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Mcdern industiry cannot exist without constentlyv develoring new
and imoroving existing technologies. Such activity is normally referred
to as the 'research and develorment (F and D} function'. It entails the
develooment of improved and new rroducts, of imrroved and nev brocesses.
of improved or new materials used in products ané processes and of new
and improved techniques needed in the manufacturing process, such as
analytical and quality control methods and related eguipment. But is
this type of innovative activity really "reseerch”? What is the
difference between "research’ and ‘development”? What is "applied research”?
It is important te clarify the concerts involveé in order to understand

the research and development activities industry should be involved with.

Perhaps the best definition of the issues involved was given by

Professor Eric Walker. president emeritus of Pennsylvania State University.

during en innovation conference in Philadelphia:

"Research and develomment are twc aouite different thines.
Rescarch is the nrocess bty which we increase our basic
knowledge. Pure research or basic research is done without
any concern about the use vhich~might be made of the results.

Avplied research is done when one finds more information is
needed to continue a develorment programme.

Develovment isthe kind of thing that industry does. Indvstry
has an end result in mind before it begins to develco.
Develorment, followed bv the engineering design of a produ-t
and the engineering desien of a manufacturing system, brinss
new goods to market.”

Trdustry then should be inveolved with mainly technology develoomert and
apnlied research. as defined above. always with e cleer prectical goal and

ctiective in mind.

Cince R and D costs money. it must be looked upcn by management as an
investment. wherebv the vrinciple ¢f 'return oun investment' must alsu arcvlv.
Conseguently. much effort he. been extendeé ir rracticelly all industrialized

countries ¢ studv *he manasement ¢f the P ané T function i%4sel< and the
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reraticns. heov teo Initiate, control and
evaluate nrojects or how tc determine the ccst effectiveness of P ané D
activities. Pather. this Taver Zescribes scme new knowledge gained

on another very imrortant asvect of industrial F and D. namelyv its role

in technolosv transfer.

Industrial comranies not only trv to develor their own, intermal
technologies, but also must be able to take advantage of technologies
developed elsewvhere and utilize these to their advantage in order to
remain competitive. The issue here is not licensing, but the activity
of following develomment elsewhere in the world and picking up those of
interest and applicability to be introduced within the "home company”
without resorting to licensing. This is an important task and much of the
industrial R and D activiiy is of this nature. The best examples ere the
very new, fast moving cechnologies, such as computers and electronies.
where this is easily observable: as soon as, say. & Japanese company hears
or reads of & new develommeni in the USA. they immediately trv to —evroduce

or even improve it on their own in their own laboratories and introduce it

in their operations. Naturally. this applies to other, "less visible’
industries as well. This process, which is essentially a technology transfer
activity, is therefore extremely important for advancing industrial technology
all over the world and, by its neture. of critical importance to the

developing countries.

The purvose of the rest of this paper is to describe recently
geined knowledge on how this process works, particularly the role and
nechanism of flow of technica’® and technological information as it relates
to the transfer of technology., the mechanism of communication, organization
02 P and D activities. and the role of the human element in the proareision
and maturing of F and D prolects. Most of the work and studies described
telow were carried out at the Slaon School of Management of the Massachusetts
Institute of Technoleogy in industrial corvorations in the USA. and might .
not be applicable in all its aspects to the 3esveloping countries.
Nevertheless. much of the findings are o1 seneral nature because it is

bused on human btenevicur, and because ''people are peonle’ everywhere,




The followirg is ptased con the rroceedines ¢f an Inlernationel
Ceminar on Managerment of Pesearch snd Tevelorment which the writer
attended as an invited lecture. and as a2 rarticivent. This surmary iIis
+he essence of two weeks of lectures ané discussions ané is based on

the writer's notes.

A. Bringing New Technology t0 R and D and Keepinz

the Organization Abreast of Current Technology (Prof. T. Allen

of MIT, Sloan School of Management)

Research has snown that new information needed for solving technical

problems comes to the recipient individual mainly from other people

(appr. 90%), through personal contacts. - Only about 104 comes from

published literature through direct reading (highest in chemistry,
appre 40%). The largest portion of new ideas and information comes
from outside the organization (appr. 70%) and only atout 20%

from within the organization. There is now consisient evidence

that the better ideas come, however, from inside the organization.

