
TECHNOLOGY TRANSFER: A SYSTEM ANALYSIS APPROACH
TO THE STUDY OF ITS FEATURESxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA

The objective, cornponenta, organization,
constraints, eavi rorrment, adaptation, and develop-
ment features of a technology transfer systeIn are
enume rated and discussed with illustrative exampl.es
Irorn published papers. Three rnodel s -- Clark and
Guba, Castasia, and Efercett Rogert--.of the techno-
logy diffusion process are presented. The factors
influencing the diflusicn of technology Irom one
country to another, Irom one enterprise to another in
one and the same country, and froIn one person to
another within a group or an institution are men-,
tioned. The psy<;holog'(cal, educational,. .hl eto rtcat,
political, econoznical, sociological and cultural
characteristics of the giver and receiver of techno-.
logical know-how and the di fferences in their seienti-
fic and technological developInent and inforznation
richness are Irnpoeta nt factors to be taken into
account in designing a technology transfer systezn.
The recommendations of Castasia regarding techno-
logy transfer and national policy on science and
technology in Asian countries in'the perspective of
the overall zw,tional development of these countries

are ,qlloted.

SYSTEM ATTRIBUTES

Designing a system .for technology
transfer at the national level has to be
considered as a component of the national
planning (or the development of science and
technology. The latter itself will be a compo-
nent of the hierarchy of plans forsocio- '
economic development of the country. In a
systems approach to the design of a technology
transfer system, the following elements will
have to be taken into account:

Obkcti~£ of the technology transfer
system;

CO.!!lEQ.nentsor inputs of the system;

3 Organi~ati.Q.!lof the components of the
system, ;

4 Constraints on the iystem;IHGFEDCBA
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5 En~iro~e_n_t in which the transfer of
technology is to take place;

6 ~..9~.ptiI!&.and !!.J:!i-.!lJLthesystem to the
environment through the formulation of
necessary policies and the development of
nece s sary devices, institutions etc;

7 !?.!!~~1Q.E!!2.~1!J:of the system to meet the
likely future demands on it; and

8 ~.!ls.YJ'poll~.Y.to secure the continued
ope ration 0TSRQPONMLKJIHGFEDCBAf the sys tern.

The elements I, 2 and 3 define the
system and its elements,4 to 8 are concerned
with the continued effective operation of the
system in the space-time contexts of the future
We shall consider some details of these ele>'

ments in the succeeding sec tionsc

2 FEATURES OF SYST~ ATTRIBUTES

21 Objective

The overall objective of technology
transfer is to facilitate the assessment of the
suitability, value etc. of an invention in a
particular environment and to fit the charac-
teristics of the invention to the characteristics
of the adopting environment.

22 Components and their Attributes.

The components of the technology trans-
fer system, taken in the wid~r perspective,
include:

1

2
3

The system as a whole;
The inventor;.'

The invention/new knowledge~innovation;
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4 The media and mode of transfer of

technology; and

5 The receptor /ccnaurne r luser of the

technology.

A study of the relevant attributes of each

of these components is helpful in a better

understanding of the technology transfer

process.

The attributes of the system as a whole

that may affect the technology transfer include

the following:

Whether the situation involves one-to-

one, or one -to-many, or many-to-one orma ny-

to-many (that is, many-t c-conevtovmany, or
many-to-one-to-one -tovmany) c ornrnun.lca.t ion,

2 Whether the technology transfer takes

place from one country to another or from one

o r ga ni s ation to another within a country, or

from one person to another withinan organisa-

tion.

'3 Whether the technology transfer is

in the vertical direction (that is, down the

hierarchy or up the hierarchy) or in the

horizontal direction (that is, between points

of coordinate status).

An!l2..!~tiO!l~- Such considerations arise

not rrrer e ly within an organisation but even

globally. For example, between an economi-

cally rich and an economically lessde ve Iope d

country; or between an inIormation-rich

country and an Inf or mat ion=poor country; or

between a governing country and governed

country; or arnong a group of economically

more or less equally developed countr ies; or

aInong politically equally powerful countries;

or among less developed countries with more

or less the sarne GNP level.

4 The total social, political, and

economic environment at the time of trans fe r

of technology.

5 The total social, political and ec.ono-

mic environm.ent of the past in which the giver

and the recipient of know-how have been

respectively placed, and the expected change

in the economic, political and social environ-

ment as a result of the technology transfer.

2

6 The urgency of affecting the technolo-

gy transfer.

7 The "noise" or "garbage" or "resis-

tance" or "eagerness" or "infrastructure"

already present in the s v s te rn attempting to

or being forced to adopt new technology.

The at t r ib u tes of the giver of know-how

that may affect the technology transfer include

the following:

1 The giver's objective and motivation

in transferring the tecluiology;

2 The giver's psychological, religious,

educational, social, cultural and re'lated

background;

3 The giver's ability to transfer and

communicate his experience in this area;

4 The giver's normal and situational

or contextual relation with recipient of the

know-how.

The attributes of the recipient of the

transferred technology that nlay affect the

transfer proces s include the following:

I The recipient's objective, attitude,

and motivation for asking for the know-how;

2 The diffe rence in the religious,

educational,economic, social, and cultural

background between the giver and the recipient

of know-how.

3 The intirria cy of the contact between

the giver and recipient;

4 Tl-te recipient's personal experience

in 5 irn i la r technology trans fe r contexts;

5 The difference in the technology

ric hne s s between the give r and the recipient.

?Z4 Medium and Mode of Technology

Transfer

The attributes of therrie diurn and mode

of technology transfer that may effect the

transfer p ro c e s s include;

Ann Lib Sci Doc
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I ',Vhether the transfer is directly

between the giver and recipient or whether

an inte rmediary is involved;

2 If an intermediary is involved in the
transfer. then whether it is an individual. an
institution or a machine system;

3 If it is a human intermediary. then
several of the attributes mentioned with res-
pec t to the giver and rec ipient of know-how
(see Sec 223 and Sec 224) are applicableTSRQPONMLKJIHGFEDCBAt o the
inter mediar y;

4 Hit is a machine interme.diary,
then the characteristics of the particular
machine used;

5 The ability -of the giver and recipient
to use effectiveLy the intermediary -- whether
human or machine -- to achieve their
respective objec tives;

Chart of Idea-to-Adoption Continuwn

6 Tools of the transfer process:
Verbal, non-verbal, language (natural or
code), record etc;

The sources and means of transfer of
technological know-how are dealt with else-
where.

3 ORGANISATIONAND STAGES IN
TECHNOLOGY TRANSFER

The following charts and diagrams show
the different ways of viewing the information
and technology transfer processes from the
stage of creation of an idea to its incorporation
in the commodity or service production
stream.

