful
interaction of all the elements together.

If It were the case that science-and technology does in

fact sontribute fo the furtherance of soclo-~-economic
objectives, such as employment and the -.generation of
capital, it seems Iikely to occur only as science |s

harnessed together with other eléments, such, as timely
flnancing, coordination through government policies, and
management from industry. Assessing the impact of science
and technology would seem to depend importantly upon
accounting for the context in which sclience and technology
operate. .

Regardless, however, of the difficuliies In assessing
technology's impact; what Is clear Is the immediate need to
improve Canada's manufacturing industries. The Science
Counci! in its Report No. 15 described the "deterioration
[thatl has taken place in Canadian manufacturing over the

.last four years" and pointed out that "this deterioration

places many of [Canada's] ‘recent investments...in
jeopardy."{1} Arthur Cordeltl, in the Science C(Council
Speclal Study No. 22, puts +this problem In its broader
context when hne states that Canada would like "to decrease
lits] absolutle orf retative degree of dependence {on thoso
powers that new hold a technologlcal soverelgniyl."(2]
Plerre Bourgault, in his conclusion to the Science Council

Special Study- - No. 23, sugyests what may be at least a part
of the necessary remedy: ho omphasized the neced *for Canada
to develop and exercise product cenginecering and desian
capablilty” (emphasls deleted from origlinatl).{3)

" Abi Associatos inc. ) ) -3~
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In fact, recent studies support the conclusion that

technical lInnovation can and does contribute to one form of
the economic fmprovement desired in Canada:  the
commerclalization of new products -- but this occurs, the

studies Indicate, only when Innovation 1Is set 1In an
approprtate context of other necessary eolements. In 1969 in
a broad study of 567 different innovations, Myers and
Marquis reported that, of the successful Innovations from
the total samples; a large percentage, 75 percent, apparently
depended {for their success upon being 1t a particular
setting: the innovations In this largest group of the total

" successes were each a direct response to a recognized need

In the marketplace.l 4]} We have called the.-essential element

in this setting -- that is, placing the focus of the
innovation process initially on need in the marketplace -~ a
"market {or demand) orientation.” Myers and Marquis®

experimental conclusion has been supported in studies by
Wrightl5] and by Chakrabarti and Rubinstein.[(6}) Adoption of
a technica! innovation depends, theése studies argue, upon
its being in the context of a demand orientatione.

This is in contrast with a "sdpply'orlenfation“ which
takes as its starting point the counterpart ;to market demand

for a technology: the starting point for a supply

orientatlon is the creation of technalogy (vs. Its market
use). In this supply orientation, ideas are generated from,
say, bsasic tTesearcne pass through a deve!ospment phase, ars
engineered into product form and filnally emerge, seeking
demand, into the market. The studies cited above argue
that, by far, the largest number of innovations that reach
the market place do not come by this path. They follow a
route that begins with the other end of the sequence of
events just spelled out. Innovations that are successiully
introduced to the marketplace, these studies argue, tegin
with a focus, not on the creation of technologys but on the
market and what it demands.

The abéve sequence of the chain of idea development «-
research (R) => development (D) ~-> englneering (E) =>

marketing (M) —-— apparently Is reversed In most cases of the
successful Iintroduction of - technical innovations.
Enginecering Ils done only in response to a demonstrated

demand Iin the market, development is undertaken only when
the attempt at  engineering identifies a need for {further
development, ana research is employed only if that
devslopment effort should vrequlre it,

This, of course, does not in any way preclude basic
research for Iits own sake. khat it does address Is the
question of how to get resulfts from technology: such
results requlre a demand ortentavion. 1t also makes

Abt Associales Inc. - _ -ty
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suggestions, as Wwitll be seen, about how ‘thTS”’éame
orlentation Is part of a process to bulld, ultimately, ' an
Indigenous Industrial research and development capabllity.

}el.1 Jhe Mz2E=2R-2R_Model

In assignments to develop technoloagy management
programs over the last four years, and based on the above
ldeas and research findings, Abt Associates has developed a
model of the demand-oriented process. The basic formulation
undertying this model is that demand for a technology is
established before the supply of that technology is souaht.
The sequence described earlier is reversed, as explained
thete, into: *

M => E=>D->R

Only after the market has signallied the need for a technical
innovation is that technology pursued, then starting with
engineering and only proceeding if required to. development
or researche. : .

1

This Is thought +to introduce an efficiency Iinto the
developmerit and commeréialization process. The E => D " =>» R
process is focused oniy on that which the matrket (M) is
seeking. Since any investment in this engineering,
development or research is more ldikely to bhear marketable
fruit, that investment should be more efflcient. Either
less investment should be requircd ory, for a fixed amount of
investment, the return should be higher. 'lh particular,
this may be the situation if, in equating time with money,
investment is viewed as time lapse between development and
commerciatization. :

Further, managsment of technoloay by this model! may, as
described befow, lead to development of an industrial design
and engineering infrastructure and perhaps even an
Industrial research capability.

"In  the early years of a demand-oriented program, the
technologies that are sought as a result of the demand
orientation typify, understandably, +the flrst steps of the

E ~> D -> R sequence -- that is, improvements In engineering
OFy €VveNn, design. (As an example, Industrial design may

itself be the source, that isy supply, for technology to
meet an identified market demand for now designs of plastic
kitchenware.) As improvemants Iin enginoering and destan, the
innovations during this period are largely lncremental steps
forward In technoloagy.

Abt Assoclatos Inc. ) . -
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The call from the market for makling these changes iIn
englineering and design encourages industry to establish the
nucleus far a deslign and engineering capability. As there
is growth In the number of innovatlons sought in the market,
this nucleus can Qrowe. in time, - demand uncovers
requlrements which only research =-- and the more baslic
breakthroughs sought in development or, ultimately, research
-- might meet. Thus demand-pull may encourage, flnally, an
industrial researfch and development infrastructure. That
is, lindustry?!s capabllity f{for absorbing technology may be
enhanced by the demand-oriented approach.

In summary, a technology policy which seeks out demand
for technology before its supply should result in more
successful attempts at innovation. Further, such a program
may be wuseful as a "start-up" mechanism to get industry
moving toward its own fesearch and development
infrastructure. -

1.1.2 A Definition of Jechpology Iransfer

In terms of its Implications for the source, or supply,
of technology, this demand~oriented approach indicates that,
in the early stages of a demand-oriented program, technology

will be purchased wherever it already exists. As an
in~house design and engineering capability grows, more of
the technical advances utilized will be generated
internally. Toward the end of -~the process, tnternal

operations may be sufficient to supply most of the
technology required., Thus, at the beginning the focus is on
purchasing the technology; later the TfTocus shifts to
internal development.

The purchase, then commercialization, of technology
results in- the transfer of technology. Purchasable
technology exists both within Canada and abroad. This study
has placed its major emphasis on the possibilities for and
problems of Canadian industry!'s use of external technology;
a lower priority was placed on internal sources. Thus,
technology transfer as that term Is used here is the process

of commerciallzing existing external {and internal)

technology.

The general objectives oaof technology +transfer are
explalned by the ecarllier dlscussion of the M~>E~>D->R modal:
technology transfer is intended to move new ideas into the

marketplace In a maore efficient way, as weli as, encourage
the development of an  iIndlgenous industrial-deslign and
englnecring capability. TYechnology transfer is In fact oniy

Abt Associatos lnce. ~fy -




g » one of ssveral strategles avallablie for these purposes.

This study looks just at +technology +transfer. To reach
. objectives, 1t will probably be necessary to consider
a implementing several complementary strategies at once,

1.2 Dbiegctives for a Canadian Jechnology Iransfer Program

I onicie B v

For a Canadian technology transfer program, these
.purposes can be stated In terms of the following specific
objectives. These objectives are in terms of both a)
intended immediate output and b)) broader,. longer-range
impact. ) .

=2

Immediate objectives include:

1 - The enhancement of smalier, Canadian firms in
secondarys manufacturing industries, particu~
larly the Improvement of thelr production
efficiency.

B OEm 3

Reduced dependence on technology acqu}red by the
direct~investment route through multi-natlonal
corporations.

B3 B3
"
i

The broader objectives ares

, 3 - An efficient, internationally competitive
; Industry.

4 - An increase in employment.

S - Social justice, including income redistribution
ﬁ and regional development.

6 -~.Protection and improvement of the physical and
social environment.

E2
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1.3 A Slxieen~-Step Funcitional Process
\

The operational form of the M->E->D->R model is a
market—-oriented program to transfer technology. O0Over the
course of several! technology management assignments, Abt has
experimentally field-tested and confirmed such a program in
both the United States and other countries. This program
identifies sixteen individual functions, g¢rouped into four
separate phases, whose performance Is necessary for the
successful transfer of technology.

l1.3.1 (General Characteristics

The sixteen functions taken as a group have several
overall characteristics which are essential to the success
of a technology transfer programs

First, and fundamentally, such a program is parket- or
demand-gorientsed as that has been defined above. ~ Identifying
what the market is demanding and then:bringing technology to
meet that market demand iies at the center of a successful
technology transfer programe.

Second, this demand~-orientation calls “for soliciting
firm decliarations of demand from potential users in the
marketplacey, then seeking out the requisitse technology.
This requires an active =~ as contrasted with passive, ofr
even neutral -- approach to technology transfer.. Thus, such
a program must be a strong adyveocatz of its own activities.

Third, this advocacy can only be accomp!ished if the
program strongly emphasizes personal involvement throughout.
New ideas are adopted only when there is a high level of
comnitpnent from those who effect and are affected by those

ideas. The commitment of company top managements is
essentiali similarly, when an innovatlion is moved from Iits
place of origination, the personal involvement of the

~inventor or developer with his store of unwritten know-how

can be a key factor,

Thus successful technology transfer requires adwocacy
and 1Is people~oritented. Pertinent to the rsquirement for
these two general characterisvics are information services
which make science-reltated tnformation avaitable to industry
-- for instanee, computerized information-retrievatl systoms
supplying technlcal information on request. These services
arce.  tmportant for succossful technology transfer,

Abt Assoclatles Inc. : - -8~
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particularly 1iIn searching for a supply of demanded
technology. But, by themselves such services are relatively .
neutratl and informatlon-oriented. For successful technology
transfer, these services must be f{fitted 1Into a larger,
people~oriented program whlch acts as advocate for the
process.

Fourth, dirsection ¢o¢f a successful technology transfer
program requires centiralized coordination to insure the
interrelated performance of the several phases and each of
their functions. Also; only such a focused effort can
articulate the advocacy necessary for resujise.

Fifth, once a demand has been pinpointed in the market,
the program must have the capability to search
sysiematically those ¢xisting supplies of technologies, both
at home and abroad, which might potentially meet the demand.
Unly such a search can provide a thorough generation of the
technical opftions. available.

1.3.2 JIhe Eour Phases

There are four general phases to the technofogy
transfer program. J{See Exhibit 1, page 10.) During the
first, or ‘“demand,;" phase, the potential market for
technology is established. This includes identifying
problems which represent potential uses . for technology and
checking that these problems are sufficiently widespread to
warrant seeking their solution. During the “supply" phase,
alternative technical solutions to these problems are
proposed and existing technology is systematically searched
to find those alternatives which may be currently available.
1f these two phases are completed, supply will be matched to
an establishea demand, ‘

puring “screenlng." the actuzal prospects for the
newly-matched problems and technologles are tested out in
further detail. The projects which- - show promise during

screening are selected for rimplementation." This Iis
intended to result, finally, in profitablie sales of a new
product and thus complete the commercializatlion of. a

newly-introduced technology.

1.3.3. 1Ihe Rfixiesn EFuncilions

The sixteen fTunctions of technology transfer described
below, particularly Iin the tatter phases, are not

Abt Assoclataes Inc. -0
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Exhiblt 1

Jechpoloay Jransfer:

Slxleen functions Grouped info Eour Phases
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11
12

13
14
15
16

Inc.

Problem fdentification and analysis
Initial demand survey

Technical alternatives discovery
Procduct survey -
Systematic technology search

Basic criteriaz test
Markel! acceptance
Technical feasiblility
User commitment

Project funding
Applications engineering
Testlng -~ Reliability, safety,
malntenance
~ Standards
Patent and license arrangemonts
Test market demonstratton
Fult business study
Assist manufaciuring/marketiing
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necessartly sequential. There Is overlap between functions;
in some casas, functions will be performed in parallel with
' sach other. . Also, some later functlons (for instance, a
provislon for full-scale business studies) are well

R'f':-?w_:
fAREES ]

understood already and thus requlire little description heree.

It Is strongly recommsnded that, as the following
description of the sixteen technolecagy transfer functions is
read, the <case study developed In Part 111 be followed
step-by-step. That ~case study sets these functions in the
perspective and detail of an actual sltuation and is
integral to a full description of the functions. The case
4 study appears in Part 111 on pages 39, 40, 43, 48, and 55.
¥ Also, reference to Exhibit 1 should serve to keep clear the
' separation between each of the sixteen functional areas.

prowm geoamey g

1.3.3.1. QPemand Bhase=

|

The first of the necessary technoiogy transfer

functions is the identification and analysis of a problem.

? Some problems will have a - much jarger technological
! component than others. This technological component

represents a potential market +for the technical solution to
the problem, Identifying that market is; of course, the
‘ object of a demand-orientation, -

7,

i

Such problems are identified -through the participation
of companies which have become convinced of the practical
value to them of a technology transfer program. Company

|

3 personnel are invoived in the effort to " specify the

5 corporate problens whose technological solution might

benefit the company. These problems may relate to the

= reduction of current coust structures and; in generaly, the

; improvement of production efficiency. They may also relate

- to the need- for improved or new products to increase market
- penetration. '

Probiems must be speciflied at a level of detail low

RE enouagh to make it possible to propose solutions. Dne way to

2 focus on the specifics of a problem is to examine either

prior attempts to solve the problem or solutions currently

. In use which are considered unsatisfactory. 7The specific

3 points at whlich these attempts are deemed to fail are
important indicators of the detail of the problem. '

3 . s S S e ke e A G e

#Tho description of events durinyg the demand phase In the
. case siudy beglnston page 40 In pPart ill. The Intro-
: duction to the case study on page 39 should also be read.

;3 Abt Associuntes Inc. ~11-
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Problems so speclified must, of course, be checked to
insure that they are probiems Iin fact and not just problems
that arise out "of a fatlure to understand the proper
procedures for using an existing piece of equipment or other
fatlures of a similar character. The process of ldentifyling
and analyzing problems results in a sizeable number of
formal problem statements. These problem statements include
both the specifications for and constraints impinging upon
any soiution to the problem.