This inciudes new product ideas which turned out to be successfal

(90%) in the market place.

Constltants hired from outside show™ronsistently poor performance

in coming up with the ideas to solve specific problems. This then

brings up three questions:
(a) why do outside consultants show poor performance?
(v) why are "inside consultarts ' not used more frequently?
(c) how can new ideas be brought more effectively into the

firm?

One answer to the above is that technclogy is organization-specific.

One can actually talk of a company's "technoloxy culture”, The consultant

usually does not have the“*feel" for this compainy-specific technology

culture, and as an outsider he does not understand the problem.




It has been fouud repeatedly that when 2 consultant is utilized often or
over a long period, he begins to undersiand the company and he

becomesg effective. 1 ith a new consultant the exact definition of

the problem is absolutely essentiel for success.

The present ‘general situation for utilizing inside as sgainst

outride comsultants in US indusiry,is shown in the following table:

Consultant L.e Performance Cost Benefit
Ingide low high high
Outside high low low

The recz=>n for this situaticn (in the US) appears to be the fact
that not enough credit is given to "a.sist" provided by inside consultants,
as the credit goes only %o the technologist who works on and (
"officially" solves the problem, irresrective of who has given him 1
help, This is, therefore, a management problem and it can be
overcome through properl} fine=tuning the "work atmosphere" of the

organisation,

Using a weekly communicatiorn questionnaire, the communications
patterns of organizations could be determined wiih impressive accuracy
(i.e. this does not only apply to R and D organizations, but to all
organizationj, the following very interesiing facts were found
repeatedly and consistently:

(a) there are certzin individuals in R and D organisationa

who are high communicators, and they play an iagortaut role;

(v) high communicators were high performers; -

(¢) high communicators were consistently high readers;

(¢) these high reader—commnicators are frequently consulted

by their colleagues for obtaining infermaticn;

The conclusion s that publithed literature indeed nlays a most

important role in the innovation process, btut the information is

digsipated through "carriers" or intermediaries incicde the organisation,
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t was also found that similar cemminicaticns patterns

exicted btetween diverse organizations, with informction coming in

from the ocutside:

(a)

(v)

those consulted on the cutside were z11 high eader -

kL igh--communicators;

the receivers (information seekers) were also high

reader,. high communicators.

Such high reader- high communicator types, are called

*gatekeepers" (referred as such in the literature), and are crucial

members of the organizations as technology enters through them. They
are in fact "translating” the latest technical literature for "general

digestion" by the rest of the members of the organization.

Gatekeepers have 3 main characteristics:

()

(b)

they are top technical performers and recognized as

such inside the organizatien, (i.e. only such hiéh calibre

people attract others for their advice).

they tend to be at the bottcm of the organization - a2t the

bench level or at most at the first suvervisory level.

(Thie fact underlines the critical, very imporiant role of
firyt- level technical supervisors. When these are promoted,
they ce..se to function and are destroyed as gatekeepers.

Not even "dual iadder" revard systems help, since the non-

‘managerial advancement does not provide the cdecision~-making

power that satisfies the individual. This is a try at
simulating the academic world inside business and it does not
seem to work).

thev are visible (A note of caution is important here, in

that the promotion of “pseudo gatekzepers" (i.e. inside
"politicians") has a disasterous effect on stoff morale,
because they xnow and are keenly aware of the real performers
and ga.ekeepers, One way of differentiating the real from
the "prendo" gatekeepers is by the mumber of publications,

patents and hooks; the late: cften lack these.).
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It was found that gatekeevers “end to cluster topether and keep

close contact with eazch other, 'This means that there exists a very
strong "4technical oligarchy" at the botton of the organization that

- unbeknown to management and to themselves - control to a great degree
the technological destiny of the company! They in fact have an enormous
"underground" power and influence on the company's operations and
success. A meaningful solution still used sparingly is to group the
gatekeepers into formal organizational units (i.e. task forces) and

have them officially advise management.