31 CLA~K AND GUBA MODEL

The following chart mentions the steps in
the succession of links between research,

Objective Criteria Leads to

I Research To advance
knowledge: New
ideas

Validity: I) Hypotheses
tested; 2) Generalis-
ability

Basic for
invention

2 Development
21 Invention To innovate.

provide new solu-
tion to an operat-
ing problem(s)

1 Appropriateness or
suitability

2' Estimated viability
3 Relative contribution

(impact)

Invention

22 Design Design packageTo engineer:
Systematise and
arrangement of the
components of the
solution.

To prepare a design
or innovation
package for insti-
tutional use

I Institutional feasibility
2 GeneralisabiUty
3 Performance
4 Spin off

3 Diffusion
31 Dissemination To inform: Create

widespread aware-
ness of the inven-
tion among practi-
tioners and po-
tential us er s

I Intelligibility
2 Fidelity
3 Pervasiveness
4 Impact

Awareness about
the invention

Vol 20 No 1-4 Mar-Dec 1973
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Continued from the previous page

32 Demonstration To build convic-
tion: Provide
opportunity to
examine and
assess the

qualities of the
invention

I Credibility
2 Convenience
3 Evidential assessment

(Alternative profes-
sional cons ideration)

Building convic-
tion about the
invention

4 Adoption
41 Trial Technology transfer. I Adaptability

Assess the suit- 2 Feasibility
ability, value, etc. ,
of the invention in

a particular en-
vironment

Building famili-
arity with the
invention

Establishing con-
textual suitabi-
lity of invention

42 Installation 1 Effectivenes s
2 Efficiency

Adaptation of
invention to a
particular
context

To fit the charac-
teristics of the
invention to the
chara:cteri stic s of
the adopting
environment

43 Institutiona-
lisation

To incorporate in-
vention as an
integral compo-
nent of the system

1 Servicing
2 Evaluation
3 Support

Integrating the in-
vention into the
ongoing pro-
gram

Sensing the new
problems and
needs

5 New cycle of Research, Development, Diffusion and Adoption

innovation, and adoption of the know-how
in a particular production system. This
model is a modified version of the one
developed by CIa nk and Guba to illustrate
the transfer of education innovation;

32 CASTASIA MODEL

The Glnference on the Application of
Science and Technology to the Development
of Asia (CASTASIA), held in New Delhi in
August 1968, also considered, among other
things, transfer of technology. In the
schematic diagramTSRQPONMLKJIHGFEDCBA(§ .~ Appendix) presented
by the conference, two diffe rent views of the
relation between science and technology are
sought to be reconciiled. One view is that
science and technology g'row separately
though there may be mutually beneficial
relations between them. The second view us-
ually attributed to socilaist countries "assumes
that the most fruitful approach is to combine
various statistical indicators of the develop-
ment of closely interrelated fields of knowledge
in the complex of the' science -technology-

4

production' chain". The comparison of the
rate of development of a particular field
of knowledge in each of the three links of the
chain helps to draw definite conclusions.
There is a -';fferential rate of growth in the
three sections -- highest in the sciences,
lowest in the pr oduc tion section, and inter-
mediate in the technology sector. This
apparently conflicts with the "mutually bene-
ficial" view .rnenti oned ea rlie r ,

33 Rogers's Model

In the model developed by Everett Rogers
the transfer of information and the adoption
of technology is considered as a diffusion
process. The elements in the innovation
diffusion process are: Innovation; communica-
tion of innovation; social system environment;
time; and adoption. Using Roge r ' s framework,
a diffusion of innovation maybe stated as:
"The process of adoption or rejection, 'Over
time, of some specffic idea or practice, by
individuals, groups, or other target systems,
connected to specific channels of communica-
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tion which may be complementary to social
structures, and to a given system of values
and cultureS". The elements are linked in
a paradigm as shown in the diagram in the
Appendix.

4 CONSTRAINTS ON RATE OF TECHNO-
LOGY TRANSFER

41 Rate of Diffusion

411 Time -lag from Invention to Innovation

Surveys indicate that the ·time lag
between invention and innovation var ies to a
cons ide rable extent from one context to
another and depends on several factors. Some
inventions mark a major departure from the
existing technique while others rnav be of a
routine kind. Change of taste, attitude,
te chnology and factor pricing may be involved
in some cases before there can be a profitable
utilisation of an invention. Table 1 pre sents
data about the estimated time interval between
some inventions and corresponding innovation.

Some of the finding s of the study wer e:

Aver age time lag:

11 The average time-lag was about 11IHGFEDCBA
y e a r s in the petroleum industry.

12 The average time-lag was about 14
y e a r s in other indu str ie s .

2 Field of Innovation:

21 Mechanical innovations required the
shortest time intervals, with chemical and
pharmaceutical innovations taking a longer time
in that sequence.

22 Electronic innovations involved the
longest time lag.

3 Innovator:

31 The interval was shorter if the
inventor him aelTSRQPONMLKJIHGFEDCBAf attempted to innovate than
wh n he merely disclosed the new concept and
left it to other s to innovate.

412 Acceleration of Diffusion

Killingsworth, Lynn and others claimCOD-

sider able acceleration of the rate of diffusion
between the early part of this century and the
inter-war period, with a slight acceleration

Vol 20 No 1-4 Mar-Dec 1973

Table 1. Estimated Time-lag between Inven-

tion and Innov at lon

SN
Interval
(years)Invention

1
2
3

4

5
6
7

8

9
10

11
12
13
14
15
16
17
18
19
20

21
22

23

24
25

Cotton picker
Spinning jenny
Sptnning-rnach lne (water frame)

Spinning mule
Power steer ing
Stearn engine (Watt)
Stearn engine (Newcomen)

Jet engine
Turbojet.
Fluorescentlarnp
Wirele ss telephone
Wireless telegraph
Triode vacuum tube
Radio (Osc illation)
Gyrocompass
Self-winding watch
Xerograph y

B all point pen
Zipper
Safety razor
Long playing record
Magnetic recording
Shell moulding
Titanium reoduction

Electr ica l prec rprtat ion
'petr ole= production
Distillation of hydrocarbons with

heat and pressure
Distillation of gas oil with heat
and pressure
Continuous cr acking (Homme sand
Manley)
Continuous cracking (Dubbs)
Clean circulation
Tube and tank process
C r-o s a process
Houdry catal ytic cr acking
Fluid catalytic pellet
Gas lift for catalyst cracking
Moving bed catalytic cracking
DDT

Streptomyc in
Freon zefr tge eent
Hardening of fat
Plexiglass, lucite
Nylon
Terylene
Crease resistant fabric

53
5
6
4

6
11

6
14
10

79
8
8
7

8
56

6
13

6
27

9
3

5
3
7

25

24

3

11
13

3

13

5
9

13
13

8
3

5
1

8
3

11
12
14

26

27

28

29

30

31
32

33
34
35
36

37
38
39
40
41
42
43
44
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after 1945. The-reasons for the acceleration

of diffus ion are:

1 Development of a variety and improved
channel s of communication of information;

2 Development of more sophisticated
methods for determining the time at which
equipment should be replaced; and

3 Greater receptivity to newer ideas and
techniques.

413 Reduced Timelag in Application of Dis-
covery

The table 2 presents data about the time-
lapse between formulation of a principle and
its use for the development of a device. over
the period 1700 to 1960.

Table 2

414 Reduced Time-lag between Innovations in

an Industry

Table 3 and 4 presents data about the
time-lapse between successive innovations in
the field of marine engineering and internal
combustion engine.

415 Commercial Development

A survey of the products on sale by
different manufacturing firms in USA in 1960,
indicated that 10 percent of the sales were of
products developed during theTSRQPONMLKJIHGFEDCBAi rnrnediateky pre-
ceding five years.