Once a problem is identlfied and specified, an initial
survey must be made to begin to gauge the overall market
slze any technical solution to the problem might enjoy.
Both the wubiquitousness and magnitude of the problem are
checked. DOther similar companies are asked to what extent
they encounter the same problem: the more widespread the
problem, tne areater the potential market. The magnitude,
of sertousness, of the problem suggests the level of
investment a company might make to solve the problem: this
of course also determines  market size. If the potential
market size appears attractive enough, the technoiogy
transfer process moves to the next phase. -

1¢3.3.2« Supply PBhasg®

Kith an apparently attractive market ldentified, the
focus switches to finding a supply of the required
technology. To beglin, the various technical aiternatives
which might offer a soflution must be discovered. A team of
scientists who represent a spectrum of ‘disgciplines s
convened. In a brainstorming session they are asked for
suggestions as to promising alternative approaches.

with the resulting tist of alternatives in hand, the
next step is to survey the existing and iocally available
products to see If one of the suggested alternatives is
already availlable. 11 is occasionally the case that such a
product has so far been overlooked. In that case the
technology transfer process need go no farther. -However, a
technology transier effort terminated at this point should
still provide a residual benefit: the market for the
exlisting locally available product will be expanded to the
extent that new users have been made aware of it. ;

—— e e Sy s e Bps S P o

#The supply phase of tho case study boegins on page 43 in

Part 111.

Abti Assoclatus inc. ) -12~
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- I1f no such piroduct Is found, then a systematic search
is conducted for technologies which offor possibitlities
along the lines of the suggested alternate approaches. This
Iincludes making Informal personal contacts. More formal
methods are also used. For instance, technical ljterature,
particularly patent filesy, are searched 1In depth; this
Includes computerized searches of llbraries maintalned in
computer-compatible form. A}l potential sources of the
hoped~for technologies, foreign and domestic, are included.

If such a technology Is found and .a match thus made
between a market for a technology and- its supply, the
original developer of that technology is involved in the
project if possible. The inventcr not only brings with hin
know-how not written in any patent. His longer~term
involvement with and commitment to the technology can be one
of the key ingredlients in successfully conveying that
technology from its point of inception to its point of use.

1.3.3.3. 3Screening Phase*

1f a match has been made, the next requirement is for
screening: the match must be screened to decide a key
investment question. That question is whether to make
further investment, beyond the Investment required 1{for the
program to this point, in an attempt at implementation, that
Is, an attempt to bring a new product through production
into the market place. Screening wiill test - whether the
fitkelihood of success is high and the payoff sufficient.

The new match must be tested against basic criterla.

These are criteria relating to the overall! goals of the
technology transfer progranm. As such, they will be

standards to test for both immediate results and longer~run
Impact. The proposed technology transfer should, on the one
handy, produce within a year to two years, an increase in
sales +through the c¢reation and/or expansion of a smaller
Canadian manufacturing flrm. Equally, to be attiractive the
proposed project should offer a longer~term prospect for the

.development of Canadats industrial deslgn and engineering

capability.

The market's acceptance of this propesed new product
must now be rescarched comprehensively. The first (demand)

- S - — e ——. S W

“The scroening'pnnso of the case study ls desceribed

peginning ovn pavs 48 In Past 111,

Avt Assocliates Inc. o ~13-
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phase Included an initial market survey. Now the results of
that survey must be verlfied through a more detalled
investigation. This wWill iInclude expected total market size
plotted agalinst the life cycle of the product, what market
share a new manufacturer might expect and, particuiariy, how
the possession of this new technology will affect
competition in this market sector. "

Just as the market must be confirmed, the technical
feasibility of the project must be investigated in greater
detall. when the problem-technology match was made, there
was an inittial decision that the newfound technology could
perform so as to solve the identifled problem. Now that
decision mwust be <checked since success will depend on
whether the technology will in fact be able to perform. .

This further test of technical feasibillty includes a
first projection of itemized costs., The investigation of
technical aspects In greater.depth will generate a more
detailed specification for the proposed new product. With
these specificationsy an initial estimate of the labor and
materials required can be made.

Finally, if the match successfully passes through the
first three "screens® in this phase, a firm commitment to
buy is sought from 1ihe intended users of the new product.
If possible, this commitment wil! specify a minimum purchase
and be contingent only upon the actual manufacture of the
product .to specifications, by some deadiine, and at a
maximum sales price. The extent to which users will make
such a commitment is an Important indicater of just how
successfully the whole technology transfer process has been
oriented toward actual demand. As suchy this commitment (in

some degree of firmness) will ftioure importantly In later

decislions, taken by a variety of parties to the process; to
make further investments in this transfer of technology.

1.3.3.4. Jpoplepcntatlon Phage=®

Those problem—-technology matches which screen as good
prospects are candidates for Implementation. The object of

implementation 1is, of course, to bring a new product
actually into the marketplaco. A number of the functlons to

e performed in this phase are relatively more fanmillare.

S s e ah e - - ————

sImplementation phase for the case study begins on page 55
in Past 111. B '

Abt Assoclntes tnc. - o
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The project requires funding (funds, that Is, beyond
those alrcady provided to got the project to iIts current
status). This Includes funding for any further engineering
or development which Is required to make the technology

.cdirectly appiicable to the demand; It also includes start-up

funding to get manufacturing underwaye.

The government should be prepared to provide a part of
these funds. Such funding spreads the unavolidable risk of
innovation (risks that exist even in a demand-oriented
project) over the public at large. HKith the government as
“lead investor" to take risks that any individual
corporation might not, private money may be lnduced to
follow and provide a part of the support and, in this way,
further commit itself +to the project. Because the market
orientation has reduced the risks of the project, the
chances for gaining this private participation are
increased.

Both the supplier and the user of these funds must be
prepared to negotiate in realistic terms. These terms
include not only the price placed on the capital but alsc

‘the future plans for production and sales of the new

product.

The technology which has bteen matched with the
identified problem will most probably reauire further detail
development before it Is in a form which can in fact supply
the demand. This requirement for applications engineering
provides. an incentive (as . described earlier) for the
creaticn of design and engineering capabilities in industry.

The finisned prototype which emerges from applications
englneering must be tested for reliability, safety, and
mainienance . requirements under all the <conditions the
product Is likely to encounter when sold broadly. When
possible, this testing should involve those who will be the
end-users of the product. In some cases; this testing siep
provides a look back to the first step {problem
identification) of the technology transfer process: the
testing wmay uncover other probiem arcas which rfepresent
excellent candidates for yet other transfers of technology.

The new product must also be tested against existing
standards of manufacture T{for such products. In some cases
standards have yet to be established. This vacuum way
represent an opportunity to establish those standards and
thus aggregate larger markets than wouid otnerwise exlist:
1 f the standards are widely adopted, & single design can

Abi Assoclates lnc. . e B
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sorve several differoent aroas at once.

License arrangements may be necessary for the
foechnology that is being transferred. Ideally, there would
be Iinitial agreement on the terms for any license at the
point Iin time when a match is first made in the supply
phase. A8t that point +the f{full commercial value, which
requires an invesiment in apptltications engineering, does not
vyet exist. That +facilitates bargaining for more iiberal

terms as to market_area.

A last market <check is made by demonstratling the
prototype in test markets. Such demonstrations ailow fqr
confirmation of demand for the product in its final, actual
form. .

To start-up manufacturing, a compliete business plan
must be prepared. This builds on the market and technical
surveys already completed. This business study is the
comprehensive plan +~- to include marketing, organization,
production, and finance -- which is necessary to launch a
start-up in a sound fashion.

Dnce manufacturing is underway and sales are growing,
assistance must be available to help straighten out the
inevitable Kkinks of start-up and growth. .-

Thus,y through the performance of sixteen separate
functions, technology is +transferred and an existing
technology commercialized toward the achievement of
establiished "objectives. )

Note a characteristic which pervades the overall design

.of relationships among these sixteén functions. where thore

is a sequencing from function to function, that sequencing

always operationalizes a demand orientation: investment in
seatch Tor or further development of technology is made only
incrementally and only to the ¢xtent that +there is
increasing commitmoent from the eprospective wuser of that
technology. For instance, “technical feasibitity" is
further explorea only after “maurket acceptance® was been
further verified. OCry, agaln: "yser commitmenti® precedes

“project funding” for applications engincering,

Abi Associatos Inc. . ) -}6-
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1.4 JIhea Struciural Regaulrcments for Jechnology inavnaiu

A program comprised of these technology transfer

functions does not -- and, indeed, cannot -- operate In a

vacuunm, Schematically; the backdrop against whicn
technology transfer is carrled out can be sketched as in
Exhibit 2, page 18. In that exhibit, the national setting
is portrayed with its government (G)y; sclence and technology
{(S/T), enterprise or industry (E), and financial (F)
elenents or establishments. Linkages, or at least potential
linkages, between -each ‘of these a@stablishments are also
depicied. Finally, representative foreign.national settings
are sketched in, particularly the multi-national corporation
(MNC) in foreign enterprise establishments,

Clearly, the diagram at tts best cannot be used as more
than an outline representation for what Is a most rich and
complex situation. Nonetheless, this diagram provides the

necessary basis for describing those requlirements for
successful technology transfer . which . are distinctly
structural and not functional. A successful +technology
transfer program requires not just the appropriate

functions., It Is also necessary that the structural setting
for technology transfer have certain minimal attributes.

Certainly  technology transfer requires of - the
structural framework that each _major element in that
framework perform its overall function. Government must be
in a position to provide coordination as required, financial
institutions nust be able to supply funding when
appropriate, science and technology must provide people with
tneir ildeas, and enterprise is the engine which must be well
managed SO that 1t can carry plans 1into profitable
realization in the market. These are essential to the
successful technology transfer process detalled in previous
seclions.

What is particularly crucial in the structural setting
for technology transfer; however, is that the lihkayes among

.the four elements be in place. and operating. This is

essentlial in order to achieve the coordination necessary for
successful transfer. Without those linkages, that
coordination becomes very difficults; if not impossible.

It is through these linkaygyes that those in science and
technology learn o¢f the opportunities in industry f{or the

application of new ldeas. Equally, it Is these linkagces
which help build a technological component In Industry --
viz., an industrial research and development capability.
Abti Assacliates inc. : _ . =17~
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EXHIBIT 2

CANADA

' SCHEMA OF STRUCTURAL SETTING
REQUIRED FOR TECHNOLOGY TRANSFER

OTHER COUNTRIES:
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These same linkages help government and Industry cooperate
Iin the development of a ratlonalized industrial sector
policy or help financlial Instltutions and Industry negotliate
timely financing. These arv a few examples.

Key Indlicators f{for the wexlistence of such linkages ars
the flow both ways of people, ideasy, and money -- but
especlaliy the exchange of people between elements. When
researchers are interested in a stint In industry, when
industriatists spend a tour in a government post, | inkages
are being built in the form of the 'dual - competences
developing in these Individuals who are gaining experience
in both of two elcements.,

Two linkages are especially important to succesful
technology transfer. The most important is that between
science/technoiogy and industry. ©Only through an operzting
flow between these two can the market, on tne one hand, and
engineering, design, or tesearchy, on the other, be brought
together. Through this linkage science and technology gain
suggestions Tor fruitful research and industry gains the
opportunity to utllize those fruits. ‘

Another key linkage is between government and industry.
Suchn a tinkage can promote agreement on both objectives and
means. Government is then able to help provide the overall
coordination necessary and industry may mmore effectively
convert technotlogy transfer plans into reality. -

Several tools exist to facititate the movement of
peoplie between elements and, in general, to build any links
which may be lacking. First, Institutions can be
established which explicitly straddle tvwo elements. Such an
institution, if it is to perform its bridging function, must
have batlancing confacts in both the elements it connects.
Second, governnent palicies directed at enhancing
connections between two elements can be formulated.
Relevant policies which are important to the. transfer of
technology include those relating to imports and tariffs,

"business combines, patents and licensing; - screenitng of

dircect foreign investments, sclence, finance; éducation,.gnd
employment.

Note that L(he links between Canadian industry and
foreign mulii-national corporavions may retard tne transfer
of technology by maintaining the dependence of Canadian
operalions on foretygn~-bascd rescarch units. There also
extsts the possiblility that this tink couldy, . on tho other
hand, be usued Lo promote the transfer of technology? the

. hAbL Associates Inc. . - ~-19=-
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paront company would In that case, based on new Incentives,
trans{er more Integrated operations into Canaday including
related research facllities.
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2.0 Jechnolosy Iransfer ln Canada:.As 1t Appears 1o Be

In Canada today, a numboer of groups are engaged in the
transfer of technology. These activities are the essential
basis for future Canadian technology transfer programs, The
first stepy, thon, in designing future programs Is to make a
clear assessment of those capabilities which are currently
avalilable and which might be used to transfer technology.

To assess those capablilities, flrst a survey was made
to identify existing technology transfer activities. Then a
comparison was made beiween these existing activities and
the functions required for sucgessful technology transfer,
as that term was defined in Part 1 of this reporte.

To facilitate this comparisonsy the sixteen functions
were grouped accerding to the basic capability required for
performance of the function. As an example, there are five
functions which can be grouped according to a singie, basic
capability required for the performance of each.of the five

functionsy that capability, stated in summary form, is the
ability to videntify markets." The grouping of f{functions
into capabilities required is shkown in Exhibit 3, page 23.
Grouping the. functions according to capability creates a
means for describling existing resources and, with that, a
standard against which the capabilities of current Canadian

technology transfer activities can _be directly measured,

Ina few cases, the capabllity which.was. ldentified,

instead of refating to' specific ~technology transfer
functions; related to either a). the five overall
charactieristics required for a technology transfer program
or b} the structural requiroements for successful technology

transfer.
2.1 (anadals JYechnology Iransfer Capahilitlies

The survey conducted for this assessment identifled the
"groups in the following sectlons as .having the technoliogy
transfer capabilites (in some cases, partial capabilities)
indicated.

Abi Assoclates Inc.
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Exhibit 3

Jeghnoloay Iransfer Functions Llassified by
the Iasks Reawlred feor Performange of Lthe Eupgligns

*

Function

Summary
Description Number In
of Tasks _Exhlbit 1
Reagulirad e e e
1
Market 2
identification 7
9
14
Apply 3
"scientific/technical
skills B
Product survay 4
Search ) 5
Criteria test 6
Funding 10
Engineering 11
12
Licensing . 13
ianagement 16
consulting l6

Abt Asapclates Ing.