Be Orgasnizin for Fffective R and D and Alternative Organization
Structures zT. Allens

Comzunication is the common, most important denominator for an
R and D organization, and good communications within the organization
and with the outside world is essential for success. The organization,

therefore, should be such that all types of communictionr are facilitated.

When looking at the functional units in R and D o: -anizations; these

are often organized along the lines of the nature o“ their work:

research (feasibility, exploratory)
develovment (advanced development, commercialization)
technical services (to sales and manufacturing)

It was found that, as the rate of the ouiside technological
enviromment changes, the rate of communication of the technical service
functions with the outside world also increasese Strangely enough,
the exact opposite is the case with the research functions. (Egiﬁﬁ
the "rate of environmental change" is subjectire, determined by

"concensus measurement” within the organization),

By plottiug the "mean level (i.e. average) of cummunication
with the oulside world" against the 'rate of evvirormental change",

technical service shows a rising curve, while 12search a declining
one., when the "variance in outside communicaticns" (i.e. the
difference betweer the communication “evel of 4%e lowest and highest
communicaters) is plotted against the "r.te of envirormental change",

the curve for technical scrvice rcmains flat, vhile for research




rises steeply. The explanation for this is that in technical
service everybody increases its level of communication when the
outside technological environmen® changes, while in the research
funciions mainly the gatekeepers react and, in their expected role,
increase appreciably +he level of their communication witk the
outside world, (This in essence means that the technical service

function has no gatekeepers or that everyone acts as a gatekeeper).

The development of gatekeepers in the organization is,

therefore, essential. Since they are the high performers they have

to be promoted as a reward, even if their rsefuiness as gatekeeper is
destroyed. They must, however, be replaced. It is necessary,
therefore, to spot early future gatekeepers. Although it is not
fully cleared as yet psychologically just what makes a gatekeeper a
gatekeeper, they are easy to spot by experienced R and D managers.

The gatekeepers have two distinct roles: one inside the
organization and o1t involving the outside worlds Communications with
the outside are inherent to gatekeepers and is difficult to influence.
But management can help in developing the inside communicating role.

It takes 2 years for the {ypical gatekeeper to reach a steady level

of cammnication after joining an R and D organization. This is far

too long for economically not fully utilizing his talents, and management
should strive to shorten this period.

There are 2 key determinants goverring internal communications:
(a) physical location
(b) work interdependency (i.e. the degree to which the nature of

the work requires inputs by others and co-operation).

It is important that the new employee iz placed into a location (i.e.
laboratory, office), where he/shecan and will have to interact with high-
commnicators, through whom he is brought quickly in contact with others.
It is generally very advisable to put a newcomer into a position that
will facilitate hiz quick absorption by the orgarization, irrespective of

whether he will or will not turr out to be a gatekeeoper. Research has




definitely proven that the cffect of the initial period cf 3 pew
employee in an organization is more imporiant than any other factor
regarding his attitude toward his work and the company. Several

major cstudies have shown that the single, overriding common factor was
the rating of the initizl job assigrment. Those who rated their initial
assigument high, were to btecome high performers and stayed on lorg

with the company. The key ingredient of the job assignment was

found to be “challenge".

It was found also that "task significance" (i.e. job satisfaction)
paraliels the " esire for autonomy" during the entife employment
period of an employee, except during his initial 6 = 12 months with
the coﬁpany. This indicates that, while the new employee wanis a
challenging assigoment (to enable him to show what he can produce),
he is not sure of himself in the new setting as yet and wanits guidance
until he feels integrated into his environment. It has been shown
that too much autonomy given to a beginner (just out of school) can

cause extreme high levels of anxiety.

The organizational form of R and D,” toth structurasl and physical,
has a2 major effect on overall performance. The "normal" organizational

types are:

(a) functional (people grouped together based on their specialization)
(b) project (people grouped togeither by tasks and work objectives)

'(c) matrix (a "mixture", or superimposure of the above two).

In addition, the so-called "informal organizationzl structure" and
the actual architecture of the physical facilities and laboratories

are also important.