Lynn. in a study of twenty major innova-
tions during the period 1885 to 1950. has
estimated,

Discovery-to-Device Time-lag

Year of

St. Invention Discovery Development of Time-

No. of device or use lag

Principle

1 Internal combustion engine 1710 1892 182

2 Photography 1727 1839 112

3 Aerial fHght 1809 1903 94

4 Telephone 1823 1876 53

5 Radar 1889 1935 48

6 Gamma ray 1896 1939 43

7 Atomic power release 1932 1945 13

8 Transistor 1940 1948 8

9 Laser 1958 1960 2

Table 3

S1.No. Invention

Innovations in Marine Engineering

Commercial Success

1

2
3
4

5
6
7

Geared turbine
Stearn boat
Propeller
Iron ship
Fixed contra-propeller
Diesel engine
Rotor sh tp

First Plan Time-lag

1629
1661
1746
1777
1869
1882
1923

1911
1808
1836
1829
1910
1903
1926

282
147
90
52
46
21

3
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Table 4

Efficiency of Internal Combustion Engine

Period Time interval
(years)

Improvement

Savery-Newcomen to Watt
Watt to Cornish
Cornish to Triple Expansion
Triple Expansion to Parson's Turbine
Parson's Turbine to High Pressure Turbine

1710 to 1795
1795 to 1845
1485 to 1885
1885 to 1920
1920 to 1950

85
50
40
35
30

1 The incubation period -- that is, the
average number of years elapsing from the
time of the ba s lc discovery or invention and the
establishment of its technical feasibility to the
beginning of ~ts commercial development; and

2 The commercial development period-
that is, the aver age number of year s elaps ing
fr om the beginni ng of the commercial develop-
ment of a product/process to its introduction
as a commercial product/process.

Data from Lynn's study are presented in
Table 5.

Table 5

416 Inference from the Findings of Studies

1 The time-lapse between invention and
the innovations based on it has beendeczea s-
ing over time;

2 The time-lapse is much shorter for
consumer products than for industrial pro-
ducts; and

3 The time-lapse is shorter for inno-
vations developed using government funds
than those using private funds.

Average Rate of Development of Selected Technlogical Innovations

81. Particulars

No.

Average time intervals
(years)

Incubation Commercial Total
period development

30 7 37

16 8 24

9 5 14

13 7 20

28 6 34

24 7 31

12 7 ]:9

Time period

11 Early twentieth century
1885-1919

12 Post World War I (1920-44)

13 Post World War II (1945-64)

2 Type of market application

21 Consumer

22 Industrial

3 Source of Development

31 Private industry

32 Federal government

Vo120 No 1-4 Mar-Dec 1973TSRQPONMLKJIHGFEDCBA 7
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42 Inter-country Diffusion

421 Factors Affecting Diffusion

The socio-econoITlic structure of a
country should facilitate the free and rapid
diffusion of new technology. The rate of
diffusion is an irrrpor ta nt factor. For instance,
in process industries, it would dete r rnTSRQPONMLKJIHGFEDCBAine the
rate of increase of productivity in response to
the new process. Several factors affect the
diffusion rate. While several potential users-
may learn about a new technology, they ITlay
not all be able to predict accurately about its
future irnpact on the industry. There rriay be
need for a considerable investment in Rand

D for redesigning and adopting the process
before it can be profitably ae s tmtl.ated into the
production s yst ern., Reallocation of resources
=y be necessary. New skills and expertise
rnay have to be acquired or developed. A=jOr
technological change ITlay involve ser ious
pr oblern s of per sonnel a djus trrie.nt to new
products. Differences in social structure and
social practices of communities can affect the
diffusion process in the target s ystern,

. The cornpl lca ted feature of the diffusion
process is evidentf r orn this definition. Mans-
field selects four rnaj or factors which appear
to govern the rate at which an innovation

reaches an equilibr iurn level of use. These
are:

1 The extent of econornic advantage of
the innovation over ex isting rneth oda or pro-
ducts;

2 The extent of uncertainty associated
with using the innovation when it first appears;

3 The extent of the cornrrritrnent re-
quired to tryout the innovation; and

4 The rate of re duction of the initial
uncertainty regarding the performance of the
innovations.

The availability of lnfor rna tl on on each
of these factors can accelerate ar r iving at a
decision about the adoption of a technology by
a target system.

422 A Study of Inter-country Diffusion

Although several factors cornpl lca te the
picture of diffusion of technology, it would be
useful to take note of SOITlefeatur es , such as
t irne -lag between invention and innovation.

8IHGFEDCBA

R a y has reported on the inter-country

diffusion of the following new processes:

I Basic oxygen process in steel mak ing
(Oxygen);

2 Continuous casting of steel (casting);
3 Special press in paper rnak lng [Pr e ss k

4 Numerical control of metal working

machine tools (NC);

5 Shurrle less 100ITls in the wcav lng
cotton and rna n-zna def ib.res (Loom);

6 Tunnel kil n in br ick rrraking (Kiln);
7 Steel plate rriar king and cutting in

ship building (Steel marking);
8 Float Glass (Glass);
9 Automatic transfer lines in the rria.nu>-

facture of engines for passenger cars (Trans-
fer line); and

10 'I'reatrne nt of rnaIt with gibberellic
acid in ma lt brewing (Malting).

Infor rnat ion was gathered on:

1 The date of fir st application in a
country;

2 The diffusion since the first applica-
tion (in te r rns of the nurnber of users, share
of new equipm ent Zpr oces s in the total produc-
t ive ourput , a nd the pr opor t ion of the output
produced by the new technique); and

3 The f ir rn !s views of the advantage and
disadvantage of the new technique cornpa r ed
with the te chnique in use, and the factor s
favouring or hinder ing the introduction and
spread of the new technique.

Ray's data regarding thet irrievl ag of

each of a few countries behind the pioneering
country are presented in Table 6.

Ranked according to increasing rnea n
tt me.-Lag, the countries fall in the following
sequence: UK (2.3); Sweden (3. 2); France (4.2),
Austria (4.5); Ger rnany (5.1); and Italy (6.2)
Whether the differences int irne lag between
the countries are statistically significant is to
be verified with more data.

43 Inter-Enterprise Diffusion of Technology

431 Engineering Industries

In another investigation in USA, the
diffusion rate of twelve innovations from one
enterpr ise to another in four industries have
been studied. The innovations studied were:

Ann Lib Sci Doc
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Table 6

Time-lag Differential Between Selected Countr Ie s

Sl. Process/ Year of Pioneer N of years of lag after pioneer country

No. Technique introduc- Country
tion A F GTSRQPONMLKJIHGFEDCBAI S U

1 Oxygen 1952 Austria 0 4 5 12 4 8

2 Casting 1952 Austria 0 8 2 6 11 8

3 Press 1963 Sweden 3 2 2 2 0 1

4 NC 1955 UK 8 2 7 5 3 0

5 Loom 1953-4 France 7 0 1 6 3 4

6 Kiln 1948 Sweden 9 1 11 3 0 0
7 Steel marking 1950 Sweden 10 3 12 0+

8 Glass 1958 UK 8 8 7 0

9 Transfer line 1947 France-UK 0 7 3 8 0
10 Malting 1959 Sweden-UK 7 0 0

Mean 4.5 4.2 5. 1 6.2 3.2 2.3

A = Austria; F = France; G= Germany; I= Italy; S = Sweden; U= UK

+ The extreme value (1902) for UK is omitted.