Technology Transfer Function

Probliem identification and
analysis

Initial demand survey
Market acceapiance

User commitment

Test market demonstration

Technical afternatives
dlscovery
Technical feasibility

Proguct survey

Systematic technology search
Basic criteria test

Project funding

Applications englneering
Testing : )

Patent and license
arrangements

full busliness study
Assist manufacturing/
marketing
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2.1.1 Ipn Goyernment

2.1.1.1 1Ipe Depariment of lndusiry, Irade and Commerce
L1ILC) '

The efforts eof tne 0Office of Sclience ano Technology
strenythen the key llinkage between science and industry. Of
particular itmportance are 1) that 0Office's advocacy of
technology transfer and 2) the +technical skills of its
Science Advisors, '

Through a varitety of activities the Line Branch
Officers c¢reate and maintain an essential link between
government and industry. Also, through their involvement
with industry the Llne Branch Officers can help identify
problems and the market opportunitties they represent. This
is the basic ingredient in a demand orientation.

The Office of Deslign, 1in conjunction with the National
Design council, has successfully Increased the wuse of
industrial design in Canadian industiry. Such & program can
be one of the first steps in the development c¢f applications
engineering capabilities. . : : -

The incentive programs available in ITLCy, notably the
Program for the Advancement of Industrial! Technology (PAIT)
and the Indusirial Research and Development .lncentives Act
(IRDIA)Y, can help provide funding for technoiogy 'transfer.

The "New Products Bulletin" of the Industrial and Trade
Enquiries Division provides & product survey} it can also
assist in a search for technology.

The Constructlion Information Program of the
Construction Division, throuuh the Building Equipment,
Accessoaries and WMaterials {BEAM) . Program, will provide a

comprenenNsive survey of products -for the construction
indusiry. ) )

The Market Development Group which Is involved In
developlng expofrts may provide assistance with {foreign)
market identificatione.

The Counselling Assistance to Smal! intcrprises (CASC)
Program is actively providing +the kind of consultatlion on
Abt Associates ITnce. - —-dl—-
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business problems which Is required near the completion of
the technology transfer process. :

2.1.1.2 Ihe QNatlenal Research Counclil (NRC)

The National Research Councilt's Technical Information
Service, in association with the National Science Library,
provides three different services in support of the transfer

~of technology:

The Technical Enquirlies Section provides consultation
and, particulariy, 1in-depth literature searches which are
essential for a tnorough search of available technologies;
it also represents some of the necessary technical

capabilltes. The Technological Developments Section makes a
product survey; this survey can also assist with searches
for technology. The Industrial Engineering Section is
staffed to help provide the scarce personnel resources
required for both engineering and consulting. -

The National Science Libraryt!s central resource, its
store of scientific and technical information, 1is a basic
source of supply in a search for technoliogy. :

The incentive programs available at NRCy notably the
lndqstrlal Research Assistance Program (IRAP), are also
available to supply fundlng. .

Canadian Patents and Developments Limited has
substantial experience in arranging licenses for patents in
the private sector as well as know~-how developed in the

publlic sectore.

The government's several! research laboratories =-- and
thls Includes the activities of.the Provincial Research
Councliis =~~ provide a range of enyineerling f{acilities and
technical skills that are basic reauirements in a program to
transfer technology. These ljaboratories are also sources of
supply in the search for technology.

NRC has three programs to encourage the movement of
university sclontists into industry. These are the Deferred
Scholarships, Industrial Postcoctoral Fellouwships, and
Senlor Industrial Feilowshlps. .

Abt Assoctigies Inc. 4 25—
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2.1.1.3 [Qther Goyernment Activiitlies

The Ministry of - State for Sclence and Technology is
responsible for developing science policy.

The Department of -Consumer and Corporate Affalrs,
through Its Patent Office, actively makes (anadian patents
avallable for searches.,. It also recommends government
patent policies.

In the: Department of External Affairs, the Science
Counsellors abroad are one eiement necessary for a search
capability. _

The Department of Reglonal Economic Expansion Is
funding reglonal development programs. The Defence Research
Board provides funding - through its program for
defence~related problems. Programs for Industrial
development conducted by the Provinces are also funding a
variety of projiects. :

Finally, the scientific and technical publications and
the rtesearch laboratories of other government departments
represent potential sources of supply in a search for
technology.

2¢le2 1h Universities and Communlity Colleges

IT&C has sponsored the establishment of Industrial
Research Institutes and Centers for Advanced Technology

within universities. Through these, scientific capabilities
of the universities and community colleges, both personnel
and laboratories, are made more readily avallable +to

industry. These, of course, include both technlcal skills
and engineering facilities.

Business schools with prog}ams for the study and
training of cntrepreneurs arce developing +the managerial
skills necessary Lo build companies which can bring new

procucts to the market.
2.1.3 lp L[inance

A recent survey found 317 Canadian sources of cquity

Abl Assoclate:. lnhe. . -2 bH-
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capltal for ventures.(7] In addition, the Canada
bevelopment Corporation Is prepared to provide equity for
laryer ventures as wWell as to invest in and develop the

Canadian venture capltal Industry.

The chartered banks are the first source for debt funds
to support manufacturing operations. The Industrial
Development 3ank has available debt funds for sound ventures
which. do not {it standards set In the commerclial banking

system.

2.1e4  In Jpdusiry

Several seliected, smaller Canadian manufacturing firms
were interviewed during the course of the work performed
under this contract. Among these, there were firms with a
strong capacity to absorb technology., One firm quickly and
easily identified problem areas as well as the technical
aspects of those problems in specific detaily that firm
encouraged the introduction . of a technology transfer
mechanism to assist in finding and.implementing technical

"solutions for the identified problems. Anothery larger firm

is already engaged in licensing external tecnnology to meet
identified needs. ) :

The industry research association idea -~ of which the

Pulp and Paper Research Institute of Canada is an example --
is being pursuec. This could provide both technical skills
and engincering facilities as well as be a potential source

of supply In a technological search.

Commercial consuliing and engineering services
representy of courses both engineering and consulting
capabitities. They are also a source for new designs for
processing plants.

Technical societies are a source of techniical skills.

. They may also be a resource for technological searches.

The Industiry-based Dastiagn Council works alongside
government efforts to increase the use of industrial design.

AbL Asscociatlos Inc. o -l
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2.2 AEQQQSMQHI of Capabllitigs

To assess the adequacles and lInadequacies of these
ldentiflied capabilities, they were compared with the
capabilities required for technology transfer, as that was
descrihed in Part 1 of this report. :

2.2.1 Adeauate Capahilities

Canada's basic strength in regard to technology
transier is the existence already of many of.the elements
required. These are concentrated in ITLC and NRC, with the
key market~-related elements being In ITELC.

The technical skills required f{for technology transfer
are abundant in Canada. In general, Canada is strong in
science and technology. There is also a wealth of
information available on the role science and technology
play in the country. -

Related to this, there 1is a strong base {or the
engineering and testing capabilities that may be required
once a technology supply is in hand. This inciudes both
facilities and their personnel.,

The capacity to fund innovative ventures, both debt and
equity capitail, also seems to be in place. - There is some

debate about whether the existing venture capital indusiry
supports riskier start-ups sufficiently. There is evidence,
for tnstance, that tne size of investmenls actually made by
venture capitalists is larger than that which would be
expected if a preponderance of start-ups were veing
funded.{8] - Also, the degree of control sought In these

invesiments may not be conducive to such ventures. These
questions, however, are related to parailel questions about
the level of entrepreneurial activity. The potential for
both entreprencurial activity and venture capital
investments will be more nearly realizeable when facllitated

“by a program which increases the likelihood .of success by

means of a demand orientation.

There are smaller, Canudian nanufacturing firms with a
capacity to absort technolouyy. These would be the users of
a technoloagy transfer proygram. These users arey, of course,
a baslcally _necessary cowponent ¢f any program. AS such;,
they represont the counterpart to Canadal's stronyg scientiflc
capabitity. -
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Finally, the need for further development of science

and, particularly, Industrial sector policy Is well

recognized,

In addition to the above, several existing capabilities
are partially adequate to transfer technhology. A complete

technology transfer program would supplement these
capablilties. These Include information services which
conduct systematic searches of existing technologies
{(particularly; Canadian technology) and make product
SuUrveys. They also include experience in arranging

ficenses. Finally, the consulting services available to new
and start-up companies are in this category.

2.2.2 lnadeguagies of Current Capabllities

Overali, the most important element required for
technology transier, but missing In Canacda, is the
centralized coordination necessary to ‘direct.a long and
diverse process which pulls science together with industry.

Nor has a market-orientation -- which is thé basic essential

and which must underlie the process =~ been articulated.
Another element which must be included 1is an emphasis on
personal involvaoment throughout the process: ' in centrast
with an iInformation-oriented approach. The centratized
coordination will also be necessary to strengthen an
advocacy of technology transfer which has already begun, an
active as distinct from a more neutral approach.

Such a coordinated effort must develop the capacity to

search foreign technologies thoroughly. It must also
develop criteria for the selection of those projects which
wlll actually be carried thrcugh to cowpletion. These
criteria will depend wupon the further formutation of

industrial sector policy.

Structurally, two links, especially that between
sclence and industry as well as that between government and
Industry, must be widened and strengthenecd through an
increase In the movement of people between ithe elements.

Ab L Assoclates Inc.
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Finally, the following speclal questions have been
identified and must be addressed by a technology transfer
program,

¢ The *"not invented here" syndrome: 1t may be
socially more acceptable to invent than to copy in
Canada, in contrast to the Japanese philosophy.
Industrial decision. makers, scientists  and
technofogists have to be convinced that technology
transfer is desirable and they ~must be rewarded
for transferring it.

@ There 1is a lack of speciflic objectives for
technology transfer -~ a vague feeling exists that
Canadian-owned firms are at a disadvantage

compared to Canadian subsidiaries of foreign owned
firms in acquiring technology.

@ There 1is a lack of common obdectives between
government and industry for transferring
technology. -

e There is a lack of a strong commitment on the part
of individuals involved (government, industry,
individualis) to transferring technology.

The identification of these special questions completes
the assessmont of (Canada's technology transfer capabilitlies.
These capabilities represent a foundation which is the
critical nucleus necessary for future Canadian technolagy
transfer. Fart 111 of thls report suggests a temporary,
experimental program which might build on this nuclaus.

AbL Associates Inc. 4 ) -30-
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3.0 Ieghnoloay Iransfer 1in Canadas Aé XX Could Be

The above analysis of technology transfer as It exists
Iin Canada today provides the information necessary for
deslgning an experiment to test technolcygy transfer as it
might exist in {future years. That analysis described the
resources =-- in terms of the capabilities required for
technology transfer =~ which are currently in place and
around which it might be possible Lo build an integrated and
more effective tecnnology transfer mechanism, The analysis
also identified other technology transfer capabilities which
have not yet been provided and which might be added for mnore
effective transfer. :

3.1 JIenporary Proaral Recomnended for Experimental Iesik

The first part of this report described a
fully-integrated technology transfer process which has
proven effective in diverse settings. To test the
fonger~term efficacy for Canada of implementing such &
technology transfer process which is. both functionally and
structutrally more compleie than existing efforts, in pursuit
of the overail objectives identifled for Canadian technoliogy
transier in Part 1! (see Section 1.2, page 7}, we suggesi the
temporary c¢reation of an experimental pregram based in
exlisting Canadian capabilities.

3.1.1 Experimental Resijon .

-

The design elements of the experiment are 1) the
sixteen technology transfer functions to be performed and 2)
the industries within which these functions might be
performed. Upon completion of the program, experimental
results are expected to support conclusions as to which of

the sixteen functions are more iamportant for those
Industrios, among four sampled, into which there is the most
efifective transfer of technology. Results should also

indicate the relative maenitude of iwmpact which miaght be
expected from any technology transfer program implemented on

a wider scale. gased on both short-~ and longer-term
evaluative measures developed in Secticn 3.2.3 betlow,
experimental data would be analysed to determine a rating
for the effectivensss of +the overall technology transier -
experiment, as weil as that of each function, as it operated
in a sample industry. To allow sufficient time for impact
to be created and acuasured, the experiment would be

programmed for a duration of fivo years.

Abt Assoclates Ilnc, ~32-
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Based on the data gathered in the present study, our
preliminary hypothesis as to the relationship between
functions and industrles Is characterized 1In Table 1 iIn
Appendix A, page 70. (Functions are represented in Table 1
by garoupings according to areas of activity +that are
described below. See Table 2A, Appendix A, page 71, for
that grouping.) Whereas each row sugygestis which functions
may be more important to achieve immediate impact in an
industry, the comparative importance of the columns suggests
which functions may have more general relevance acioss
industry lines and thus be of longer-range importance for

the wider economy. More complete information from the Line
Branches as the experiment progresses, as. well as further
profiles of individual firms; would serve to test this

hypothesis,
3.1.2 Rggcommended Proaram
3.1.2.) Ihe JTechngloay Iransfer Uniit LITU)

To conduct this experiment, we suggest the temporary

"creation of a Technotogy Transfer unit {TTU). This unit's

activities would be a joint effort between both government
and -industry. As the eariier discussion of the structural

frequiremsnis T10of technnology transier indicates; the link
between government and inaustry is one of the two
particutarty vital links required for the successiul
transfer of technology. This temporary; -experimental

Technology Transfer Unit should ltself be organized, for the
program to succeed; as the central bridging fink through
which both the public and private sectory, in a combined
efforty; cooperate together to perform the tasiks required.

The TTU, both by drawing upon existing capabilities and
by creating- additionat functionsy, would be responsible to
coordinate the performance of the sixteen experimental
technology transfer functions. The exlisting capabilities
which would be employed include, among other resources, an
even mix of the existing government. and industry resources

coutiined in Part Il of this report, in keeping with TTu's

role as a link between the public and the private sectors.
The TTuU's activities are expected to be grouped into f{ive
areas.

3ele2.2 [FElve Areas of Agllyilty

TTU's arcas of activity are based on uiouplngs of tho
tochnoulogy transfer functlions to bo poerformede. {Table 2A;

Abt Assoclates inc. _ T -33-




el BB EEm R

Lo

[

ey

L

page 71, fully tllustrates these groupings.) Ovefall. TTU
would be responsible for the performance and integration of
all four phases of technology transfer. ‘

Prahlem=Technoloay Malchipa and Screening: The largest area

of TTU activity encompasses all the first three technology’

transfer phases: this activity, summarized, Is that of
matchinyg a problem to technology and then screening that
match. °~ Thusy In this area of activity 7TTU would be
responsible, In terms of the requirements of each phase, for
the identification of markets, for gathering up the
technology necessary to meet the demand represented by these
markets and for appropriately screening these possible
transfers of technoiogy. .

This first area of activity would have the major
responsibility of coordinating those phases whose functions
are peculiar to technology transfer. The next three areas
of activity wouild involve groups of f{funciions within the
implementation phase.

“Applications Enalpeering; Jesting: This area of activity

includes two functions. Dne is applications engineering;
the other is testing for reltability, - safety, and
maintenance requirements and iesting against or creation of
standards. This would require the necessary laboratory
facilities and, in terms of the resources that are used,
this activity would be comparable with the matching and
screening activity.