Functional organizations work well as long as the major part of

the work is ccntained within a single functional unit (department, section).
Wher an interdisciplinary approacl iz needed, the classical functional

organization runs intc protlcms. A3 a result, the project organizeation of
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R and D hac developed where all the inputs (..e. pcople) and specizlizations

reeded for the task are contained within a single organizational unit,

An extensive study of 39 large-scale (US $ 6 million or more) and
long duration (4-5 years) projects measured the performance of the
administrative and technical staff as regards achieving technical and
cost-schedule objectives es a function of orgenization structure., It

was found that:

(a) administrative personnel orgenized on project basis
performed better in respect %o cost-schedule performance;
but their organizational structure had no effect on the

technical performance;

(b) technical personeel on the other hand performed better t
when organized on a func:cional bagis; their organization :
structure had no effect on cost-schednle performance. %‘

The above suggests that the nature, size and expected duration

of projects should influence the organizationa! structure chosen:

(a) for short duration (large scale) projects, where cost—
schedule performance is particularly critical, a project

organization should be the preferred choice;

(v) long duration projects, on the other hand, suggest a
functional organizatidn for best results, as the technical
performance will be the rate determining step. The opposite
is an often observed practice. However, as short duration
(albeit large-scale) projects are carried out by frnctional
organizations, and project organization is set up for long

duration projects.

The matrix organization, (not explained further here) is successfully

employed by many organizations, although there are numerous cases of

failures ac well. The csuccessful mashing of project managers with the
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Junctional marnagers, is the key. Since this ic a persorality problem
in many instances, the key individual, 2n +vhom the success of a

matrix organization rests, is the top R and D manager who musi be able
to minimize perconality .onflicts common to such "intermeshing"
organizations. It siould te noted that the relocation of the

project staff within the basic functional organization after the project
is completed, is of*en a genuine problem that-needs careful planning

before the project terminates.

C. Architectural Design of R and D Laboratories (T. Allen)

The informal R and D organization is essentially a "communication

organization" (metwork). To utilize fully the human resources of

a company, communications must be increased and made easier as this

is essential fcr disseminating the knowledge among the variouérunits

regarding their (technological) capabilities, and this can be achieved

only through direct contact of peorle. Studies have determined that k
the degree of communication between R and D and other departments

(1.e. Marketing, Production, Finance) is directly preportional to the

number of people transferred from R and D into the other departments.

(Qgigj it was fourd that,as a rule, reverse transfer into R and D

from other departments is in most companies insignificant.) The often

occuring problems of R and D with Finance is the result that practicaily

nobody ever trarsfers from R and D inio Figance or vice versa.

Ano*her interesting finding was that the "high status" group.

(i.ee Ph.D.) communicates extensively with cach other while the low

gtatus group (degree, but below Ph.D.), does not. The lower status
group directs its communication towards the high status group, an un- .
desirable trend, a3 it tends to cause the disintegration of the
low gtatus group. This has to be counteracted as there is need for
active communication within the low status group, as well, since cften
knowledge on "down-to-earth" aspects of technology are 1>cated here.

The elimination of status symbols (i.e. room size, desk size, furniture,




drapery, etc. is importznt as it strongly influences (negativel
¥y 1 I cLY Y

the level of communicatinne

The physical locatinn of pecnle and their r~lztive distance from

each other has a crucial effect on communication. It was shown ihat

the level of communication decrezses exponentially with the straight
line (radial)'distance, and it app.oaches an assymptote. ~t was
found that in R and D organizations the degrec of communication was on

the average at the low assympto:ic level at a distance of only 50 meires.

Yarious physical and other factorz can lower or raise +he curve and
the assymptote, but will not change the . hape of this (cmmunicatioa-
distance curve. For example, belonging to the same project team

(i.e. project organization) will raise the curve (i.e. level of
commrication). The ssudy of 15 major invent:ons has shown that

(a) tue gatekeepers play a key rule, and (b) the key information pattern
for precipitating the invention was practically superimpeeable on the
overall communications pattern. (ggigi. all that was said until now
about communication relates only to direct, face-to-face comminicztion.
Communi-ation by telephone does not have the same "band wicth" (i.e.
deyth of idea interchange), and it is mainly used t> arrange direct

personal meetings).