Bituminous Coal Industry
(a) Shuttle car
(b) Trackless mobile loader
(c ) Cont inuous mining machine

2 Iron and Steel Industry
(a) By-product coke oven
(b) Continuous wide strip mill
(c) Continuous annealing line for tin

plate

3 Brewing Industry
(a) Pallet loading machine
(b) Tin container
(e) High speed bottle filler

4 Railway
(a) Diesel locomotive
(b) Centralised traffic control
(c) Car r erar der s

Some inferences from the study were:

I Diffusion of a new technique is gen er as
lya slow process. From the date of the first
successful commercial application, it took
about twenty years or more for all the major
firIns in USA to iristal l centralised traffic
control, car retarders, by-product coke oven,
and continuous annealing. The period was
about ten years in the case of pallet-loading,
tin container, and continuous mining ma chl ne :

Vol 20 No 1-4 Mar-Dec "1973

2 The rate of initiation varied widely
(0; 9 to 15 years);

3 There was also a wide variation in the
initiation rate of diffusion (average 9 years).

432 Differences Among FarIners

Mansfield points out differences arno ng
individual farmers in the rate of adoption of a
new agr icultural technique. The faz-rner s wer e
class ified as

1 Innovator s (fir s t 2. 5 per cent to adopt
anew process);

2 Early adoptor s (next 13.5 per cent);
3 Early rnajor lty (next 34.0 per cent);
4 Late rnaj orlty (next 34.0 per cent);

and

5 Final adopters (last 16.0 per cent).

Arnong these adopt or categories, differ-
ences were found in regard to attitudes,
values,social status, abilities, group mem-
bership, and far In business characteristics.
The innovators were found to be more COSInO-
pol ltan, seek out new ideas, and information,
ventur e some , reach decisions quicker, better
educ ate d, an d m ore affilL a t ions and fr ie nds
outside their group. They tended to have
larger fa.rrns , more spec ialised enterpr ise,
and greater Iar rn ownership. The prevailing.

9
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culture of the community also influenced the

diffusion of innovation.

44 Diffusion of Information within an Insti-

tution or Group

441 Source of Ideas for Rand D

Ideas and proposals for res ear ch, de-

veLoprnent and innovation ar ise fr orn different

points within aTSRQPONMLKJIHGFEDCBAf i r rn , For instance,

1 Innovations by c ornpetItor s s tirnul ate
new pr ojec ts ;

2 New dev el oprrrents in science and

technology rnay suggest new lines of research

and innovation;

3 The sales and production divis ions

Inay make suggestions for new lines of work;

4 Cuatorner s often point out defects and

ask for an irnprovernen t in a firIn's product;

and

5 Any individual or depar t rnent in a

f i.rrn is a potential source of new ideas.

In a study c:I. over 100 lndustries, it was

observed that

'1 Sixty per cent of the topics originated

f r orn the Rand D depart=ent;

2 Seventeen per cent froIn the sales

d epa rtrnen t ;

3 Nine per cent fr orn the rna na ge rne nt ;

and

4 Four per cent fr om the eus torne r s,

Rand D deparhnent was the rrror eim-
portant source of ideas in the chernlc al, phar-

mac eut ical and food areas, the sales depart-

rnerit was particularly an Irnpor ta nt source

in the metafkur gtcal industry, and the Govern-

rnent was the Impor tant source in the e1ectrcn-

ics and aerospace industries.

442 DisseInination Media

The me dla for d is s e rrrinat lon of know-

ledge that may result in a major invention or

irrrpr ove rne nt of an existing technology are

many and var ied. These include

1 Docu rne nt (External)

Book, per iodical, technical repor t, pate nt,

standard, specification, thesis, trade publi-

cations, review ann tr end report, prepr intI

reprint exchange, card services, indexing and

abstracting services, etc.

1 0

2 Information disseInination centre ..

D ocu rne nrat ion centres, inforInati~n .analys is

, Li p ing services as s oclations, etc.centres, c ip ,

3 Vendor /Supplier / Contractor

Representative of ord ocu rnen t generated by,

vendor / supplier / c ontr act or.

4 CustoIner

Representative of or docuInent .genera~ed by,

the agency for which a project lSc ar r ied out

5 Consultant/Adviser /Guide

6 Meeting

7 Mass rried ia

8 Formal course

9 Through colleagues

10 Institutional source

Other institutional research projects; col-

leagues in the institution, docume nt s ge ne»

rated within the institution.

11 Personal experience in s Irnil.ar , re-

lated, or other wor k,

Example

WilliaIn J Price rnenti ons the pattern of

link between the scientific c ornrnuni ty and the

research activity of the US Air Force Office

of Scientific Res eai-ch (=AFOSR). It is a two-

directional cornrnunlc at Ion -- infor rnat io n for

finding solution to the scientific pr obl erns of

the Air Force and the availability of inforIna-

tion to the users. The link or coupling is

established in the following ways:

I Part of what the AFOSR purchases

through contracts and grants is primarily

designed to provide c omrnun lca tl on , The

ayrnpos ia and related sponsored research

helps the AFOSR to keep abreast of the deve-

lopments in science and technology; and

2 Direct Involv erne nt and pa r t ic ipat ion

of scientists through AFOSR contracts. For

instance,

21 Trips to Air Force installations to

provide consultancy service;

22 MeInbership on ad-hoc groups to

study the feasibility of various exploratory-

development pr ogr a rnrne s :

23 State-of-art review, either oral or

written;
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24 Special purpose sTSRQPONMLKJIHGFEDCBAy mp os ia specifi-
cally designed to bring technologists and
scient is ts together;

25 Special lecture tours;
26 Feasibility studies on research

phenomenon to package the rn in a for m m or e
likel y to be useful; and

27 Direct consultation with aerospace
industr ies.

443 Differential Use of Media

The differential utilisation and perfor-
mance of the different media of information in
Rand D activity have been studied by Allen
and others. The process of diffusion of
technological information and the several
sociological, institutional and human factors
affecting it within a sc ientific and technologi-
cal community have been examined. The
MIT Conference on the Human Factor in .the
Transfer of Technology, the Univers i.ty of
Nottingham Sympos iurn on Accelerating Inno-
vation, and the report of Gilmore and asso-
ciates are examples of such studies. There
have also been a large number of "user
s tudIes " over the past three decades.

444 Docmnents as Source for Ideas

In a survey of 1082 technologists in UK,
it was found that only 12 per cent used docu-
ments at the start of work, and once the in-
vestigation was under way , if they had not
already consulted the doc urrients it was un-
likely that they ever would. Of the population
studied, 60 per cent reported documents as
major source for ideas or major stimulus for
ideas. Imper sonal channel s of communica-
tion appeared to be preferred at the • interest"
stage. These findings are similar to those of
Allen, Gerstenfeld, and Ger stber ger in a
study of engineers in the Rand D departments
of biological and aerospace industr ies,

Allen has pointed out the effect of such
use of infor mat lon on the success of firm in
landing gover nrne nt contracts.

445 Group Relationship

The structure of formal and informal
relationships arnong the groups in the labo-
ratories appear to have an effect on the in-
for rnati on how pattern. Allen and Cohen us irg
sociometric methods, have compared in two

laborator ies the choice of cornrnuntcat ion
methods - such as, technical discussion,

Vol 20 No 1-4 Mar-Dec 1973

critical incident information, and research
ideas -- with the research worker's choice
of social contact. In the case of one labo-
ratory there was cons iderable overlap bet-

ween the s ocial lsat ion network and communi-
cation of ideas generated by research. In
another laboratory there was overlap between
social contact and both technical discussion
and research ideas. In the second laboratory,
it was also noted that the Ph Ds comrnurrica te d
little with non-Ph Ds; on the other hand, the
non Ph Ds preferred to soc ial is e and COInInU-
nicate with Ph Ds. The organisational struc-
ture of the institution is shown to have consi-
derable influence on the communication pat-
terns of Rand D gr oups.

446 Information from within and from out-
side a Finn

Myers report based on a study of 560
decisions in railway, housing, and computer
industries, indicates that 50 per cent of the
decisions were based largely on technical in-
f o.rrriat i on transferred by one using-firm to
another; and about SOper cent by infor rnat ion
generated within the us ing-firm. The single
InOSt important media for such transfer of
informationwas the vendor or potential sup-
plier (15 per cent); and the Government was
ranked next (10 per cent). The Governmental
information was used differentially from the
vendor information.

G ilrnor e 's surve y of industr ial orgaru.-
sat ioris indicates that the 'Personal Channe l "
- - supplier, cus torner , consul tancy, and
Ineetings -- is the most widely used as exter-
nal channel of information for pr oblem solving.