2tarting-up Manufaciure: This area is actually composed of
two matching areas:

¢

Actling as the Entreerepeur's Advocate: A large portion
of the technology transfer process in the lmplementation
phase centers on an entrepreneur's cfforts to get started-up
and into manufacturing with the new product. 1n this area
of activity the TTU would act as the Canadian entrepreneur's
advocate and back him up with professional services In key
arecas 1o help lInsure an actual, successful start-up. The
speclific functions included in this area of activity would
be as followst nelp acqulre {funding {including an active
role In negotintions),; assist with patent and licensing
arrangements,; demonstrate thoe new product In test markets,
piepare the full busincss study, ano consult on any problenms
in manufactiuring or marketing. »

Fundlng: The demand side of the funding function would

\
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be providoad In the area Just above; the ftunding area of
activity provides the supply side. Technlcal innovations,
oeven those transferred in, have an inherent degree of riske.
The TTU in this area of activity would represent the
government as It stands ready to take risks that a private
entrepreneur might not otherwise take. Specifically, the
function of this actlivity would be to package the flinancing
-~ including both debt and equity -~ required for a complete
technology transfer project.

Exchanpging Iechnical Personnel: This activity 1is not
speciiic to any phase or function. Rather, because of the
critical _itmportance of one structural "requirement for
technology transfer ~- a strong, operating linkage between
science/technology and industry =-- a complete activity area
Ils suggested to strengthen this link. In a sense, the
demand orientation of the overall technology transfer

process Is directed toward bringing industry together with

science. This suggested activity area would focus on one
particularly important and effective method for building
this linkage stronger: the exchange of personnel beitween
scienhce and industry. This area would actively serve as a
clearinghouse and factilitator to place scientific and
technical personne! needed in industry and vice versa.

E

~ansfer

o

e FE o A5

rpahilities for ihg Jes
se of Exisling Canagd.

=

kY]
Qna

eo fiy
[v"‘t

oo
b+ kD

L
n

ict

As explained eartier, the experimental program would be
founded on existing Canadian capabilitiess Thus; vheres
available, the technology transfer functions required in the
experiment would be provided from those existing
capabilities. These capabilities would be a mix {as noted
above) from both public and private sector fesources,
reflecting that the TTU is to be a combined
government—industry efforte. :

When a function requlred in an area of activity is
already being performed by an existing institution, TTU
would play only a coordinating . role to insure the
integration of one function with another. Further, in this
cascy TTU would coordinate with the existing Institution
only those of the Instlitutilont activities that relatled

directly to a specific technology transfer PfOJoCt.

As an example, the Industrial Cevolopinant Bank (108)

{or the Technical Information Service or Canadlan Patents
and Developments Limited -- these.are onfy a f{ew of the
other examples of * the seovoral exlsting capablililities) is

Abt Assoclatou Inc. A “-35 -~
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currently petforming functions which are necessary for
effective technology transfer. TIU would coordinate those
activities wWlth JoB but no IDB activity, eoxcept those
directly refated to technology transfer, would be invoived.

Functions which are not currently avajilabie would be.

created by TTU in each of the areas of activity as requlred.
(These newly created f{functions would, of course, also
require coordination Into the overal! process by TTU.}

3.1.4 ZIsmperary Charter: Shift to Private Self-Suepori

There are several examples In Canada of partnerships
between government and industry which rely on government
initiative Lo begin a program hut which are slated to draw,
over time, the greater proportion of their support from the
private sector. The Canada Developwent Corporation is a
current case in point. We suvgest that 1he technology
transfer experineni described here be undertaken in that
general tradition. B

This is the approach embodied In the program desiagn
dessrtbed above and further detailed in succeeding pages.
The TTU should represent a real nartnership between
government and industiry in reinforcement of the structural
link between the Two.

Government action and Jfunding -would .be Important to
inttiate the test of technoloyy itransfer addressed by this
gxperimental design. Howeveir, the initiation process itself
wouid tnclude industry as a partner. As Indicateg above,
existing private soector capabitities would be integral to
the overall combined effort. Also, private financial
support s -a necessaty part of the total projected program
ravenues {the retainer fees expected 1o be paid by companies
for scientific/technicatl services, as described in  Section
3.2:1:4, are an exznplel.

Beyond titne cduration of the experinent i1isel!lfy any
further, more pormanent technology transier program would
depens princlpally on  the initiative and leve! of private
support which could be mustered. Indeed, transier of
respongibitity {70 pubilic to private hands could be taken
as a major indicator of the value of the technoloyy transfer

prtouwram to indusiry. The ecxteni to which the private sccior
Frosponds to the oexportamontally introducoed technoloay
transfoer  prouram {or parts of thal prouaram) by its

#ssumption of the Initiative Lo underwrite thoir costs would

Abl Associantes 1Inc. -3 6~
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be a market test of the technelogy iransfer prdgram ltself.
The amounts oxpectod to be required for funding support are

~detalied in Section 3.2.2.

3.1.5 Regconmended Studlies

In addition to an experimental test of a wmore complete
technology transfer mechanism, we sugdyest that two studies
be undertaken. These studies would concern the formuifation
of policy related 1o technotoyy transfer. The studies are
dascribed later.
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3.2 escripllion of Experimental Preoaram by Arfsa of
. Activyiiyas Jilusiraled with a Case History

To gescribe the experimental technology transfer
proyram suggested above requlres specifying:

Al The sgurces for the capabllities requlred to
perform cach of the technology transfer functions.
As described in Section 3.1,3 above, existing
Canadian technology transfer capabilitles would
perform those functions for .which capabilities
currently exist. TTU would be the source for the
other functions.

8} Ths orgranization. This Inciudes staffing
requlirements. 1% also includes the interfaces 1o
be estiablisined between the experimental program
and existing institutions; tnese interfaces would
te intended te strengthen the structural 1lnks
fequired for technology transfer,

¢) Expected bvenefits. This is the longer-term impact
which the program Is expected to generate.

D} Expected program costis.

. E} Expected program sevenues.

F} Weasures for the evdaiuation of  experimental
results. These Include longer—~term measures of
impact, as well as shorter-term measures of
output. - ‘ - « <

A set of specifications has been develioped for each
area of activity of the recormmended experimental program,
The specifications are described below by area of activity
and have boen summartzed in Tables 24, page 71, and 2B, page
72, In Appendix I At approcpriate breaks In this
description, 2 case history is devetoped to illustrate how
the experimental lechnelegy transfer pregram might operate.

3.2.1 Sourges ol Capsbilities Lgt Ieghpology Jrapsfer
Funciions (AL, fleasnization (B, and EXpecgiled
Benaijiy (L)

Thrae specifications - resources  for functions,
orcant zation,. and expucted benefits ~— are desceribed first,.
These spociflcations are descrised for cach arua of activity
. in Lurn. These speciftcations are summadizod in Table 2A.

oAbl Associatos oo, B B} w3 -
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3.2.1.1 Iniroduction ifpn the fLase Situdy

The - case study developed alongslde the program
speclfications described below traces through step-by-step
the sometimes overlapping or paraliel events which mignl be
expocted to typlfy the experimental program's conduct of one
complete technology transfer project, Tne basic facts for
thls case study are taken intact from ons of tho technology
transfer projects in the United 5States with which Abt has
firsthand experience. To serve descriptive purposes in this

" report, those facts have been framed in the Canadian

situation so thai they can illustrate how the TTU might be
expected to overses the numerous funcitlons required as it

under takes the transfer of _techrnology into Canadtian
industry. Thus the case study below, while based on an
actual situation, Is a forward projection of how the

recommended coxperimental prograt might be expected +to
operate.

3.2.1.2 Jhe Flrst Area of Ackivity: Problem-Yechnolegy
Mateghind and Ssreening. -,

The descriptlion of specifications {for the suggested

egxperimontal program begins with the TTU's inatching and
sgreening area af =zeotivity and the specification of itnat
activity's resources for functions, orcanization, and
expected beneilit. The mwmatchina , and .screening area of

activity includes, overall, +three of the four technology
transfer- phases. @Because this represents  a substantial
portion of atl activities of the experimental program, tThe
speclfications given here are divided iInio several
sub-groups,

1

Resources for the performance of functions will be
specified first: later organization and benefits will be
described. In addition, the spcecitication of resources for
functions is divided into each of the three phases in the
area. Finally, thet resources specification for each phase
is previewed by development of the case study through that
phase.

1t may be 'cffectivé to parallel the ieading of the
following specifications with a review of the descriptlon of

phases and funcifons In  Parg I of this rteport. The
purformance of the series of technolouwy transter functtons
dlscussed in Part | is the struclure underlyling the
operation of the experinental program  and, particulariy,

ithis flrst area of activity,
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3e2.1021 ABQ&QHLQQ& for the Performance of Euncilons (Al
Proeviewoed by ihe Casg Siudy

3.2.1.2.1.1 Demand Phase

It is In the demand phase that TTU's matchling and
screening activity would give full force to the demand
otientation fundamenial to the technology transfer process.
This - phase includes two functlens: problem lIdentiflcation
and analysis, as well as, the initial demand survey.

Lase Study: The case study Is set in the construction
industry. (See Section 3.4 for the Industries recommended
for the experiment.) TTU as the advocate for technolody
transfer would initiate the process. To do this, TTU, with
the cooperation and assistance of the government agencles

concernecd, would bring together perhaps four leading
Canadian gevelopers of .commercial and residential
construction. These should be medium—sized, aggressive

firms. -

1

These firms would have decided to participate in the
technology transfer program through .the efforts of TTU. In
the pasty they prebably sach would have separtately souaght

improvea products from their supplierse. TTU would have made
a presentation and conducted discussions with the senior
manadements in each firm separately. Based on these

discussions with TT7Uy, the management groups would have
agreed that they all, as members o0f the construction
industry, share In common a need for several improvements in
supplier items. They would have concluded that they would
each benefit if, working togeither through the technology
transfer program, they could induce supplier flirms to
provide improved products.

Now with the senior management of each flrm committed
to the program, the {irst step would be to identify specific
problems with supplictr jitems ~~ in patticuiary problems that
have a substantial technolcgical component. Such a problem
represents a potential market for Lthe wmissing technology.
The managements should recognize fthat this "demand" (as
contrasted with “supply®"} oricntation Is critical. 17 the
demand, or market; for a technoloeouy is identified before the
supply of that technologyy itself is sought, tho search for
and development of that technotloyy has the potoential for
belng more efficlent.

To ldentify ,these problousy the TTU staff, with the

Abt Assoclates Inc. _ =G~
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asslstance of other government offices concernsed, would use

a comblinatlon of Iindividual discussion and seminar
technliques. 'In the semlnars, particlpants would be made
more aware of the possibllity for changing, through
technologyy; probiems that have, so far, been toleratod,.
This would be done through a display of current,

state~-of-the-art developments . in the relevant Industry.
This starts the participant thinking in terms of problems --
his own problems -~ that he mlght envision being ameliorated
through the employment of technology. :

Flrst, senior management would be queried for its
statement of fgroblems. This typlcally results. in an
overview, With problems stated in broad c¢ategories. With
this as a gulde; the problem deflnition would have to be
brought down to a concrete, detailed level of specificity,
particutlarly regarding the technical component of the
probltem. This is essential to the success of a later step:
ascertaining an applicable technology to solve the problem.
To achieve specificity, the discussion would be widened so
as to involve personnel from both the operating and
technical levels within each of the companies. -

The first gencral statement of the probliem might be
that. of a "need +to improve the efficiency of the housing
production process throuegh the reduction of construction
cosits." In the U.S. every $100 increcase in-the price of a
house prohibitis 15,000 more families from obtaining a
mortgage, thus eliminating that many more. prospective
customers. As a result, holding or minimlzing price levels
through the reduction of costs is.particularly important for
a developer. ' '

To focus the problem~identification procass on

speciflcsy, several areas of the developers! operatiohs with

potential for cost reduction would be considered. One might
be materiais used in construction, 7This area would then be
further divided. One sub=-area that might stand out is the
electrical system required f{for housina. Little advanced
technology 1is used in these oleetrical systems, and

_installation is subject to high labor costs; thus it would

appear susceptible to cost roeduction., To further specify
the probiem, the electrical system might be divided into two
components: ohe; the distribution sysitem which carries
gcurrent to outicts and, two, tnhe switching system which
turns current in individual scections of the distribpution

nciwork on or off. The switching systcia might be selected
as the betlter bet: comparcd with the distribution systemy
the range permiusible for its operating churacveristics
such as vollage) is not w«s ltimitod. Thus, ithrough a

process of specifticution in successlvely greater detall, tho

AU Associalos lnc.
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tollowing manayeable probiem might have bean specifloed: to-
reduce the In-place cost of electrical switching systems iIn
residentlal and commercial construction.

This problem ldentiflication step would begin the
process of completing a formal "Problem Statement." (See
Appendix By, page 73, for examples "of problem statements
taken from tecthinology itransfer projects in the construction
industry.) During the problem fidentification step, the
nSpecifications and Constralints" section of the problem
statement would be completed. 1In later steps, the remainder

~of the problem statement would be completed.

Thus TTU might have completed the first function in the
demand phase and the one fundamental to the technology
transfer processt preblem identification and anlysis. The
next step wouild be to make an initial survey of the overall
genand =-- that is, market demand for a solution to the’
problem, If that solution were to be found.

The four developers In the group with which TTU would
be working shouid, themselves, represent an inportant
portion of the Canadian construction market. Checking with
each of these foury TTU might find unlversal demand for a

Jdower-cost switclhing systemy If the switch were available.

Alsoy since virtuatiy all residential and commercial
construction requires wiring with switchesy the market would
appear to be substanttal. Statistics, for instance, from
1972 f{for residences alone show that there were close to a
quarter-mi!lion housing starts in that year.[9] -

Thus TTU might have completeo both functions of the
demand phase., 0Overaltl, TTU would be expected to generate,
from the demand phase, 160 problem statements annually. We
suygest that the experimentail technology transfer program
deal with four Industries. 0On the average; four companties
per Industry might be expected. If a company produces an
averago of 15 problem statements and two-thirds of thesec
have Industry-wide relevance, TTU would achieve its goal.

Resources for the Performance of Eungtlons (A): Except for
the problem-identification capabilities of the Linhe 8ranch
Gificers; neither of 1he functions required in the demand
phase are currently availabla fdfrom e¢xistiing organizationse.
Both would be provided by the new organtzatlion in
conjunction with the Lino Branches.

Abl Assoclalons Inc. A -4 2=
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3.2.1.2.1.2 Suprly Phasc

The central task in the supply phase Is the systematic

search of avallable foreign technoloules, another key
function for successful transfer. Two othsr functions are
required in this phase? the discovery of technical

-alternatives and product survey. {Chronologically these

precede the search.)