From the above follows that long linear or H or l—chaped buildings

are bad for communication. The R and D building should approximate a

square or a circle to tring people as close as possibie to each other.

Tall multistorey buildings are very bad for communications., A four—

storey building appears to offer the best compromise between eare of

communication and economy of construction. Escalators are excellent

for communications (but expensive), while elevators arc bad. Wide,

centrally located staircases also aid communication, while narrow
stairs at ‘ue end of the building (safety stairs) are useless. The
strategic location of common facili.ies (i.e. cafeteria, coffee machins,
library, computer room, estore room, etc.) also helps improving

communicat‘ons as pecple have a chance to meet.
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errins Technolomr Irierr-+i-rzily (T, Lllcn)

—— .

Until now the cquestion of revement of information incide
the firm and from the outside into the f£irm was dezlt with and the key

role of the gatekeepers identified. Concequently, the transfer of

informaticn (4echrclops) or the international scale was also

investigated in a single country. _Ireland was chosen as the country

for severai reasons: language presented no problem for the
investiga.orss a grant was available to finance it; and the country

is not too big thus easy to survey. (Note: the case of Ireland is
particularly intere ting <o study since in many respects Ireland can

be considered as a develeoping country in respect of industry.) The

study was rather exhaustive as about 80%Z of 211 R and D establishments in
Ireland were covered. The result was that the gatekeepers were

also found here and identified, just as in US R and D establishments.

It should be noted that the stud» concentrated on identifying how

technologies from outside Ireland were brought ints the country.

Among all the personal characteristics of the Trish gatekeepers
that were studied, such as the country of education, post graduate
training, industrizl experience, etec., only one ccmmon characteristic of
all the "international" zateckeepers was identified: they all had

extensive foreign work exverience in industry. This was the only

difference that separated them from other internate . gatekeepers.
(Bate again: foreign education did not predestine axyone to become an
international gatekee er:)

The effectiveness of the foreign gatekeerer (i.c. level of
commnication) naturally decays with time, albeit slowly, but it can
be reactivated through new foreign exposure, such as attendance at
conferences, meetings, trade shows, etc. It was also found that most
of the successful Irish gatekeepers reglarly maintained a strong interaction

with one or more gatekeepers in their work-experience country.

The study wac extended to institutions (universities, R and D
ingtitutes, fairs, etc.) to identify from where the information and
new idezs came from. The Table (page 12) shows some surpricing resulis: a

conrideratle porticn of new technolory naturally came throush subsidiaries of
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transnational ccrroralicrs opersting in Irelend (first lire in

tatle under "pzorent Tirm"); the higgset porii-a, however, came

from foreign ccmpanies within the same indusirial secicr ( not operating
in Ireland, thus no sccrecy caused Yy competitiez), aud from foreigm
vendors catering to the indusiry., It is a 1ittle_§istressing to note
that the contribution of universiiies was nil and of government

R and D institutions miniccule (2%). Even industry associations znd
trade fairs performed btetter (4, 7%). (Note: <the above has obviously
major implications for the developing coun*ies as .11 as to any
technical assistance programme. The methodology of the study could
now easily be extended to developing countries, and it might be very
valuable to carry out such studies to determine the pattern of the

inflow of technology from abroad.)

The definite conclusion is that, in order to move (transfer)

technology people also have to be moved (transferred). This can

be either done by first "moving" individuals of the recipient countries
to other industrialized countries, to get gemuine work experience in
indugtry there, and then move themn back again thus have them act as

the country's international gatekeepers, or move people into the
recipient country together with the technology for a considerable time,

This, in fact, it what transnationals are.doing..
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CrICIN CF TIE I:\CXEBER OF PER CEEKT
IKFORMATION MESSAGES OF TuTiL
Parent Firm 10 9.3
Domestic 2
Foreign 8
Firm within the same industry 3l 29.0
Domestic 1
Foreign 24
Firr in a different industry 3 2.8
Supplier or Vendor 32 29.9
Domestic k|
Foreign 29
Tustomer Organization 6 5.6
Private Consultant 5 4.7
Covernment-Spongored Research
Institute 2 1. 9
Other Domestic Covernmmert
Agencies 4 3.7
Universities 0 0
Indus4ry Associations and
Trade Pairs 5 4.7
Trede Magazines 7 5e5
Profesciongl Journals 2 1.9
TCTEL 107 100.0
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E. Proizct Selection Plarnins zni Centrol (Prof. A, FPearson, Manchester

Tmiv., Editor of R and D Management magazine).