447 Source of Information to Farmer

Among far rne r s , the prevailing culture
of their cornrriunit ies was found to influence
the rate of diffusion of information and the
differential use of cornrnun ica tl.on channels.
The use varied in relation to the stage in the
adoption process that the farmer had reached
and in relations to the farmers' adoptor cate-
gory. For instance, rnas a rned ia SOurces
were important at the awareness and interest
stages; ne ighbours and fr iends were lrnpor tarr
at the evaluation and trial stages. The early
user s of a new technique tend to rely on
sour ces of information beyond the exper ience
of their peer gr oup : and after they have
successfully used the rnoder n technique, they
become the rnodel for theTe s s expert group.

I 1
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448 Technological Gate Keeper

Studies on information flow in an orga-
nisation also indicate that some individuals
act as "Technological Gate Keepers·. Alar ••
ger proportion of the technical personnel in
the organisation tur n to them for information
and were the preferred choice in technical dis-
cussion. Such a person tended to be exposed
to a great extent to documents and personal
contacts outside the organisation. They re-
ceived most of the information from outside
the organisation and helped to desseminate it
among the personnel within the organisation.

5 ENVIRONMENTAL FACTORS

51 Total Picture

In order to get a proper perspective of
the long chain of events, it is necessary to
examine it against the back-ground of the total
socio-economic system. For, in a dynamic
system with interacting components, a change
in the value of anyone of the attributes of any
one of the components can pr oduce change in
the values of the attribute sTSRQPONMLKJIHGFEDCBA0 f the other com-
ponents and even in the system as a whole.
Research, Industry, and Docurnentat lon sys-
tems are components of the socio-economic
sy ste'rn, Research produces ideas that can
lead to s or; io-economic change. The enter-
preneur uses the ideas to bring about techno-
logical change and produce the goods and ser-
vices thesociety needs. The Docurnenrat ion
sy at.erna help tod is seminate ideas, ostens ibl}'
to accelerate the technological change by
establishing and stimulating cOrnInunicati'on
between research and industry. The close
interrelation between invention, innovation and
ec onorny is well s umma r lsed by Myers, Direc-
tor of the National Planning Association, Rand
D Utilisation project. On the basis of a study
of five hundred innovation heconctude d,
·Perhaps the best way to stimulate an innova-
tion is to stimulate the economy as a whole ..•
About one half of the innovations came about·
in direct response to rnar ket factors. A
rapidly growing economy obviously expands
the market for innovations and encourages
business investment in newidea ",

5 2 Pure Research and Technology

Studies have disclosed fiifferences in
the modes and media of diffusion of knowledge
.generated from pure research and that gene-

12

rated by technology. The following are some

of the findings;

1 New information becomes known to a
scientist's peers in the world scientific COIn-
munity much earlier than to other groups,
well in advance of any formal written publi-

cation;

2 In technciogy, including the applica-

tion of science and engineering, creative
efforts are pr irnar Ily concerned with the inte-
gration of previously existing knowledge to
produce usable commodities and services
including, for example, systems, devices,
processes, rneth ods and rna te r ial s :

3 Pure research andph enorne non=or>

iented research are concerned mainly with
the genera tion of knowledge of some pheno-

rnen on or other;

4 The knowledge generated from pure
research andphenornenon-ecr iented research
is made available to scientists and techno-
logists in several ways and through several
channels;

5 'I'echnologt cal events are usually ini-
tiated within technology, in the presence of
ambient science. With a few exceptions, it
is usually difficult to establish an unique
correlation between an important technologi-
cal advance with a piece of knowledge gene-
rated by pure research orphenornen on-cori>
ented research; and

6 In general, technology feeds upon
knowledge generated in the technological field,
while pure research and phenomenon-oriented
research feed upon knowledge generated in the
field of pure research and phenomenon-oriented

research -. However, there are several inter-

connections across the two sphereso f activity.

53 Key Factor of Economic Growth

531 Factors of Growth

It is now generally recognised that a good
proportion of the socio-economic growth of a
country depends on

1 Heavy investment in

1 1 education
12 res ear ch and development
13 production and distribution of tech-
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nical know -how,

14 improved information dis sernina-,

tion and technology transfer facilities
15, better organisation and management

of research and industry; and

2 Use of Irnpr ove d mate r Ial s , processes
and equ ipznent,

In other words, a good proportion of the
investment is apportioned for the production and
distribution of knowledge. Recently, Peter
Drucker, the management specialist, pointed-
out that the United States of America spent on
the production and distribution of information

25 per cent of the GNP in 1955;
33 per cent of the GNP in1965; and
50 per cent of the GNP in 1970.

532 Key-Factor

Studies indicate that technological
change is a ke y factor - - if not the key -factor _
contributing to econorn lc growth. A technologi-
cal change is an advance in knowledge as di -
fferentiated from a change in technique which
is an alteration of the character of an equip-
ment, pr oduct , or organisation.

54 Economic Growth and Technological
Change

The need for maintaining a high rate
of economic growth is a widely accepted
concept. Countries with diverse socio-poli-
tical systems and widely differing levels of
economic development-- for example, USA,
UK, France, USSR, Yugoslavia, India and
Japan - - have set up targets for the rate of
growth. Rough estimates have also been made
of the impact of a country's rate of technologi-
cal change on its rate of economic growth. For
example, in USA,

1 Ninety per cent of the long term
increase in output per capita resulted from
technological change, increase in educational
levels, and other factors not directly associat-
ed with the increase in labour and capita.lj and

2 Forty per cent of the tot al increase
in income per person employed during the
period 1929-57 was derived from advances in
knOWledge.

55 Technological Change and Rand D
Expenditure

A study was made of the Chemical,
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Petroleum and Steel Industries, using data
regarding the number of s ignif icant inventions

carried out by ten large firms in a few count-
ries. Holding size of firm constant, the num-
ber of significant inventions has been found to
be highly correlated, at least in the long run,
with the amount s pent on Rand D. In the
chemicals field, a proportional increase.in
the incentive output has also been observed.
Studies further indicate that the rates of
technological change appear to be related to
the rate of growth of cumulated Rand D ex-
penditure of a country. Therefore, in most
countries, an increasingly larger proportion.
of GNP is being allocated to Rand D and to the
acquisition of knowledge generated by Rand D
elsewhere. A point to be 'noted is that " •••
the relationship between Rand D expenditure
and national economics is complex, and
several countries have spent a great deal of
money on Rand D in recent years without
achieving any spectacular economic gr owtb!".

56 Research and Innovation

561 Research as Starting Point

Research is the source of new ideas which
in turn, can produce technological change.
Therefore, One of the main functions of Rand D
facility to industry is to solve problems and to
generate new ideas for use in industry. For
instance, a survey of busi.ness plans for new
plant and equipment, carried out about a decade
ago, provided the following information.

Table 7: Objective of Rand D

SN Cbjective of Rand DTSRQPONMLKJIHGFEDCBA% of reporting

1 Develop new products
2 Improve existing products
3 Develop new process

47
40

13

The role of Rand D for development
of new products was parti:ularly emphasised
in the industries dealing with electrical equip-
me nt, ch ern.lca'ls , and fabr icated rne tal , wh lle
the irnpr ove rnent of existing products was eIn-
phasized in those dealing with rubber and
petroleum.

562 Research and Innovation

The table in Sec 31 indicates that new
knowledge generated through research by

1 3
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itself may not directly contribute to technologi-

cal change and economic growth. It is only

when the idea or inveb.tion is assimilated fairly

widely into the production system of a country

that technological change and economic growth

can result.