Lase Study: Upon completion of the demand phase, TTU would
have identified a problem calling for lower—-cost switching
systems in housing electrical systems; an initial survey
would have indicated an apparently promisiny market. NOW,
with a ready market In hand, the next step should be to
locate a supply of the technology necessary to solve this
problem,

To begin, TTU would conduct a session to discover the
technical alternatives that might solve the problemn.
Technologists from perhaps six discipiines would be gathered
for a “brainstorming" session. These-individuals wouid be
iocated through efforts of the staff in the technical
personnel exchange area of activity.

The problem would be described to the assembled group.
They would be asked for suggestions as to possible

sofutions. Any criticism of the ideas produced would be.

discouraged so as to «create an atmosphere conducive to
innovation. Several possible sclutions would probably be
suggested. One mlght be to switch by remote conirol without
a physical link into the etlectrical distributlion network,
perhaps uslng a radio signal as the actuating device.
Another might be to maintain the physical linkup but uss
fow-voltage tine for the switch circuit; +the voltage level
In the distribution network could be reduced for the switch
circuit by use of a relay. Several other possibilitles
might be sugygestecd.

Armed wlth these alternate possible solutlions, the TTU
would survey prosucts currently In use to see if one of the
suygyested - alternatives 1is possibly already available
locally. This would include use of the BEAM progran's
Construction Information System.

If no such products were discovercd, T1U would conduct
a systematic seuarch of both donestlc and forelan sources in
an attempt to locate technologies thut miyght. be developad
into one of the sugyostod alternutives. Both JTormail and

Abt Assoctates Inc. . ‘ wly 3
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informal methods would be used. Informally, contact would
be made with the “technological gatekocepers” In those
companies ldentlifled as potentials for the relevant
tochnology. The Science (Counsellors abroad would be
notified of the noeded technologles.

Formal methods of search would also be employed. Thils

would include patent searches, particularly European
patents. It would atlso include computerized searches by the
Technical -Enquiries Sectlion of the Technical Information

Service at the National Research Council. Many thousands of
technological developments could swiftly and. inexpensively
be surveyed in automated searches. ‘

To seafch computerized banks of techneological
developnents, TTU mignht select, from thesauruses developed
for such searches, Kkey words descriptive of each of the
possible alternatives. KWith these key words as inputy the
computer would probably yield about a thousand related
titles at a cost of about $250. Df these, approximately a
hundred would probably appear potentially relevant and an

abstract would be obtained for ,each. These hundred
abstracts would protably indicate that about ten articles
might hold a sought-for development. These would be

acquired and reading one out of the ten articles might
uncover the fact that a "special conductor cable to carry
low-voitage had been weveloped. This experience with the
computer search would reflect what could be expected for TTU
In most such searches: each thousand titles produced by the
computesr search should vield roughly one potentially
applicable technological development.. .

TTU would contact the developer of the cable who might
be named in the article. He might point out the extreme
thinness of the cable. If the cable were combined wlth an
adhesive backing, 1t might be possible to install the cable
on the outer surface ofy not inside, interior housing walls:
It would be painted over to become invisible. Thus
instaltlation labor .could be saved, both at initial
installation and during any required re-witing. It might

also appear that tho cable itseif would be significantly

fower~cost than conventional material.. In its current state
of development +the cablto probably would not have heen
combined with a relay device to reduce valtage. Further
engineering would be neccansary to make the cable applicabla,
in fact, to the ldentified problem.

The technologisi who developed tne cable wmlyht have
bocome infterestee In the project and, throuah TTU's efforts,
decide to Jjoin In the development of the complete low~cost

\
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switch package. At this point an initial agreement should
be reached on the outlines of a licensing arranygement. It
might provide for the technologist +to participate partly
through llcense fees and partly through equity.

Thus, In  this example of the transfer of technology, a
person (the technologist) would be transferred from an
external science and technology establishment Iinto Canadian
industry. This would be in paraliel with the wmore formal
transfer of Written tnformation contained in articles and
patents. This would be a key factor in the program since it
is the embodiment of technology in Individuals which
provides much of the motive f{orce for the technology
transfer process. Also, much of the information required
for the successful use of the technology would probably not
be written down but be part of the individual technologist's
Know—how.

This emphasis on personal involvement would bs
maintained throughout the experimental technology transfer
program., It would begin with the personal contact with
company managements necessary for a successful initiation of

the problemnm identification step. 1t would inciude the

transfer of people, as well as ideas, in the search step
just described. 1t would continue in later steps in gaining
provisicenza! commiiment from Intendec users of the technology
and In entrepreneurialiy pursuing the developmeni of ihe
project through to actual sates in.-the marketplace.

The systematic search- for a ‘technology "to f{fill an
identified market woulid thus ke completed:t a match would
have been made between a supply of technology and the demand
for that technology. Overalil, TTU!'s searches would be
expected to vyield matches one-half. of the tTime. As a
result, the supply phase of the technologsy transfer process
would be expecied to yield 80 matched probiem~statement/
technology-suppliies annualiy.

Resources for 1ihe Perfpormapce of ‘functions - fA): (The
fesources outlined here and in later speciftcations were
described eariler In Part 11 of this report.) Existing
Canadian scientific/technical skills could be caltea upon to
provide the discovery of technical alternatives f{functionj
these {ncludet

-— pepartment of Industry, Trade and Commorce

o tho Sclence Advisors in the Office of Sclence and
Tachnology
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-~ National Research Council

5} .thé Jochnical Enquiries section of the Technical
information Servics

() the several research faboratories {plus the
activities of the Provincial Resecarch Councils)

-=- Unlversities and community colleges
e Industrial Research Institutes and Centers for
Advanced Technology, sponsored by 1TEC; these
help make avallable: : :

4] both +the taboratory facilities and technlcal
peysonne! of these institutions by

-= Industry
2] industiry research associations, where they exist

o) technical societies.

For the remaining two functions in the supply phase -~
product survey and systematic technology search -- current
Canadian capabilities would only ‘partialtly provide the
necessary resources. These funciions would be performed by
a combination of existing and new capabilities.

For product surveys, the current Canadian resources
include? : ' Co
-~ Papartment of Industry, Trade and Commerce

o the “New Productis Bulletin® of the Industrizl and
Trade Enquiries Division

Y] the Construction Information Program of the
Construction Division :

-~ National Research (Council

0 the Technologlcnl Developments Seciion of the
Technical Information Service.

To conduct the technoloyy searchs the existing
resourcos lInclude: .

Abt Assovclotes Inc. N : wl b=
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~— pDepartment of Industry, Trade and Commerce
] the "New Products Bultetinn®
-— National Research Counclt

] becth the Technicai Enquirles Sectlion and the
Technological Developmenis Sectlion

~--Department of External Affairs
o the Sclence (ounsellors abread
-~ Industry

€ technical societios.
As sources of suppliy to the seartches; there are!

-—- National Research Council
+] the National Science Librar&

o] its research laboratories

-y
144

-~ Oepartment of Lonsumer and Corporate Affamir
o the Patent Offlce

-— Other government Departments.

¢ scientific and technical pub}écatiﬁﬁs
o research laboratories

-« Industiry
G iﬁdustry-research asscociatlons

G commercial consulting and engincering services. .
3e2«142.1.3 Sgleening Bhass

The flrst function in tho screening phase typifies the
purpose of the phase: it requires coeveloping criterta  for
ine selection of thoso tcchnology transier projecls which
will be carricd into implenentation, The other three
functions in - this phage are! market acceptance, technical
feasibitily, and usecr commwltmont. The sieps in this phauo,
Iikg those of other phasces, arfe not nocassarbly simply

Abi Assoclihtes Inc,
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sequontial; they wilt overlap and sometlmes parallel each
other .

Lase Study: In the case study to this point, a technotogy
transfer progject wouild have been developed by matching a
need for fow-cost switching with a technology that might
meel that need, Now TTU would screen this project to

deternine vwhether It would be carried into the
implementation phase. Of course, all technology transfer
functions Involve a continuing process - of selective
screenings this -~ phase simply enphasizes it at +the

vwatesrshed” stage following the making of a demand/supply
match.

I

The project would probably meet the test of basic

criteria successfully. Comnercializing this technology
would appear to offer the prospect for Immediate impact in
Canadian indusiry: there would be a prospect for

significant saies, profits and employment. Longer run, the
project should hetp spur desidn &nd engineering papabilitiss
in Canadian industry and help develop thoe instititional

linkages between science/technology and industry.

‘To establish expected levels of market acceptance, TTU
woltid conduet a market study mere thotsuah than that of the
initial demand survey in the demand phase. The total market
size, In terms of boith units and dollars; would probably be
large as expocted. It might appear that a manutacturer of
ihe switch package should be profitablie at a share-of-market
substantially below the market share that scews. possible.

TTU would alsc check the technical feasibility of the
project in detail. This might confirm that the thin cable
with adhesive backing could be directliy applied to the
exterior of internal walis, The new swiftch system would
also be costed at this point. This Initial costing should
conlirm the necessary cost advantage over conventional
materials and lanor.

Yo compicte the test of market acceptance and t{he
screening phasc, TTU would seck a firm purchase commitment,
provisional only on cost and actual avaitability, from each
of the four originai construclion industry members. This
might be a comnmitment to buy a minloum  number of switch
pachayes. This "acid tostw is an importont step for
Insuring ihai there is5 Indecd & market for the technolooy
transferrod. By underscoring the cemand orlentation of the
entire technology Lransfor Process, this . toest woubd
substantially Incerease  the bikelibhood f{or suceess of  tha

AbL Assoclalos Ino. . . -l b
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project.

Overall, of the 80 problomn-technology matches that

enter the screening phase, about one-half or 40 would be

expected 1o be selected for lmplementation annually.

Resources for the Performapce of Functions (A)l: Except for
the technical feasibility function, these functions will be
created and provided by TTU iItself. The numerous scientific
/technical capabilities listed on page 45 might be applied
to the technical feasibillity function. ' :

Also, though TTU would itself develep and apply basic
criteria in the probiem selection process, close contact
would be maintained with {a) the Ministry of State for
Science and Technology as it develops science policy and (b)
the Office of the Industrial Policy Advisor In ITEC as
industrial policy is developed.

This compietes the specification.of TTU's resources for
performance of the technolouy transfer functions Included in
the matching and screening activity. The description of
that activity's specifications now turns to organization and
expected benefits. (The case study will be concluded
following description of thuse and further specifications.)

XA

3.2.1.2.2 QDrsanization (B) and Expectad Benefits (C)

In order to oversee and perform all its functions, the
maitchinyg and scrcecening organzigtion would require a staff of
approximately 20 professionais. This (and following)
staffing figures do not include support personnel for the
professional staff. Support personnel required would total
about half the number of professional statf,., Staffing
figures do include man-years which would be drawn from those
existing organizations currently providing technology
transfer functions, :

As indicated in Table 24, page 71, the TTU, for
purposes of the maiching and screening activity, should link
governmental , scilentific-technical, and enterprise-related
structural elements, if it is to periorm its overall
technology transfer task., 1hus the matchling and screening
activity should interface with? :

Abt Associatas Inc. _ : ': —ly Qo
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- Department of Industry, Trade and Commerce

] ‘the point of contact to te the Offlce of Science
and Technology '

-~ Natlional! Research Council
0 at the Technical Information Service

-~ Ministry of 5tate for Sclence and Techno!ogy
) at the level! of policy formulation

~~ University and community college~based research
o at the Industrial Research Institutes

-~ Indusliry assoclations

o at indusiry research associations, if they exist.

The longer—term impact expected -from “the matching‘and
screening area of activity is an increase in sales, profits
and employmeni for participating firms,

AbL Associates Inc. 7 -5
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3.2.1.3 JIho Remsining Four Arens of Actlivity

The mateching and screening area of activity has been
specified as to sources of capabilitios for performance of

functions, organizatlion, and expected bensflts, These items

are now specified for the three areas of activity which
would be responsible for the implementatlon phase as well as
for the f{final activity area responsible for promoting the
stciance—-tndustry linkage . { These speciflications are
summarized in Table 2As page 71, also.) Following these

specifications, the case study will be concluded

with the

developmant of evehts tnat might typify the implementation

rhase.

3.2.1.3.1 Applicgalions Enagineerips; Iesting

Existing resources appear to be adequate to provide
ithese functions, if these resources are coordinated by the
engineering and testing area of activily. These resources

incluge: .

- Departmeht of [ndustry, Trade and {ommerce

& the DOffice of Lesign, in'conjunction
National Design Councii 7 ' .

-=- National Research Council

e the Industrial _Engineering Section
Technical Information Service o

V] its research laboratories
w«w Universities and community colleges

o Industrial Research Institutles,
personnel and facilities

with the

in tha_

inciuding

~~ Industcy
<] Iindustiry research assocliations
) cominercial consulting and engincering services
o Desiagn {ouncilli.
It is woxpected that threoo installations vwould bo

required to sorve sevieradl tndustiries and geooraphical arcas.

Stafftny iho threo instptlations would roequira

Ab i Assuvctlates jng.
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about 30 professionals. Thigs aclivity area should 1ink
tndustry with scienca., With tho exception of MDSST, the
institutions Interfaced with this area would be as for
matchlng and screening.

The activity in this arcea should benefit smalloer flrms
by Ingreasing their technologicail capablility. It should
also aggregate larger markets through the development and
widened use of industrial standards.

3.2.163.2 Starting-Up Manufzciure

3.2.1.3.2.1 Actling as the [pirepreneur's Adyvogcal

I
'

As described In Seciion 3.1.2.2 above, there are five
functions to be performed in this area of activity. The
function of asslsting with funding:,. as well as that of
coenducting test market demonstrations, .would be provided
from within the new organization for the area. Existing
capabilities could partiaily fulfill the .-remaining tihree

FTunciions so0 that these functions would be provided by a

combination of existing and new rfesources. Resources for
patent and licensing arrangements lncliude?

-~ National! Research Council
s~ {anadian Patents and levelopments Limited
~= Department of Consumer and Corporate Affairs

(7] the Patent Ciflice.

Several capablliities exitst whiech could partially fulfill

-both the business situdy and asslistance with manufacturinag/

marketing functicns!

-= PDepartment of Industiry, Trade and Commerce

H the Counselling Assistance to Small Enterprises
(CASE) Program

= Natiunul'Réseurch Councitl
2 both tithe Technicnl Enqulirtes Section and the

Industytal tnginoering  Section of the Technical
Information Saervice ~

AbL Assoclialus Ino. - P
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° commercial consulting servicese.