. The purpose of R and [ (derz~tment) is simply to provide support
tc the orgenization through the provision of technology to make it
easier to achieve its objectives. It should be always remembered

by R and D managers that achieving company objectives is also R and D's goal.

The logical sequence assumed to operate in R and D ist Dasic

recearch leads into applied research leads into development leads into

pilot plant deQelonment, etce But in practice thisg is not true, Some
projects that start out as a purely developmental exercise suddenly lead
into very basic research because some fundamental questions arise,

Research and development is a continous-loop feed-back process.

For the efficient utilization of manpower, it is of advantage
if well planned work programmes are established for the organizational
units (departments) and subunits (sections) that are comprised of a
mixture of long-term and short-term as well zs researcn (feasibility,
exploratory) and development work.

For evaluating projects to establisirR and D priorities the
“check list" approach listing various factors influencing the decision,
is very valuable. Next to general points reflecting on financial
desirability and probability aspects, it is essentizl that the check
list also contains elements that are specific and important to the company.
Literature on this subject is extensive and elaborate.

’ F. Stretegy Formulation (Prof. B. Quinn, Schcol of Business, University
of Maryland.

The role of R and D is often critical for the development of
business strategy, and it must be clearly defined. (The mechanism on
how to develop such business strategies was demonstrated with a case

study, whereby the integration of the R and D into thc straiegy was




stressed). It wa= shown iihat ihe fellowing aspec’s are of pariicular

importance:

(a) the cverall comvary stratecy has a critical effect on R and D

inputs and individual project priorities; these iricritiecs
cannot be based purely on financial considerations (i.ee

return on invesiment);

(b) first, the macro strategy and the required R and D inputs

fcr each macro component (e.g. product line; geographical
area; new veniures; licensing objectives; etc.) has to be

aetermined;

:¢) after this is accompliched, prcject priorities, i.e. micro
strategy, for each macro component have to be determined
geparately. KEven a non-profit-making product line or
venture needs R and D support if it is puicwed within the

framework of overzll company strategy fer whatever reasons.

(Note: this lasi point is ofien not understood by the
financial functions of the compary, who tend to put all
projects into "one pot" and determire priorities for the
entire project portfolio on financial considerations only.
This approach has to be resisted and avoided, otherwise the

R and D stategy will not fit with the overall company stategy.)

G. Critical Punctions in R and D (Prof. E. Roberts, Sloan School

of HMenagemernt, MIT)

The "criticzl functions ana.ysig", a relatively new concept

assumes that of the three levels of R and D functions, namely (a) top .
management, (b) middle level of management,and (c) the research

personnel (i.e.'"troops") top management in reality concerns itgelf

with other matters than its principal functions, nemely R and D policy

and strategr formulation, personnel management, conflict resolution,

etce In fact, these genuine manzgement activities consume only a
sm2ll part of top managers' tire ag organi-ations rormzlly "run themselives”

based on precedents. But top manzgers perform otacr types of nen-
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manegement R and D functions that are critical o the success of

R and D operzticns, Trese other funciions are to z large cxtent non—
formalized functions that zre impertant in the lifecycle cf projects.
All these different funciions nzave teen recognisced and studied in

the past, but looking a2t their role in an integrated fashion is what

"eritical function anzlysis" is concerned with.