563 Innovation

One of the key factors of technological

chang e is innovation. Innovation is the totality

of scientific and technological effort culmina-

ting into a product or service. Inmar k'et eco-

nomy terms innovation is defined as the comm-

ercial exploitation of technical knowledge in

order to

1 Win new markets. or

2 Hold existing markets against

competition. by

1 Reducing the cost of production

of existing goods. or

2 Introducing more efficient goods

and services than the existing ones. or

3 Introducing new goods and

services.

In the terminology of planned economy

innovation involves the intentional introduction

of ideas of science and technology into the

production system in order to

1 Improve labour condit io ns ; and

2 Speed up the general rate of economic

growth adequate to meeting the growing de-

.mands of society.

564 Part of Innovation Process

Research and development constitute

only a part of the total innovation pr o c ess ,

In fact. economically speaking Rand D

expenditur.e is an overhead expenditure untiTSRQPONMLKJIHGFEDCBA1

the results are commercially exploited. Table

8 presents a general picture of the distribu-

tion of cost in successful innovation.

Table 8. Distribution of Cost

SN % of total costStage

1 Rand D. basic invention

2 Engineering and design

3 Manufactur ing engineer ing

4 Ma nufa cj.ur ing start up

5 Marketing start up

5-10

10-20

40-50
5-15

10-15

1 4

It is obvious then that the benefits of

technological change can be generally achieved

only at the cost of heavy investments in educat-

ion, in Rand D. capital equipment, and rnar keb-.

ing.

565 Enriching ~he Innovation Potential

In actual practice, innovation may arise

not only from Rand D, but from operational

improvements introduced by a "productivity

conscious staff and management personnel".

A large number of minor improvements may be

more important than a small number of break-

throughs.

Enriching the innovation potential requires:

1 Developing an environment helpful in

promoting innovation in the whole chain of

industrial activity-- research. development.

production. marketing. and post-sales service,

feed-back, and repetition of the cycle;

2 Selecting the appropriate advanced

technology;

3 Applying the advanced technology

before it becomes obsolete;

4 Bearing in mind that there may be

competitors using similar or even more ad-

vanced technology; and

5 Developing a management structure

conducive to maximising the chances of making

gainful decis ions in planning, organising , and

controlling at all levels.

A successful innovation will have a

significant impact on the rate of growth of 'the

innovating firm. The impact is greater for a

small firm than for a large one.

5 7 Buying and Borrowing Technology from.

Abroad

In the early stages of its development

a country might find it more economical and

helpful to borrow 'technical know-how from what

ever sources available. including foreign coun-

tries. A good part of the local effort will be

concentrated on innovation to adapt the imported

technology to local conditions, available re-

sources. social institutions and expertise. As

development proceeds dependence on borrowed

technology will be progressively reduced by
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investing an increasing percentage of the GNP
on indigenous Rand D. At all stages imported

technology and local research effort should be
effectively blended so as to be complementary
to rather than competing with. each other. In
this view it would be cons idered wasteful to use
the limited resources in duplicating effort
and reinventing know-how that can be more
economically had from published documents.
through licens ing , etc. Reliance on the pro-
ducts of one's own Rand D effort alone is
neither necessary nor normal1ypra.cticable.

571 Technical Know-how:Marketable Commo-
dity

Every country has an interest in the
dissemination of technical know-how. Arrange-
ments for this purpose are becoming the sub-
ject of discussion at the national and interna-
tional levels. It is beneficial to the donor as
well as to the recipient. In fact technical know-
how is now a standard commodity in the inter-
national market. The results of research are
available internationally through published
documents, private communication between
specialists, and through conferences. semi-
nars and similar meetings of specialists. Tech-
nical know-how may be disseminated through
several channels-- such as, movement of
people. technical cooperation programmes,
joint ventures, licenses, patent agreements,
foreign investments and the purchase of capi-
tal equipment and machinery.

572 Technological Balance of Payment

The international exchange of know-how
can be shown by a technological balance of
payments. Therein we may compare a country's

Table 9

payments to other countries for technical know>
how. licence. and patents received with its
receipts for IIsellingll such items. Table9
presents some data for1964 on such trans-
actions. The data excludes the transactions
between socialist countries and between
those countr ies and developing countr ies.

573 Import of Technology by India

The findings of a recent study by the
National Council of Applied Economic Re-
search, New Delhi, are summarised below:

The data on payments made by India on
technology imported from abroad are very
fragmentary. The three countries USA. VK

and West Germany probably accounted for90
per cent of the royalties received in the inter-
national transaction of technology. and90
per cent of India's technological payments
went to them. India's share in international
payments of royalties to these countries was
marginally below 1. 2 per cent.

It is estimated that the US receipts of
royalties increased at about15 per cent per
annum in 1958-62; and that of India increased
at about 11. 5 per cent per annum from1960-1
to 1968-9. If we assume the US rate of growth
to apply to world royalty receipts in the same
period. India's share would fall to0.9 per
cent by the end of the period. The ratio of
India's imports to world exports fell from
2.6 per cent in 1960 to 1. 3 per cent in 1967.
India is a rninor buyer of declining im.portance
in the world markets for goods as well as
te chnolo gy.

Technological Balance of Paym.ent(1964)

% of world totalCountry

Balance

USA
UK
Germ.any (FR)
France
Other countries of W Europe
Japan

Other developed countries
Developing countries

Receipt Paym.ent

57 12
12 11

6 14
5 11

18 25
1 13
1 6

1 8

+45
+ 1

- 8
- 6

- 7

-12

- 5
- 7
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Table 10
Ind iat s Payment for Technology Import

Particulars UK

Receipts for technology
(in million Rs. )

India's payments for technology
(in million Rs. )

USA West Germany

5700
(1962)

900
(1962)

375
(1963 )

34.8
(1962-3)

37.5
(1962-3)

11. 3

(1963-4)

The earlier foreign investment in India
went largely to sectors relatively stagnant tech-
nologically; the picture has changed considerably
since' independence. Out of 423 agreements of
companies with foreign equity patticipation, 419
had technical collaboration also. Dividends paid
bi the latter would compensate for import of
technology as well al capital. Royalties have
been growing much falter than dividends. It is
thus probable that imports of technology have
been increas ing faster than imports of capital.

Table 11

The survey covering the period.1951-67 in-
dicates that some of the widely held views on
import of technology are not tenable. The views
found fallacious are:

1 Technology has been imported mainly
by large firms;

2 Collaboration agreements restrict
exports significantly;

Dividend and Royalty Payments by India

Dividend
(million Rs. )

Royalty and Technical Fees
(million RI. )

Kinds of collaboration

1960-1 1966-7 1960-1 1966-7

Subsidiaries 100 160 25

Companies with foreign
minority holding 10 50 20

Purely technical collaboration 12

45

45

45

3 Collaborations are Invariably harmful
to indigenous research and development; and

4 Government control of royalties effective-
ly reduces cost of technology;

The stud}- also brings out the close rela-
tion between post-war imports of technology and
capital; underscores the importance of research
and development in reducing imports of techno-
logy as well as of bringing down its supply price;
and emphasises that 'if research and development
is to serve this purpose, results must be compar-
able to the world's advanced technology.