This activity area would be staffed with flve
professionals. Its iInterfaces would be within a single
structural element, the enterprise element. They would be
intended to link up hunman managerial resources with
realizable business opportunitles. For purposes of this
area, TTU woula interface with universities and community
colleges {(at the business school and, In particular, any
proyrans for the study of small business). It would also
tnterface with industry associations.

The benefits to be expected {rcm this activity are an
increase in the generation, growth, and profitanitity of new
firms.

3.2e1.30.2.2 Fundina

The basic resources necessary for this {function are
already in place In (anada. The {unding area of activity
would serve as a means to coordinate and orient those
vesources’ to  the specific reaquirements of the technsliogy
transfer process.

Several government incentive programs - might provide
funds: -t ' A

-~ Department of Industry, Trade and Commerce
] notablys the Proagram for the Advancement of

Industrial Technology (PAIT) and the Indusirial
Research and Development Incentivas Act {(IRDIA)

1
H

Department of Regional Economic Expanslon
] notably;, regional development programs
-~ National Reseérch Council

© notably, tha Industrvial Reseasch Assistance
Program (1RAP)

14
t

befunce Rescarch board

Ab L Assoclatoys Inc.
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-=- the Provinces

(&) industrlial development programs.
Other resources for debt and/or equity fuhds Include:

-- the chartered banks
~= the Industria! Development Bank
-~ the private venture capital industry

~— Canada Development Corporation.

This area's staff would include three professionals.
The purpose of the funding activity'!s interface would be to
link better the finance and enterprise structural elements,
This activity would interface wlih:

—— Private financial communtty

Q at Canada Developnant Corporation

~~ both tho Department of Industry; Trade agd Commercé and
the Nations! Research Council

o at their incentive programs -
~-— Industry associationse.

The longer~ierm impact of this activity should be to
increase the initiztion of smat!l technological companies.

3.2.1.3.3 [Exehenging Jechnigal Personnel

Though the staff of two professionals projected for
this activity area would croate much of the service fTrom
aftresh, three Hzaiional Rescarch Counctl programs would
assists Deforred Scholarships, Industrial Postdocioral
Feilowships, and Senlor Industrlial Fellowships.

The personnel exchange aciivity would encourage greater
movement boiuveen scicnco and industry. It weould interiace
withs

AbLl Assoveiates dnc., . ' . —h iy -
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-- National Rescarch Council

® at the tncentive programs just above
-~ Universities and community colleges

e at the Industrial Research Institutes

-~ Industry associations.

Dver the ionger term, this activity should make
univerity and governmont research activities -more aware of
industrial neceds,

3.2.1.4 Concluding Chapier of ihe (ase Study

I{f the project to develop a low-cost switch package had
successfully passed screening, TTu!'s efforts would turn to
the final phase: implementation. The steps in this phase
are relatively more familiar than earlier steps so that they
require less explanation. Alsos - the steps duriny
inplementation would be overlapping and would =~ not
necessarily follow a particular sequence.

Performance of the functions required for the
implementation phase requires relatively more effort from
the private rather than publtic sector. This is-reflected by
the increased reliance on existing private sector
capabilities In the specificatlions of resources for TTU's
three activity areas which are responsitle for
implementation. Thus in the following conclusion of the
case study, industry, as the private sector partner in the
combined government~industry TIU effort, would bear the
larger part of the responsitility for performing the
individual functions required for implementation, As
explained carlier, balancing the program so that government
and lIndustry together provide an even mix of the necessary
functional efforts is important to the structural design of
the experiment. .

To beglin tmplementation, the low voltage technology
that had been located would have to underco further
developmant. An adheslve backing would have to be mated
witn the new thin cabley a reluay would have te be added to
the sysicme This would be an opportuniiy to start Cunadian
firms thinking In terms of cngtneoring and design in
addition to thelr traditional focus on manufacture.

Abt Assuvclates Inc. . : 56 -
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be funded.)
wouid share
through retai

lcations enygincering would .of course require
funding. {Later, starting-up manufacture would also have to
The f{four construction industiry {firms probably
in supportlng the applicationys engincering
to the
through

ner payments of  $15,000 annualiy

ensglineoring and testing activity. The governmenti,

Ilts fundingy
would absorb

of the remnaindesr of that activity'’s
the cenylineering and devolopment §isk

Individual company is prepared to shoulder.

nce the

safety, and

also develop standards

budget,
s that no

appllcations enaineering for the new switch
packaye were completed, it would be tested for relitability,

maintenance requirements, if any. T

TU

miaht

for the performance of mass-produced

switch packages. If these standards were wldely adopteds
the effect would Dbe to aggregate the market for the new
enhancing the attractiveness of the switch to
industry

switech,y, thus

prospective manuifacturers. In the construction
ous problem since local building codes tend to
However , because this swWwitch system's voltage
ow the range covored by  mosi codes, its
might allow for the propagation of standards
that have tne potential for belng very widely adopted.

this is a seri
vary widely.
would be bel
introduction

The new "
now be compl
specifications
would demonst

switeh pack" (so named, by this time) would
ete, including all englineering drawings and
« TTU, nmaintaining the demand orientaticn,

rate the new product in test marke

would a@lve the new switch early sxposure to its
provide an opportunitiy to confirm demand for

customers and
the switch W

hen i1 is presented physically . an

commarcial form.,

To compl

ete this technology +troansfer proje

ts5.

This

intended

d

ct

in lis

Would

require that the new switch-pack now aciuatly be produced
and sold. FElther an sxisting manufaciurer would have to be

found who wa
probably a cur
& hew c¢company

S interested in expanding his prod

uct

[ ing,

rent supplicer to the construction industryi or

would have to bte started upa. In t

since the cable toechnology ilsell would be ao
company would probably be started.

his

Wy

Casg,
a new

An entrepreneur  with the apprepriate mwmanagerial and
ficonsing
prohably

technical hac

karound would bLe ltocated and the

agreecmont Tinallzed. This ticensiny  agroemeny

would not con

bl seiibus restrictlons on oxpord

hecause the tichnology, as transferred ing had

devolopod for
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To fund the start-up, TTU would help the entreprencur
develop proposed terms for a financing., Thls would call for
beginning a compiete business study to cover all the maljor
aspects of the new operation: marketing, organization,
manufactiurey, and finance. DOut of this study would come key
information such as the expected +total funds required. The
study would also put a2 sound footing under planning for the
company's first couple of vears. HWith proposed terms of the
financing in hand, TTU would then assist the entreprencur
with his negotlations for these funds.

The funding area of activity would act as packager of
the financing to ensure that sufficient funding were made
available to the project. This financing would probably
include a combination of government funds and private
venture capital funds., Including government funds would
have the effect, once again, of allowing the society at.
large to absorb some of the risk of the new venture.

finally, to complete this technologoy transfer project,
TTU would provide consuiting services to the entreprencur
anhd his new operation; once the company vare underway. This
consultation efiort would probably focus on the requirements
of introducing customers to the- - value and wuse of a
substantialty changed product. 0One important service TTU
might provide here would be helping to crcate a program for
briefing tradesmen on the installation and re-instaliation
of the new wWiring. w -

{In the actual case in the U.S., once the low-voltage

wiring technoloay was matched to  the need, product
development took less +than a year. Exclusive of the
prototype developinent costs, the project cost about

$100:000% - in 1G72;: the projoct ytelded a benefit close to
ten times that amount.) , :
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3.2.2 Lkxpoected (osis (D) and Revenuos 1&1'

The specltfication of the rocommended program's five
areas of activity now turns to the remainder of the
specificatitions, which include program finances and
measurement. These are summarized In Table 2B, page 72.
The specifications bedin with expected cosls and revenues,

320201 gxpecled Proaram Cosis (D)

The costs of each of the experimentz! program's areas
of activity would be, pringipally, the costs of maintaining
skilled technology specialtsis. DOne such specialist would
be expected to require tatal fundging, on average, of
$50;000. Tnis is a fully loaded costs it includes computer
costs, general and adminisirative costs {including support
personnel! for the proefessional staffl)y and overhead.

Table 2B indicates the expeeied costs of each area of
activity. HNote that the funding area of activity is a case
separate from the others: based on prior experience with
such personnel and their support costs, it is expected that
the stafif necessary for that activity would reguire & higher
per-stafif member level of funding. The investment funds, as
distinct from operating costs, required Tor this activity
are expected to be provided from a gombination of govarnment
and private sources.

Tota! annual operating cost for all activities of the
experimenial procram Is expecited to be $3;250,000. The
ma jor portions of tnls would be ithe matchinyg and screening
activity at $1,000:,000 and .the engintering and testing
acivivity at $1:500,060 annually.

3.2.2.2 FExpegted Program_Reyepues LE1D

Annual revenues, by activity area, for the f{five year
pariod are projuected in Tabie 2b. EFach annuai floure is
piojected as an apount which is expeciad to be tho average
for the filve year perlod. During the early years of the
ilve year period, actual results should be lower than
averagoe; taoward the end¢ of that five years the rovonues are
expoacted to tncreasoe.

atehrine  and scrocoenlng fevenues  would  cone from a
royalty takenn on the saley  of now product tines. The

Abt Ausaclantes Inc, ‘ S by -
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1,000,000 projoected annual fevonue s based on an
expactation of %$20,000,000 In such salos,

Each company participating In the program would be

expected to retain enolneering and design services for
$15,000 annuaily. This would produce a total annual revenue
of $240,000. :

Assistance to entrepreneurs is expected " to gensrate a
small fee in the form of equity fraom the ventures which it
would help start up. Doliar Inflow, in this case, would
depend upon the sate of a venture toe new investors, at which
time paper gain in equity held might be realized. However,
ventures are not expected to wmature to this stzge during the
five year period projected. Thus no revenue §is shown, (IT
ventures matured and tiiis revenue began to be genherated, one
sale per year would be expecied to net $200,000.) '

The funding aciivity's source of revenue . would also
inciude capital gain in eguities taken in ventures, but

based ohh a substantially larger investment ~than that

represented by the stock held Iin the entrepreneur’s
assistance activity area, Thoese revenues would also inciude
intecrest paid on jvans made to venturses., This activity's
revenpue is oxpected to averzge a total of 250,000 anhusily.

‘This awmount does not include czsh flow from principal

repayfmenis . -

Personne! exchange would have no source of revenue.

Thess projections Indicate that %1,760,000 annually
would be the averade funding ecxpected to bo requifred to
support the experimental proygrame. In eariy yYears, the
fltogure could be coxpected Lo be substantlially higher. As
discussed in  Sectlon 3.1 .4, it would probabty be necessory
for alt {funding to be goverpment-provided Inittally. In
tima, incustry would be expected te begin fundlng tha
proyram, if 1t appecared to hold value for industiry.

3.2.3 Heasures for Evaluaiion of Experimgnial Resulis

fver the fonger—-torm —-  four vears and boyvond -~ this

experimential procram  wouild bo  svaluniod for {is broader
impact. Shertoer~term -~ zero to threo yeoars -- Intarnmodtato

measures of outpul  weoedld bo used to.evaluate the proyraw's
gxpertmental results,. {Those moasurds  are  summarized do
Table 28, pugu 72, ulso.)

Abt Ausoctlatog lne. - 5
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The tonger-term impact of screening and matching would

. bo measured In terms of new jobs and profiis genperated in
i smaller and medium-s3lze Canaudian filfms. Sheorter-term ouiput
3 measures would include the number of problems identified,

sgarches performed, and technology demand/supply matches
. made .

Impact measure for engingering and testing would be in
‘ terms. of the numbor and 4arowih of design and englneering
o units created in Canadian industry. DOutput measures would

inciude numbers of retatner coniracts, new standards
Y gromuloated, and new applications engincered. ) ‘
3
- . The Tmpact of assistance to entreprencurs would be in

terms of the number of its new firms that survive beyond

b three years, Output would be measured by the number of

entrepreneurs funoed, ficense arrancements completedy and

oy a
g business studies performed.

rg The funding activity's impact parallels the above., Its
4 ocutput would be measured in terms -0f the numbor of deals
' examined and number of companies started.

r.':m

a - - o

= The impazct of persennel exchange would be in terms of

an Iincreased flow of people and ideas between industry and

T research. 1ts output would be .meesured in terms of the

L3 nuirber of personnel referrals solicited and cempleted.

& o ) e e

B This concludes the description of +the recommended
sxperimental program.
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3.3 Qescriptlon of Regommanded Siudies

Twe studies arfre recommended. These studies would
examine and recommend the foermulatlion of policies to

strengthen the structural framework wlthin which technology’

transfer operates. Fach study would focus on a different
facet of that structure and the policies related to it.

Bne study is recommended to formulate how government
purchases could be used to reinfotce the recommended
experimental technology transfer program through use oi the
government as market and the private sector 'as supplier.
This study would aise examine what barriers exist te retard
this use of fiscal power., -

A second study would censider 1the regulation of
subsidiaries of f{forelign nmulti-naticonal corporations. This
study would examine how these regulatory policies should be
shaped 10 strenathen the technoivoy transfer prosrame. it
would inciude an examination . of regulations concerning

tariffs, foreiagn investment screening, and taxation.

Each study is expected to cost about $75,000 for a
total of $150,000. This one-time ¢ost is not included in
the annual costs projected {or the experimental pPrograme

Abt Assoclatos Inc, - -t ]=
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3.4 Jndusiriups Sclecied

Fach of the (anadian industry sectors arce the potential
users -~ the potontial market --  for the experimental
iachnology transfer proagram described above. The success of
the program  would depend in part on an accurate selection
amonyg ithase indusiries 1o detormine which are the actual
mariket: whlich industries would actually *buy* (or could be
stimulated to buy) ex-house technology. T0 buy, in this
sense, means to wuse effectively the technoloygy transfer
machinery that would be erected. :

The industries selected determine specifically which

companies would be involved In developing the TTu
government~industry partnershipa. It is not possible at this
time io describe the government—industry interface

precisely, since that interface would depend upon a final
selection of industries,

The criteria for whether an industry ts a gbod prospect
for technology transfer are twofold. First, industry
members should dispiay the capability to absorb transferred
technolooy and generate an immediate iImpact in  thelr
industry in the {form of sugcessfully commercialized new
producits. This will depend on 3 willingness and abiliiy to
detine problem areas in sufficient detaily to {test tha
ubiquitousness and wagnitude of thesc problems among other
indusiry members, to work wlth the technology transfer
prouyream in developing Lechnotogles matched to the defined
problem, to commit to usé .these new products, and to
encourzue and assist supplier firms in the manufacture of
the new produst., The second criteria concerns the
industry!'s capacity to meet the lonper-term objective for
enhancement of a design and engincering capability
indigenous to Canadian industiry. This requires an Iinterest
in and willlnuness to work witith technical innovatlions,.