The critical functions in industrial R and D are the following:

(a) +ihe creative scientist or ensineer - these are the bagic
prublems solvers who regularly come up with new technical
ideas;

(b) gatekeepers - at times also doubling as creative scientists,

stay mnformed and relay information to their colleagues in

relation to their problems; it should be noted that there

are also "market gatekeepers", who perform the service of

advanced market informaticn;

(c) TMentrepreneur"(internal to the company) - a pusher of ideas,

enthusiastic individuals who general.y enjoy development

work as opposed to (basic) research;

(d) project manaver - organizer éf'multiple inputs and comtributions;

~ sensitive to people; enjoys decisioa preparation and decision
making;
(e) sgonsor - from upper levels of manerement, but not direct

supervisor, rather from other functions (i.e. sales, production,

etc), who believes jn the idea and helps the'entrepreneur"

to move his idea ahead; these are usually senior, experienced

individuals who enjoy helping others.

There exists no definite test to predict creativity. But it was

fornd that people who recosmize problems tend to be technically also

more creative in solving them. It was also found that a mixed work
environment, where the same individual was carrying out research as well

ag development work in various fields, incresses creativity.

The entireprencurs (idez exploiters) are on *he oiher hand quite
diffcrent from the idea renerators (creative prsblem solvers). It was

fourd that in the US {and Wectera cociety in gercral;  other gocietics
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were not investigated) +ihe enireprencurs tend %o e first horn

sons, (sueh as All US sutacrine cemmanders in Werld war II). The
eutrep_eneur iz essentially an idea pucher and his character is
determined %o a great degree by his culturai background. (For details

"see the book of McClellan titled "The Achieving Society”, Van Nostrand.).

People with this entrepreneurial character are zlso essentizl ingide

companies because these are who convert ideas into practical use. One

of the characteristics of such "idea exploiters' sr entrepreneurs is
that they are much more aware of potential financial support than
others within the organization. The availabiiity of such "idea pusher®
inside the company are critical for transferring technology from R and

D into practical use, either to the market as a new product or into
mamufacturing as a new process. (Note: it is possible that the

same holds true for transferring new ideas from one country to the other).

H. Dwynamics of R anabAllocation (E. Roberts)

Technology development passes through definite, distinct phases:

(a) the research stzge - difficult to measure or evalua‘e
as it is very intangible; it 2lso tends to be of long
duration, low-input rate activity;

(b) once a research idea has been proven feasidle, it moves
into the develooment stage - this phase is much more tangible,
measuratle and is also usually much more costly;

(c) after éuccessful completion of the development stage,

it moves into the commercialization ( advanced development,

pilot scale stage - this is naturally the most tangidle,

measurable and costly ztage. '

There is a definite "pull" of R and D funds resources and people
towards the development and commercialization activities as these can
be easier measured and justified. Because of the difficulties involved
at justifying R and D activities 2t the research etoge, in many companies
true research activities are nen-existent znd mecst R and D work starts

at the develcpment stage.
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Tais drawing power of the "dcwm® giream” sizfes of K and D aciivities

is most importznt to recognize, beczuce its e main cause of "cyclizatiez",
' meaning that by the vime the commercialization of a major new development
is ~ompleted, most of the R ard D rescurces are concentrated there and
. research becomes "bare", with no new development ccming along. At thiss
point tke redeployment of staff into research has to take place in order
to generaie new ideas for future business opportuznities. (Actual case

example:  the Polaroid Corporation).

Because rescurce illocation in R and D operations often is not

proportioned to the various stages of recearch and development, "down-'stream
pull® occurs leading to the cyclic effect. In short-=cycle type of

R and D work, such as in a singie prcduct line, multi-product company,

4his cyclization is less noticeeble and can be evened out through allocation
of projects at different stages among the staff. But in business requiring
long-range R and D work, such as in chemicals, pharmaceuticale, systems
companies (e.g. IBM, Xerox) this cyclization and its avoidance is a

critical issue for the long-term srowth of the company.

It should be recognized that the most important, intangible capital

of a compruy is what is referred to as "know-how" and it comes from all

phages o:r technologicalresearch and development work. It is essentially

the pay-off for a company being actively engaged in research and developmeni.

I. Transfer of R and D Results (E. Roberts)

By now it is clear that technology developrment moves through

disgtinct phases and during each phrase different tvpes of functions

become critical for achieving success. During the research stage it is

the creative scientist and the gatekeeper who is reeded during the

develcpment stage the entrepreneur and the spongor; during the

commercialization stage the entrepreneur and the project marager. All

these functions czn be held by the same or more individuals during
each tha3de, There are even “are cages where the crezative scientist movec
along with the prcject and becomes successively tile entreprenaeur,

project manager and firally the manager of the new venture after




it is succes..ully cormercialized.