J 6

574 Auimilation of Technology is cOltly

It may be seen that even developed coun-
tries borrow technology from abroad. But to be
able to utilise it profitably and generate newer
technology for "sale" in the international market.
it needs a suitable Rand D facility to adapt. in-
novate and absorb the knowledge into the system.
This again can be expensive. For sophisticated
technology is often made available in the form
of costly equipment and specialist personnel.
Basic knowledge about the te chnotogy may be
acquired through training abroad, publ is hed
documents. technical information centres. licens-
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ing agreements, etc, but technology transfer
does not easily take place in thisIHGFEDCBAw a y . In addition
to developing the necessary skills and abilities
for using the technology, there needs to be good

management, organisation of production and mar-
keting facility. A constant stream of innovation
has to be stimulated and rrrax irnurn proCiuctivity

should be aimed at. The structure of econornTSRQPONMLKJIHGFEDCBAy ,

Table 12

Finns' Sales and Form.a of lrn.ported Technology

Form. of Technology Firm.s' sales (m.illion Rs. ) Total

<5 <10 <50 < 100 7100

Major im.ports of technology 281 333 825 388 361 2,188

Production knowhow 249 303 725 339 298 1.914

Plant construction 32 30 100 49 63 274

Preinvestm.ent service 9 57 18 26 110

Problem. solving 14 13 43 26 35 131

Indian personnel sent abroad 2 2'

Foreign personnel sent to India 4 3 5 3 15

Drawings and specifications 11 17 63 26 28 145

Patents 16 4 82 39 40 181

All im.ports of technology 326 376 1.073 502 495 2.772

Other proposals 9 6 5 20

Total 335 376 1.079 502 500 2.792

Table 13

Form.s of Technology Im.ported by Manufacturing Industires

Form. of Technology Im.ported in Million Rs ,

Preinvestm.ent service

2.270

2.036

234

66

69

2

10

125

129

2.671

.12

Major Im.ports of Technology

Production knowhow
Plant construction

Problem. solving

Indian personnel sent abroad

Foreign personnel sent to India

Drawings and specifications

Patents

All im.ports of technology

Other

Total 2.683
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availability of local expertise in adequate measure,
and the pattern of organisation and management of
Rand D and of industry and the distribution of
scientists and technologists in research and indus-
try affect the productive utilisation of ideas. In
general, the wider the disparity in economic and
technical levels between the cooperating countries,
the less successful the transfer and adoption of
technology is likely to be.

58 Socio-Political Factors

Several socio-political factors affect the
transfer of information and of technology itself.
Some factors are mentioned here.

Control or manipulation of content of inform-
ation available for transfer or actually transferred
including:

I Censorship (political, ethical, religious);
and

2 Selection of technology for transfer (that
i::., condTSRQPONMLKJIHGFEDCBAi t ioning).

Schism that develops between those
able and those unable to accomplish informa-
tion and technology transfer. These can result
from sever al cuas e s such as

1 Lack of education and training to inter-
pret the information and technology transferred;

2 Lack of education and training to e st a-
bli sh the tr an sfe r path;

3 Monopoly or oligopoly control of
technological information;

4 Class and group structure differences;
5 Cultural differences;
6 Cost of access to technology;
7 Cost of using the technciogy;
8 Lack of common language;
9 Difference in background experience.

581 Misunderstanding and Misinterpretation

The experience of several UN missions to
different areas of the world to introduce new
ideas, innovations, and technologies, confirm
the impact of socio-cultural and political factors
on the succes s or otherwise of the mission . A

good proportion of the failures is due to mis-
understanding and misinterpretation of the
socio-cultural systems of the adopting country.
The technological achievements since World
War II have been so dramatic that we have been
able to shar e the hope that the pe ople of the
world need no rnor-e go hungry, ill-clad, or un-
sheltered due to lack of knowledge - - that is, in-

18

accessibility to knowledge and/or the means of
its utilisation. Yet we .see vast numbers of
people are living close to misery,fear,tension,
and conflict. In many-a case, even where pro-
grammes for the sharing of the affluence and
miser y between the haves and have -nots have
been trie d, the result has not been very encour-
aging. In some cases,it has been disastrous.
Misunder standing born out of ignorance has
been the principal cause of such a state of
affairs. We have been warned "how destructive
contact has been in the past between technologi-
cally developed and technologically less de-

veloped cultures, how often the price of pro-
gress has been to turn proud aristocratic no-
mads into pitifully limited factory workers,
shorn of their own tradition and pr ovi.dedwit h
no new values. What is the cost of technologi-
cal change" in ter rns of the human' spir it? How
much destruction of old values, disintegration
of per sonality, alienation of parents fr om
children, of husbands from wives, of students
from teachers, of ne ighbour from neighbour , of
the spirit of man from the faith and style; of his
traditional culture 'rnuat there be? How slow
rnust we go? Mar gar et Mead points out that
these are some of the sociological questions to
be considered in any attempt at information and
technology transfer.

6 ADAPTING THE SYSTEM AND PROVI-
SION TO MEET NEEDS

61 Trend

With a view to keeping pace with the
growing demands of society, the developing
countries in particular are placing emphasis,
among other things, on the following factor s :

I Produ:ing a variety of commodities and
services in increasingly larger quantities;

2 Developing the know-how -- through
its own Rand D effort and on the basi s of R
and D WOr k done el sewhere - - to conver t the
unconsumable natural and near-natural raw
materials into consumable commodities;

3 Maximum practical utilisation of new
ideas generated by research and innovation
anywhere;

4 Securing maximum productivity in
research, in the application of the findings of
r e'sear eh, and in the production of cornmo-
ditie s and services; and

5 Promoting a research and industrial
climate conducive to new discover ies inven-
tions and innovations, '
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62 Protracted Process of Assimilation

The mere production and accumulation of
a large volume of know-how does not ensure
its proper and full utilisation by industry.
Being aware of the existence and the availa-
bility of know-how also does not ensure its
proper and full utilization. After research
has created a piece of knowledge, ther e is
usually a long incubation period before that

knowledge gets assimilated. in the stream of
commodities and services. There is a long
chain of events that usually links the idea
generated by research with the commodity or
services to which the idea ma v lead.

63 CASTASIA Recommendations

It will be appropriate to recall here the
relevant recommendations of Castas ia r egard-
ing technology transfer and national policy on
science and technology in Asian countr ies in

the pe r spective of overall national develop-
ment.

631 Indigenous Research vs Imported
Know-how

I A country aspiring for rapid economic
growth through industrialisation should

II Ensure fr ee flow of imported tech -
nology

12 Spend on this account an amount at
least equal to or even much more than that
spent by it on its own research and develop-
ment;

2 A country which has already establish-
ed anTSRQPONMLKJIHGFEDCBAinduetrial base in various sectors of
economy should take steps to

21 Spend a larger amount of money on
indigenous research and development in such
sector s than on importation of te chnolog-y:

22 Provide incentives to local industries
to make them seIf-cr el.tant. Such industries
should be given preferential tr eatrnent- of a
fiscal and financial nature, such as tax relief,
subs idy etc. Such preferential treatment
should be accorded to industries which intend
to commercialise the know-how of a high
quality developed through their own efforts as
compared to other i.ndustries which have been
established with imported know-how and which
continue to depend for fur ther development on
i:mported know-how.

632 Promotion of Innovation

1 The government should
11 Formulate a policy for encouraging

and supporting innovation and that this policy
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be carr ied out by institutions specially set up
for the pur pose, along with productive enter-
prises and laboratorie s for applied research.

12 Bring about a cl,o ser relation and
cooperation between the univer sity and the :.n-

du strial community.
13 Study the feasibility and appropriate-

ness of developing innovation research centres
and promotion centres in order to formulate
and implement the technological innovation

pol icy.
14 Seek the cooperation of the top mana-

gement per sonnel of the science-based indus-
trial enterprises in setting up this policy.

2 The ECAFE, along with the Unesco and
other agencies of the United Nations, could pro-
vide assistance in the establishment of the
innovation centres.