To applty these two major categorices of criterla and
thus select the candivate industries vwhich would participate

“In  the Initiation of the Canadian technolousy transfier

program, we usecd a two- siep process. He first met with
representatives of the nine Line Branchoes itn the Department
of Inoustiry, Trade and Commerce. In those Interviows, wa
queried whetnor that Line Branchts induustry aren shouid Le
copstderce y  under the lerms of tho criterdis estabiished, as
a candidate for tinal selection in tho scocond sticep. This
first step i1cesulled in ithe selcetion oi six indusibry areas
to be examined Iin the sccond step .

AL L Assoeiolen oo 1 ) —ly -
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These industfy areas wWere? ' : .
-~ Foods

& including both processing and commerclial farming
~= Chemicals
. © particulariy pharmaceuticals
~~ Efeclronics
- Transpart vehicles and maqhinery, touether
© particularly, forest-h;rvesting equipment
~— Haterials

& including both construction and the processing of
minerals

~= Hood _ - -

o pafticularly furniture and paper conversion.

. The second siep in the selectlon process was a s$er
of interviews with firms {rom the seloected industry aregas.
To a large extent, identification of firms to be interviewed
depended on the prior interviews In the Line Branches. The
interviews with firms resulted in a selection of i1he four
industry argeas ranking highest In terms of the two major
criteriae. They are foods {including processing and
commercial farwming), electronics, materials (ineciuding
construction and the processing of wminerals Jy and wood
{particularty furniture and [ paper conversionl. Transport
vehicles and machlnery tocether iparticularty
forest-hatvesting equipment) would aisoc be recommended,
except d{or the contingency that further informatlion is
requlred to make a determination in this case,

In the foods araa, there are alfready several
government—-industry efforts afoot, inctuding some particular
successesy Lo increase the uso of technology In  Canadian
firms. ¥Flrms in the elecironics industry seem prepared fo
operate as  an  tpdusiry and ono {lrm  Interviewod was
interestaed in govornment assistoanceo for the tftransfer of
technology. Impact in the construction Iincdustry {in the
materials areal} could In turn have an lwportant {mpact eon
GNP becausc of tho size of tho construction Industry. Alsaos
thore §is oo major proyran  already undervay to  male product
information more adcessible to that industry. Although not

Abt Assoclates Inc. S
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a sufficient condition Tfor successful technoltogy transfer,
Lthat capablitlily is a necessary one. Un the mincralis side of
matertals, -the - further processing of Canada's natural
resources is koy lo ils economic growth. Alscy there appear
to be strong Canadian flrms in this area interested In such
development, In wood, thern are aggrossive, medium~sijzed
firms in both paper converslion and Turniture who are
interested in the greater use of tochnology.

Abt Aussucintosn Inho. _ ey £y -
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3.5 Spgcial Questlong

This recommended experimental program is expoeccted to
deal with the four special questions posed in Part 11 as
follows:

With respect to the "not Invented here" syndrome, this
technology +transfer program would place in {its proper
perspective the question of. invention vs. the use of
existing technology: the use of existing technology
{vtransferring technology in") would be treated-as the first
step in an extended process which Is expected to lead first
tvo an increase in design and engineering departments in
Canadian industiry, then ultimately, to industrial research
and development units which are continuouslty involved In the
act of invention. In fact, industrial personnel routinely
read technlcal journals, attend seminars, and talk with
business associates: all of this leads industry to the new
use, albsit unplanned, of already existing technology --
1 e€oy to transfer technologye This gxisting but
uncoordinated practice of technology transfer should provide

the necessary Tfoundation for lnstitdting ‘a more planned,

coordinated program which in turn shouild lead ultimately to
a greater flow of inventiocns. . .

Specific objectives for the technoloegy transier program
have been establishsd in Part 1.7 These relate directly to
bullding a strong, distinctly Canadlian indusirial
infrastructure. Further; these objectives, 'along with the
ptans for the experimental program, are in terms of both the
specifics that industry requires and the general impact
desired by government. Conflicts 1In objective between
government and industry should be minimized since the focus

is on industry-wide problems.

The advocacy approach, i combination with the emphasis

"on personal involvement throughout, which are both key to

the success of this proyram; arfo directed -expressly at

~developing the strong commitmont required on the part of all

Individuals Involved. The advocate's roie ls directed at
developing commitment to program activities at each step in
the process =~ including commitment from company managements
in the beylnning, from an involved technoloygist taters and;
of course, continually increcasing commitnent from intended
users of the nuw product.

Abil Assoclales Inc., : ’ b5~
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Jloneyatlon in a fold Slimates IThe Dilerna of Canadlap
Mapufacinripg Report No. 15 ({ttawa, Canada: Science
Council of (antuda, October 1971}, pP. 5.

Arthur J. Cordell, Ihe Multlnatlopal Flro, Forelan
Dirpet lnpvestpeni, and Lanadisn Sclance Policy
Special Study No. 22, (Dtiawa, Canada: Science
Council of Canada, Decesmber 1971}y P 24,

Pierre L. Bourgault, Inpovatinn and ihsz Sirugture of
Lanadiap lndu=iey Special Study No. 23, (Ottawa,
Canada:? Science Counci] eof Canadia; October 1972),
pe 127 s

sumner Nyers-and Donatld 6. Marquls Successful Ipdusirial

Jnnovationa: A Siudy of Factoers Underlying
dnpoyafion Jn Selceied Flemae WSF 69-17,. (Hashingion,
ei

s Cul HNational Science Foundation, 1969).

Philip wright, *Government Efforts to Faciiitate
Technical Transfert: The NASA Experiesnece”, in Hilliam
H. Gruber and lonatd 6. Maraquis {eds.)y Fagltors in
the Iransier af JIechnologys (Cambridge, Mass.: The
KWIT Press, 1969),

Alok K. Chakrabattl and Albert H. Rubensteln, "The
Effects oif Tethno-Ecunhamic and Organizational Factors
on the Adoptlion of NASA Innovatlons by Commaercial
Firms in the U, S.", (Evanston, ltllnois: {pepartiment
of Industitial Enginvetring and Management Sciences,
Northwestern Universitys, 1972).

Poter McOuiltlan and Howard Taylor, "Sources of Venture
Capitatl ~ A Chanadlan Cuidoery (Canmdns The Departient
of Industry, Tradoe and Commarcel), p. 127,
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B. Ibidey P 135. This study shows a modian Investment of
$£185,000.

9. Segondary Manufagiurling Indusirles (Oitawa, Canada:
Market Analysls Branch, Uifice of Economics,
Pepartment of Industry Trade and Commerce, Cecember
}a?¥2t,y P 49,
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APPENDICES

Appendix A:  Jables

- Freliminary Hypothesis of Relationship Between

Aeogndly B Smople Problen

industry Areas and Technology Transfer Functions
(Grouped According to Area of Activity of Recommended
[Lxperimental Prouraml

2 - Summary of Program Specifications by Area of Activity

A - Sources of (Capabilities for'Techno!ogy Transfer
Functions (A), OUrganization (B), Expected
Benefiis (C}

B - Expected Costs (D) and Revenues (E), Measures
for Evaluation of Experimental Results (F)

Strtements
Durable Exterior Surfacing Materials
Fireprocfing Materials

Detection of Lead-Based Paints

ficcelorated Test Mathods‘for Materials
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Tahlah Preliminary Hypothesis of Relationship BPetween Tndustxry Areas and Technclogy Transfer Functions
(Grouped According to-Area of Activity of Recommended Experimental Program*)

; Area of ) tarting-up .
t
; ECrivigs . Manufacture
' s Problem- -
Technology Bpplications | Acting as the Exchanging
Matching and Engineering; Entreprencur's Technical
Screening Testing Advocate Funding Personnsl
X X X X
X X X X X
= X X
X X X X X
X X X X
X b X
X X X
X " X e
p ! X X X
X b4 X
X K T X
X . X X
i X X X
X X b4 X X
X X
X X X

* The grouping of functicns into activity areas is described in Section 3.1.2.2 beginning on page 33;
this grouping is also illustrzted in Table 2B, page 72,

- 70 -
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FECIFICATIONS BY ARSA OF ACTIVITYt

L

[

e i

Sourees of Canabllitina for Technology Tranasfer Functiong (A).

S ER EER OED EER ER B

'

8
. Organination (2), and Evpogned Denefit (C} .
’ | functioral Responsibllity I Rascurces for Performance * Organization Expeét.ed Benelit
! of Tunctlons :
- '
| Sea staff
3 5t Institutiona
irex of rungsion Capability Souxce gf :ig Professional Suppert E;:::::re.l ;rtcrfaced:
Astovity l'?..as': Perforsed required Capabilicy* Pages Tinked Sce Dace 1 . ’
i_—v—.a.:-.d Market TT¢ and Line
’ {antification)Rranch "
i Offlcers
|
i i
y ntifd = 4 .
'fdf_r'i lc/ E 3 & Increace salea, profits,
]Ig ":qu‘: ca . and expleyzent for
TR1L_5 1
SRS i1 reducT smIvey i Troduch E I and TTU 13 particlpating firze
i suTyav
s 1 Y T
i i Search E I and TTU 46 G
I 20 M0 a9
!I ‘ ! s/T -
o { - E .
E i
R K -
!' | -
i
i 45 .
b =
i | E —
1
! :
- . 3 52 ‘ Y
Znginesxing 2 I 51 30 15 /7 # Increase technologleal cepachty of
. - sozaller firss
» hggregate larger markets
: TTU - .
i
;| E 1 and T50 92 ] ® Increace the generation,
2 \ 1 - within growth, and proflrabllity
;! = T - 5 2 E 53 of new fizms
BE £
}1 : E I and 77U 352
i is ' : -
i -
i »
H -
I ;
FLuDInG i 'rroiect funling Funding EI 53 3 2 F 54 |
Fareme g Vot ‘_.E”)‘ A ) E Increase the initiation of szall
i suzply side technological coupanies
L] i
i!(ai: vatehing technical TTU - 2 1 5/T 55 e Increase awarenass of
i zevsernel with E ! indeserial needs in
I| industrial needs research operations
i
i
it ;
12
. r ; | ,
* T T = gyiszing Institutions currently pesforming technology TOTML 6 3l
transfer fupcrion
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Tahle 23 SUMMARY OF T

PROGRAA SPEICIFICATIONS BY ARFA OF RCTIVITY Expected Costs (D) and Revemvas (E), lMeasures for
Braluation.of Experinental Resulis (&)

[ SO PP PSR PREFIIPRRSERER I

i Expected Annual Cperating: Evaluation of Exparimental Results:
Costs Revenues Shorter—-temm Longer-term
(Five year Source Cutput Measures Impact MHeastures
rrea of Activity Average ) (NMumbers of: ) {In Tarms of: )
Watenhing and $£1.,000,000 $1,000,000 Rovaltiezs on Drohlems identified ¥ew jobs and profits generated
H Zoreening new sales Searches performed in smaller and nedium-size
; Demand/supply Canadian firms
E] natches made -
i ]
i 1,500,0C0 246,000 Retainer f & Retainer contracts Number and growth of design
é fees o New standards and enginearing units created
i promulgated in Canadien industry
3 ¢ Yew applications
; ' enginecred
; Acring as the 230,000 -0- e Entrepreneurs funded Number of new firms that survive
i Irtreavenzur's Advocate ¢ License arrangements beyond three years
§ " 4 : completed
i e Business studies
H : *performed
} 1
: Tunding 400,000* 250,000 | Intcrest » Deals oxamined , !
j O (later, o Companics started {as above)
: capital )
; .gain)
J
3 Zxcrenging Technical 10C,000 -0- e Personnel referrals Increased flow of people and
i Personnel : solicited and ideas between industry and
comploted research
|
TOTAL $3,250,000%" 51,490,000

A B ) ) (hverage othex funding reguired: $1,760,000)

*
1 . ! v
. -

* - zource of investment funds required expected to be a combination of govcrnment and private scurces

** - Soes not include $150,000 one-time studies cost

- 92 -
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DQBAELE EXIERIOR SUREACING MAIERIALS
A} Nead

Exterjor surfacing materiatls for buildings and other
constructed facilities are needed to provide lIncreased

durability, color retention, and heat dissipation In
compafison with current construction materials. Elther bulk
materials, laminates, or coating systems would be possible

candidates.

B) Backaround . g .

Uncounted miilions of dollars are spent each year In
clezning and resurfacing exteriors of buildings and other
structures. Construction materiails suffer soiling from air
and water~borne chemtcals and particulate mattery radiation
damage from the sun's rays. corrosion effects, - damage from
thermal extremes, and wear and erosion from natural and

man-made impacts. Corporate Images, individual or clvic

pride; or cost-effective maintenance procedures iead *to
expenditures of effort and materials (and thereby funds) for
massive amounts of cleaning, repainting, and refacing.

_ Dbviously, substantia!l amounts of moncy .could be saved
if new buildings could be constructed with highly durabie
extertor surfacing materials which wouid require little or
no cleaning and maintenance for a major portion of the
design ltifetime of the building.

C) Constrainis apd Specificallons

Environmental influences to be withstood include:

le Temperature extremes (~$O degrees .tc +120 degrees
Fole

2. Radiation from the sun.

3. Lorrosion from pollutants in tho surrounding
medium.,

Lo Erosion by wWind, raitng snow.

0]

. Woar {from normal trafilc and from extireme
treatment such as vandalisme.

Abt Assocliatou 1nc. -~
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&. Sotling frem absorptlion or attachment of alv or
gater»borne materials,

1

7. {oloy permutation.

Service liietlimes may rtange from 20 to ipo years;
environmental severity varies ffrom one geographic vegion to

another; so solutions which meet only a subsst of the above

specificatlons may be usecful.

D} Representatlye fvailabhle Lauipment
E) Relsyant Jechnology

Coatings for existinyg consttucilon materials would
perhaps provide the most rapid and cconomical approach for
neafr ranece improvemsent of durability. Such coatings would,
in addition to being stable in the service environment, have
tvo be compatible with the structural substrate. Vvarious
cementitious materials, metals, and organic materials are
currentiy used as portions of exteriors of - buildings.
Coatltings which wetld substantiaily improve the durabliity of
any of these materlals would be major contributions.

) Deveiopment or application of mnonoiithic materiais of
extreme stability in building extsrior use is an alternative
appreoach. Much glass has been used as exterior finish in
building construction in recent vears, for example; because
of tts innerent resistance to weathering. Reltatively siable
materials of this sorts wiih structurat properties as well
as a durable exterior, woulo provide atiractive atiernatives
to coatings.