The critical factors fer facilitating technolozy transfer .

inside t.e organization over interfaces (R 2ad D 10 Sales; R and D to

Mamufacturing) are:

(a) early .appointment of a project mazager;

(b) early involvement of R and D management:

(¢) a visible and committed "transfer manager";
(d) favourable economic analysis for the vrojuct;

(e) sufficient patent protection.

Movement of personnel also helps interface technology transier:

(a) frem receiver into R and D prior to transfer;

(d) from R and D to receiver (on loan) when the project moves.

Providing the essential project skillg required was found to be

essential for success as well;

(a) research skills (intricate technological knowledge):

(b) project manager being knowledgeable on the application of
the transferred technology;

(c) engineering support capatility.

In terms of strategic factors that were important in facilitating
and speeding up the transfer: N

(a) outside presgures on receiving unit (e.g.ccmpany "legislation");
(v) clear identity of "target market" before the transfer;

(¢) internal diesemination of information on project (internal

- L}

R and D "public relations");
(d) novelty of invention, as leng as major operational changes .
are not recuired;

(e) gourageous, teracious inventorsg.

Since many of the very prcductive "idea generators" and
creative scientist are often neither courageous nor tenaciovs, these quiet
t very productive individuals need special atiertion on the part of
R and D managurent ir ordar to foster their crectiveness and channel it

i.. the right d:irection.




Je Corrorate lMonaramept of ‘ou \f'enture:‘__(E. Robert::)

This 15 a special aspect of the commzrcializztion of new R and D

developments, where these represent an entirely new business areg, or

a new technolo~z and thus become a distinct new bmsiness unit with its

new organizational forme. Hisiory shows that a very high probability of
failure is the rule, and this has to be clearly recognized by

management.

There are 103 3 nd methods for getting into new
ventureg, such as venture capital, venture spin-off, joint ventures,

and internal ventures, (These are not explained further here).
The reaso.. for the different approaches lies mainly on ithe nature of the

new technology.

Patent licensing is one of the least prumiging approacheg. It
was shown that 99.6% of all patents licensed generated less than a total
of § 100,000 income. Technology (know=how) licensing, on the other hand,

is the most profitable form of licenéing, This truly shows the

value of the "know-how" cavital of a company that is essentially
generated through research and development,

F. The Challenze of Post Miracle Javen (T. Kende, CEI Faculty Member,
Author of many books and publications)

This lecture, while mainly dealing with socio=political
analysis, was most interesting and made two important points related
to R and D and technology transfer that are worth mentioning, as these

are thought to be key positive factors for the tremendcus industrial
development of Japan explaining the phenomenal success of the country for
transferring technology:

(a) starting around the turn of the century and lasting until
very recertly, a {rewmcndous amount of world technological

literature was translated into Japancee and thus made accessible




for the technologists and researchers of the country:

(p) after World VWar II a large number of Japanese technicians were '
sent abroad to study and gain industrial experience. In orde-
to ensure that these technicians returned to Jepan stter .
completion of their overseas tour, they were not too young
(around 40 years of age) and had families in Jepan wao stayed
behind. "This of course, ensured their return. (Note: this
way Japan actually develoved a cadre of "intermationsal

gatekeevers". ).

EPTIOGUE

In conclusion, it should be emphasized that because of its intangible
nature successful industrial R and D, its operations and masnagement is a
very complex issue. Top managers must recognize that it is not sufficient
to build a laboratory and put scientists in it and assume that innovation
will automatically result. There is e history of many companies in the
industrialized countries spending large amounts of money on R and D with
relatively little to show for it, while other companies are great innovators
with much less funding. Certainly, industrial research and development
will have to pley a major role, including in the transfer of technologies,
in the coming years in the developing countries to strengthen their
industrial base and econom, and pave the way for improviag the quality

of the life of their people.

=== e m