633 Information Needs

1 The government should
II Give pr iorlty to the development of

scientific and technical information services
at the national level.

12 Explore new channels and methods of
exchange of information between the developed
and developing countries with particular refe-
rence to the industrial application of science
and technology.

2 The scope of documentation of science
should cover the:Held s of engineer ing and
technology.

3 The Unesco should, as it has done in
the past, assist in the extension of the activi-
ties of the existing national and regional docu-
mentation centre s and in the establishment of
new centre s in appr opr iate subject Helds and in
reg ions in the gr oup of developing countr ie s,

634 Human Resource

1 :The government should pay special
attention to the development of human resources
needed to ensure sustained scientific and
technological development.

2 The developing countries should share
their experiences in planning their respective
scientific and technological manpower and for
this purpose, secure cooperation among them-
selves on a regional basis.

3 Promote the exchange of scientists and
other experts between developing countr ie s.

4 Special attention be given to the pro-
ductive utilisation of trained personneL in-
cluding the provision of appropr iate support
personnel in adequate number.
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5 Priority should be given to establish
training facilities for technicians, operators,
and skilled artisans. For this purpose, the
cooperation and collaboration of technical insti-
tutions, industrial enterprises and universities
may be secured.

635 Financial Resource

1 The developing countries should aim at
reaching a minimum level of total national
expenditure on research and devel oprne nt equal
to 1 per cent of their respective GNP by 1980,
if not earlier,

2 Spec ial attention should be pa id to the
proper rneasur erne nt of the exp end itur e on
research, e.xper-Lrrienta'l devel oprne ntal and
related scientific activities. '

636 Science Policy and National Socio-Eco-

nOITlicPlanning

The gover nrne nt should
1 Ensure that national goals are trans-

lated into scien tific rriiss ions, wherever appr0-

pr iate, by the national pol.icy-mak ing body
concerned.

2' Make available the resources needed
for the research projects derived from these
scientific rnis s ions and ensure the coordination
of the various research projects.

3 Identify bottlenecks in hwnan, finan-
cial, organisational or infor rnat ional r esour-
ces, which hamper the proper lmpl.ern.entation
of the research and devel oprnent projects.

4 Make fuli use of the possibilities for
international collaboration and assistance, In
particular those provided by the UNDP and
other specialised agencies of the United Na-
tions, such as the Unesco inTSRQPONMLKJIHGFEDCBAimpl erne nt lng the
national research and deve lopme nt pr ogr a rn-
rries.

5 Ensure that the Long=te r rn scientific
per spective and technological forcasting are
worked out on a continuing basis by the nat lonal
science planning body.

637 Lu:ernational Cooperation in Science,
TechnOlogy and Production

The govermnents of Asian countries
Unesco, and other agencies of the United Na-
tions should

1 Or gani se, promote, and facilitate
international and regional cooperation with the
objective of integrating science, technology
and production in the various countries of Asia,
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with the Unesco Regional Centres for Sc ience
and Technology playing an important role

therein.
2 Arrange for rnore detailed collabora-

tion in planning as well as in exchange of sci-
entific i nfor rriat ion and experience -- through
rrieet lngs of s cien ce policy experts, surveys,
and study of the establishment of a regional
clear ing house for scientific and technical in-
for rnati on needed for science policy planning.
This will, in due course, facilitate the pooling
of experiences, research facilities, resources,

etc in the Asian region.
3 Investigate ways and rne ans of pooling

the scarce resources of Asian countries --
hurnan and rnat er Ia.I,

4 Investigate the possibility of extending
bilateral institutional links between countries

of the region.

7 CONCLUSION

71 Infor rnat Ion Transfer Precedes Techno-
logy Transfer

The key role of technological change as
a factor contributing to the ecoriorrii.c growth
of a country is evident. Technological change,
in its turn, is dependent on Rand D activity.
But, there is at irne-dag between the generation

of an idea by research and its incorporation
into the rna Ins tr ea m of production of COJIlJIlodi-
ties and services. This is true of the diffusion
of te chnology from one country to another, fron:
one enterprise to another, as well as diffusion
within a firm. Several factors contribute and
complicate the process of diffusion of techno-
logy. Any information dissemination sy ate rn,
whether it be national, regional or industrial,
.which seeks to reduce the time-lag between an
invention and a subsequent innovation based on
it, and thereby accelerates the process of dif-
fusion of technology between countries, between

enterprises and within an enterprise. should
take cognizance of these factors.

72 Need for an Infra-structure to Channelise
and As's imilate InforJIlation

. Today, India is attempting a fast pace of
Industr ial isat lon. All her commodities should
soon stand competition with those of other

countries. For this purpose, our industries --
large scale, medium- scale ,and small-scale --
should soon become fully' based on research and

know-how particularly that generated within the
country. To conserve the potential of special-
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is ts in industr ial organis ations, ever y enter-
preneur, industr ial ist, and shareholder must
accept that infor mation and knowledge ar e the
bases of gainful decisions and of productivity.
And to keep itself in the vanguard of progre ss ,
it must contribute to or make adequate provi-
sion for the selection, acquisition, organisa-
tion, dissemination, and utilisation of the in-
formation generated within the firm, within the
industry, as well as from documents. All the se
media could be most effectively uitlised when
there is a device, or agency to search for,
receive, select, organise, channelise the infor-
mation to the points where it will be utilised in
innovative and decision-making situations. The
return on the investment on such a device or
agency is not to be mea sur ed merely in te r rns
of an irrrrnedia te profit each year; it
should also be viewed in the broader per spective
of building up an infra-structure and supporting
agency for the dcveIopme nt of the industry and
of the ecnorny of the country as a whole. This
is the experience of industrially advanced coun-
tries also. GilInore and others, on the basis of
investigations have pointed out that the cost of
acquiring information from outside a firm in the
United States exceeds Rs 18.000 per professio-
nal employee, adding the cost of overheads to
salar y, 'and including the cost of reading, tele-
phoning, attending conferences etc.

73 A Measure of Development

The Conference Board recently pointed
out: "T he world comput er population ... is an

approximate index of comparative information
advantage in the world. Were we to extend
this index to other aspects of theTSRQPONMLKJIHGFEDCBAinfor rnat iorr
process, such as proportion of Rand D in
various countries, number of professional
scientists, teachers, etc and correlate this
with GNP and social standards, we would find
that, now, :gossession of various capacities to
process inforInation and operate advanced_
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communications is a more precise indicator of
relative develop=ent than many other measured
indices presently in use. The -infonnation
rich' nations tend also to be materially rich
with potential advantage for becoming richer;
the ninformation poor" nations tend also to be
poor in most other material respects and have

least advantage".

8 PROPOSITIONS FOR CONSIDERATION

Proposition 1

The establishment of an "innovation

bank' in the country to receive. register. and

to disseminate information about new' technical
know-how generated within the country and that
flowing into the country in one manner or other,
would facilitate the accessibility to ne~ know-
how and coordination of technology trans Ier to
institutions and individuals.

Propos ition 2

There should be increasing emphasis on
and implementation of applied research, effi-
cient rnanagerne nt , and adequate information
facility in industrial enterprises for the purpose
of creation of an environment conducive to
accelerating innovation and adoption of new
knowhow into the pruJuction stream.

Propos ition 3

The de sign of technology transfer systems
should take cognisance of the

a) Differential rate of transfer of tech-
nology in different types of industries and
.enterpr ises; and

b) Role of religious, educational, histor i-
cal, political, economical, sociological, and
scientific and technological character istics of
the g lver and of the receiver of know-how, and
also of the characteristics of the medium. and
mode of transfer.
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APPENDIX I; CAST ASIA MODEL
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