Abt Associatoes Inc. . - Th-
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EIREPROOEING MATERIALS

A) Nead

Fireproofing materials of extreme stablility wunder
detrimental routine service condltions, as woll as in fire
sltuations, are¢ neaded. These materlals would be used to
isolate structural elements of bulldinegs trom potential fire
damage, but could be used as parts of structures (3
sufficient mechanical properties were developed,

B) Backyrgpund

Pubiic safety demands that structural elements In
certain classes of buildings be protected from potential
fire damage, to aliow +time for the building to be safely
evacuasted In case of a major fire. In structures usling
steel clements -~ columns, beams, trusses -~ such protection

must be provided by isolation of the metal from the
potential fire site, slnce steel loses strength and
stabilttty at the elevated 1emperature ieveis typical of
fires, This isolation Ils provided by sheathing each
structural meinber tn  an isofating tayver of fireproofing
material;, which pravents or delays {he attainment of

dawaging temperature levels In the.metais,

Dramatlc proof of what-can happen to structural steel
when subjected to intense 'fire heat is afforded by the
destructive fire which ravaged Chicaao's HMcCourmick Place in
January 1967+ Tnis mammoih exhibitlon buitiding -- 1095 feet
by 345 feet -~ was built in 1961 at a cost of $40,000,000,
In the 1967 fire, the uppar lcvel exhiblt arca of exnosed
steal construction suffered great structural damage -~
complete vcoliapse of the roof. Damage to ithe building
exceeded $20,000,000, and losses of revenue ran $300,000,000
por  year as rebuilding proceeded. Luckilyy the f{ire
occurred at 2 A.M.q when the bullding - was virtuatlly
unoccupied by peopie, as t{the roof coltlapsed within 20
minutes of tha first report of fitre, - -

Typlecal fireprocofing materials currentliy in use include
Portland cement ceoncrete, masonty mnaterials, gy pPsUmy
perlite, and vormiculite, and mineral fiber-based
compositltons. bGuiitding codes cloctate tne thickness of any
glven approvod material nsoded 1o offecct a coertain flre
rating, expressed In terms ol number of hours of resistance
to flre damage. Fire ratings of {rom one fo four hours are
typlcal, witihv fireprociing materlal thliceknessos on the order

Abt Associalosgs Inc. . _ =T



of one to four inchos,. Improvements in the application of
such tradltional firoproofling materlials -- as measured by
decreasing costs or increasing effectiveness «~- appear fto be
at a standstill, vYst life safety considerations are making
fitreproofing needs even mote siringent, 1t &s apparent that
new materials and Inncovative +techniques are required to
provide subsiantial improvements in flireproofing techniques,

C) (eopstraints and Seegifleatlops

For each metal, thefe are certain critleal temperatures
above wWhichn a structural elemenit canncoci be exposed and stitl
Fremaln structuralily safe. In stealsy for exampie;
temperatures above the 1000-1200 degree F. range typically
lead 1o substantial degradation of structural properties,
and at 1700 degrees F.y stee! canncot support its own dead
weight. The fundamenta! concept of fireprocfing in buitding
construction ts, then, 1o design and bLuitd 1he structure
such that this critical temperature cannot occur in the
structurtrat metal element within the design safetly period.
Maximum temperatures in flres often reacn 1700 1o 180C
‘degrees F.; and have been known to egxceed 2000 dedgrees F.

B EEE

s

3

?. Firepreoof coverings used 1o insulate steel from fire
4 must resist the destructive effects of a fire, and must aiso
resist doetrimental sorvice tnfluences. Any fireproofing

materfat must be durablte under conditions of normal impact,
Wwear, temperature changes, etc. HMoisture deterioration can
be particularly damaging, as condensation-occurs within
walls or around columns. {overings near the floor may be
subjecied {0 periodic weiting due to cleaning procgedures.

s I oo

Damage ¢osts in buildings which suffer small fires are often
hkloh due to extensive water damage causad by sprinkler
E§ _ systems. Thus, the ablilty of fireproofing materials to

wlthstand moisture effects is quite lmportant.

E . Placement of +the fireproofing material ctan be an

) impoertant cost factor. Factory-appliled fireprooilng would.

n be possgible, c¢xcept at Jjolnts, if the matorial were durable

? “enough to withstand shipping and handilng, Site applied
' techniques, such as spray.nygs ceuld provido economies.

Stnce  each Increment of ithickness of fireproofing
subiracts useful space from a bullding, thickness of the
g Ideal containment matetial shoultd bLe the minimum possible

' consistent with protection requirements,

Standard testis tor fire ondurancoe coemmonly In usa

L - Abi Assoctlates Inc. . o e F G
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- presented by intumescent coatings:; where Intense heat or
direct flame leads t0 deoecomposition of the matertal to forn
a laver of foam, This laver of foam then protects the

subject a protectad structural component to a glven
time—~temporature eaxposure which simulates an actual flre,
Parformunce ts deflined in terms of the period of resistance
before failure is observed. In a typtcal test pattern, air
temporatures reach 1000 degrees F. in 5 minutes, 1700
degrees F, In one hour, and 2000 degrees §F. In 4 hours.

One extremely lmportant consideration in development ofr
selection of fireproofing materials is any potentially toxic
emisslon under either routine service or fire conditions,
Life safety is the ultimate criterion in fireptooiing, 50
protection of the structure of a bullding is trivial if
toxic fumes from burning materiat have overcome the users of
the but!lding. A traglc nursing homs fire where many died
from toxic fTumes released by burning carpet underlaymnent
while the structure survived viritually intact;, dramaticallty
points up this life safely consideration,

Cost 1s generally an important factor imn construction
matertals, but overatl cost effectiveness duriny the service
lifetime is a more accurate criterion. Since ®economies of
volume production are difficult to project at the outset, i1

i suggested that ¢cost not be used to eliminate

possibillties unless its order of magnitude Is higher than
current materials, '

D) Represenitative Avallable Egulpmept
E) Relgyenkt Jechnolonay

Sevaral approaches to the provision of firepioofilng for

structural elements seem posslible. 0One approach is the
appiication of a coatiny or thick ltayer of thermal
insulation material to provide a barrier beftween five and
structural member, Such coatlings wmight be composites of

nore than one materialy where an outer flame retardant
coating or other tgnition hardening wmechantsm protecis an
tnner thermal insulation cover,. Anocther possibility is

substrate and proveants additlonal {lame spraad.

A second type of approiach would involve dissipation of
the thormal enerygy of the fire in tho vieclnity of structural
elonents. Ablative matertials, which absorbh areat amounis of
enefgy as they are consumed provide one possibility. Heat
sinks or vnorgy cenversioh by transplration or fHlin cooling

Abt Assoclatos Jng, , . e
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pfovide alternative possibiltities,’ v

v

The above discussion on posslible characteristics of
relevant technoiency Is meant to be tlitustrative, rather than
all-inclusive. There are many more areas of trelevant
technology which rmight alsc be suggested.

Abt Assocliales Tog.
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DEIECTION DE LEAD-BASED PAINTS
A) heed

A portable non-destructive testing device is needed for
the detection.and measurement of lead conltents in paint on
valls and wood frames in buildings.

—— el -

Lead poisoning frequently occurs accidentally in young
children from the ingestion of lead-containing paints, and
is often manifested by severe cerebral damage (lead
encephalopathy) or death. Some six 1o eight thousand
children from 1the ages of one to {our years inclusive are
currently suffering the effects of such tead poisoning in
New York City alone. '

Lead-based . paints were used in décades past for

interior finishes in housing and other buiidings, In older
buildings, fayers of such lead-bearing paint underlie

surface finishes applied at later times. A ghetto child
ingesting f{lakes of oplaster or other wall material, or
cthewing on a window or door frame, can accunmulate dangerous
levels of lead in his blood systemy

If{ suspect buildings could be readily tested for the
presence of lead-containing paints, detection could be

followed by removal of the dangerous materialss No

portable, appropriate detection system for In sifiu lead
detection is currently available for this purpose.

C) Lonstralinits ang Specifications

A detection sysiem for determining the presence and
amcunt of lead in paint substrates should be
non-destructive, portable, readily operable by semi-skilled
fieid investigators, reliabie, and accurate. 1t should not
require elabourate power input; shielding, or interpretation.
1t sheuld be dircei-readinyg, rapid, and capable of testing
individual suriaces within a room. The deitgctlon systen
need not be simple in principle or in operation, as long as
output to the operator is simple.

Abl Assoclatues lnco. ' ~HO~
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E) Relevapt Technoloay

Several techniques are currently empioved for the rapld
Identification of metals:

e, |
)
[

L]

The shape and color of sparks In spark testing.

The behavior of the material in a controlled

.‘,l 2-
3 flame.
- 3. ¥Het chemical methods, eiither performed dlrectly on
) the surface or with & swmail portion of the
- sample dissolved In the reagent.
§ 4., Coloration of a coating due to the uptake of metal
. fons.
= 5. Speciroscopic methods, such as emission
spectroscopy, x-ray f{luorescence, and atomic
~ absorptlon, -
£ :
] 6. Electrical methods; such as eddy current tests, |
e thermoelectrical tests, and electroconduciivity. |
u. it is hoped ihat one of these techniques canm bo adapted to
the problem of lead detegetlon In palnt substrate.
B
e
®
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A} Need

A short-duration test method for determining the
sujtabitity of materials for long~duration functions In
bultdings. An evaluatlon of the long—-term fire resistance
and the changes In appuearance are needed in addition to that
of the mechanical propoerties.

B} Backsround

New materials with =an apparently high potential for
building construction are contlnually appearing on the
sgene.,. Responsible manufacturers subject such materials to
exhzustive tests spanning,  often, ten years, before
reteasing them to the market. An example Is DuPont Tedlar,
a plastic coating for exterior siding and sheaihing which
wasy, according te the manufacturer, given ten-year exposure
tests in all anticipated c¢iimatic conditions, and which
survived all tests uwithout deleterious effects before beling
released. '

1f the success of {hese tests _could have been
antlcipated a2fter; say, a Yeare then bullding construction
which steod 1o gain from use of Tedlar would have had nine
additional years of [(ts use. Furthermore, .1its. cost would
have been reducad, partly because nine years of testing
would have been elliminated, &and partiy becausc the momentum
of the Initial development could have been maintalned Into
the manufaciuring stageo. .

A further sorious effect of the need for long-duration
tests is that Innovation 1In bullding materials must
virtually boe restricied to large, well-ostablished flrms.
No one could conceive of creatling a company on the basis of
a discovery of a new materlal i1 the company could do
nothlng for ten years but try to Jind weaknesses in 1tti.
{Ana the industry could hardly be surprised i{ the resylts
ware found to be entireiy f{avorable at the end of the

trial).

{n the other haondy ihe resuits of the premature relfeasoe
of materlals which later prove to Lo unsatlsfactery ace
far-reaching and socvoere. For oxaiple, there aro many
matertals, and fintshus for matorlals, which aro introducod
and sold wilh the clalm that no further m&intenance In the

AbL Associates Inc. ' e
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form of painting or corrosion protection will be needed. 1If
such corrosion protection Is later found 1o be neoded, not
merely wunforoseen costs, but possibly danger of structural
collapse, might be Ilnvolved. Anclther example s of
materials which, when new, rasist the spread of fire by
evolving a vapor of gas, ¢giving a blanketing effect. Tho
loss of this property over time couid, obviously, have very
serlous consequonces.

C) Lonsiraints and .iagaiiigaiim_\,ﬁ

Tha tests to be made should determine In =
comparatively short period =-- a month to a year +-- 1the
properties . which will be found in the material in Tive fo
fifty years. It is to be assumed thats when properties show
a varlation with time, that thoey do so monotonically wilth a
decfeasiny rate, as in the curves a and b in the skeich.

Property

Ve
s p Ll

-

The properties of some materials go through a maximum
of a mipnimum, curves ¢ and dy as, for instanco, does the
strength of some poliyurethane foams during polymerization.
However , these maxima and minima oceur. So far as I8 known,
always within a period of minutes or hours rather than
yaars, and are not Jlkely 1o be & disturking factor In
makling long~term predictlions.

Here Is an incoemplete 1ist of propertles which are
needed at lteast as -~ {functlon of tempoeraturse and somatlimes
as o function of anbicnt nodium-alr ({7 so; Nhumidity may be
lmportant) s sull (characteristics), water {salinltyl): palnts
and so forthe. :

AbL Assoclatus Inc. ' (33
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2e Softening temperaturee.

Electrical

0. Density.

some materials

Strength:

"Kany will be of

Uitimate tonsife strength.
Yleld pointy 1f any.

Limit of proportionallty (perhaps io 5%
excess strain}.

lmpact {1zod}, notch sensitivity.
puctility, elongation at rupture.
Shear.
Fatigue

Creepa.

Meltiny temperature.

4.. Bubble point.

Ignition temperature.

P
L,‘. 5. Fiash polnt.
1\"" 60

. Solubllity and reactivity to various reageihts.

Color fastnesse.

properties: resistivity, dielectric

r i : constants, etc.

11. Yherma!l conductivitiy.

for any given materialj
alr-condlitioner

littte tmportance:
- for instance, a new

workling f(tuid -  Will regquire many properties net listed
[ here.
fﬂ 0) Represepintiye Ayallahle Egulipnent
i
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E) Relexani Jegchpeloay

in osrder to devise methods of accelerating tests, the
; mechanism producing long—~term changes in the properties of
each material or ciass of materiais needs to be understood.
To accelerate the testy the mechanism would obviously be
intensified, for example:

E'!?:
1. Diffusion process -~ for instance, +the loss of
? plastiiclzers in plastic materials ~— is probably
A diffusion limited, 2and the rate of diffuslion
might be accelerated by increasing the pressure
? gradient ~-- testing in a vacuum ~-- or increasing
4 the temperature of the material -- or decreasing
: the resistance to diffusien by operating on thin
j films,
2. Chemlcal attack -— the strength of the reagant can

be increased.

e

§ 3. Component sotubliiity =-- +thin-film specimens and
_. possibly forced-convection mass transfor.

Therma!l fatigue ~-— mechanical fatigue strength can
be measursd and thermsal fatigue effects
calculated from other properties.

o)

Be Ultra-violet fadiation -- increase the itntensity.

E" ° ﬁi E . -4

6. Creep under steady lcading =~ lIncrease either
- ' leading or temperature.

e

7. Crystal growih ~—- increase temperaturo.

-

8. Corrosion -— test properties of corrosion products
for adhorence and s¢ forth, and make theoretical
predictlions.

i3 3

This list Is again highly incomplete, but iliustrates

_ the type of approach which can be used. However, {inearity,
3. or tho absonca of interaction effectsy has Dboon assumed.
] .

0
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Obvtousiy, the ralsing of =a test temperature to Increase
crecp lpading, for tnstance, will -bring about a number of
other changes wWhich may help to mask or confuse the primary
effect.

;1_0&/*’—/7
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