LECTURE 1 06 January 1988

SCl ENCE, TECHNOLOGY, SOCI ETY AND | NNOVATI ON
(Amul ya Kumar N. Reddy)

1. | NTRODUCTI ON

The aim here is to present an overview of Science and Technol ogy and
their inter-relationship in the context of Society. This overview wll
utilize one of the min features of the scientific nethod, viz., its

construction of nodels, to analyse the interactions between Technol ogy and
Soci ety and between Science and Technol ogy, and to represent the process of
i nnovation which is the sequence of steps to transform an idea into a product
or service in the econony.

2. TECHNOLOGY- SOCI ETY | NTERACTI ONS

The starting point of the present analysis is the view that both
Technology as well as the productive apparatus of society (its industry,
agriculture and services) respond to social wants*, which are in turn nodified
and transformed through a causal chain, or rather causal spiral. A deeper
under st andi ng of technol ogy-society interactions is facilitated by the sinple
nodel shown in Figure 1.

Every society generates wants, and these wants can be satisfied through
goods and services produced by industry, agriculture and the service sector
either with available technologies or with new technol ogi es devel oped by the
institutions responsible for the generation of Technology, viz., the
educational and scientific and technol ogical institutions.

Al  social wants, however, do not necessarily receive a positive
response. There is a process of filtering these wants, so that only some of
them are transmtted as demands upon technol ogical capability, and the rest
are bypassed either by the productive apparatus not deploying available
technol ogies or by technology-generating institutions not developing the

requi red technol ogi es. In other words, there are ignored wants that are not
included in the product-mx of the econony despite the availability of
t echnol ogi es, or that the educational, scientific and technol ogical

institutions avoid in their research and devel opment programes even though
the satisfaction of these wants requires the generation of new technol ogi es.

The process by which a society arrives at a particular product-mx is
outside the scope of this lecture -- it is a matter of conventional politica
economy. In contrast, the filtering process which results in a particul ar set
of social wants being responded to with Science and Technology is inportant
for the anal ysis here.

This filtering process is operated by decision-nmakers at four |evels:

*At this stage, the neutral word "wants" has been used quite deliberately.
The conversion of "wants" into "denmands" and the distinction between "denmands"
and "needs" is discussed | ater.
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(i) the national |evel through the apportioning of nationa
research and devel opnent budgets,

(ii) the agency or corporation |evel where each agency or
corporation gives a specific orientation to its m ssion
or charter,

(iii) the institutional |evel through the special enphasis
gi ven to various programes, and

(iv) the individual level through the notivations, predelictions and
capabilities of scientists and engi neers.

Al these decision-nakers are either conscious agents of social and
econom ¢ forces, or are unconsciously influenced by those very forces.

In untenpered market econonmies, the forces are sinple - they are the
forces of the market-pl ace. Only wants which can be backed up by purchasing
power become articulated as demands upon the research and devel opnent
institutions, and the remaining wants are bypassed, however much they nmay
correspond to the basic mninmum needs of underprivileged people. Thus, I|ike
all comodities in these econom es, Technology too is a cormodity, catering to
t he denmands of those who can purchase it, and ignoring those who cannot afford
it.

The generation of Technology involves the so-called "innovation chain"
which is the sequence of steps by which an idea or concept is converted into a
product or process. This sequence of steps varies with the circunstances, but
can often by schematically represented thus:

Idea ----> Research ----> Developnent & Design ----> Engineering for
Manuf acturing ----> Manufacturing ----> Product/Process.

The step of Devel opnent and Design may include Pilot-plant trials and that of
Engi neering for Manufacturing may include Scal e-up, Production/product/process
engi neering and Pl ant fabrication.

It is essential to note that socio-econonm c constraints and environment al
consi derations enter the process in an incipient form even at the stage of
formul ation of the research objective that evokes the idea, and then | oom over
the chain at several stages. These constraints are in the form of preferences
or guidelines or paradigns, for exanple, "Seek economes of scale!"”;
"Facilitate centralized, mass production!"; "Save |labour!"; "Automate as mnuch
as possible!™; "Don't worry as nuch about capital and energy (in the days
before the energy crisis) as about productivity and growth!™; "Treat polluting
effluents or em ssions as externalities!”; "Only worry about the unit cost of
the product from the point of view of the entreprise, and let social costs,
e.g., damage to conmmunity health or increased |oad on the transport system or
exhaustion of non-renewabl e natural resources, be society's problem"; etc.
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Thus, every Technol ogy that energes fromthe innovation chain already has
congealed into it the socio-economc objectives and environnenta
consi derations that actors in the innovation chain introduced into the process
of generating that Technol ogy. Further, at a previous stage in the spiral the
very decision to respond to a particular social want by generating the
necessary Technology is the result of a deliberate filtering process w el ded
by deci si on- makers.

The Technol ogy that enmerges from the innovation chain will beconme an
input, along with land, |abour and capital, to establish an industry or
agriculture or service if and only if the aforesaid socio-economc and
environnental constraints are satisfied. Thus, it is not only the technica
efficiency of the Technol ogy, but also its consistency with the soci o-econonic
val ues of the society, that determ ne whether a Technology w Il be depl oyed
and utilized.

Social wants are not static. The products and services that are produced
create new social wants, and in this process the nmanipul ati on of wants through
advertising, for exanple, plays a major role, and thus the spiral

Social wants ----> Products/services ----> New Social wants ----> .....

Since social wants, which are the driving force of technol ogica
devel opnent, are thenselves transformed by Technol ogy (and its enbodi nent in
i ndustry, agriculture and the services), it is clear that Technol ogy shapes
soci ety.

The nodel also reveals that every pattern of Technology is socially
conditioned. Technology is a product of its times and context, and bears the
stanp of its origins and nurture. It is in this sense that Technol ogy can be
considered to resenble genetic material that carries the code of the society
which conceived and nurtured it and, given a favourable mlieu, tries to
replicate that society.

The replication of society referred to above is neither automatic nor
inevitable, it is successful only when a host of environnental factors are

favourable - hence, the argument is not tantamount to technol ogica
determ ni sm Further, it has been enphasized that Technology itself is
socially conditioned - hence Technology is not viewed as an autononous factor
and a notive force outside society. O course, all this is obvious to
archeol ogi sts who must proceed fromthe material products of Technol ogy, i.e.

tools, artifacts, etc., to reconstruct the vanished society and its culture
and to soci al ant hr opol ogi sts who cannot but consi der

t echnol ogy-i ndustry/agricul ture-society interactions.
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3. SCI ENCE AND TECHNOLOGY'

The conventional view is that Science is the activity of understanding
nature, and Technology is the activity of applying Science to bend nature to
the will of human beings. Al so, the outcome of Science is believed to be
di scovery and an understanding of nature, and the result of Technol ogy,
invention and the know edge required to produce goods and services from
natural resources.

This is too sinplistic a view and it is necessary to study objectively
what are the features that make Science simlar to Technol ogy as well as those
that make it different.

Such an objective study requires that attention should be focussed on
research where lies "the cutting edge of creation where new things are
happeni ng. "

In both Science and Technol ogy a special value is attached to creativity
whi ch invariably consists of combining ideas in interesting ways that do not
stri ke nost people.

Conpetition is a mpjor incentive in both Science and Technology -- the
bi ggest part of the notivation in a technologists or a scientist is "getting
there first, before the other fellows."

VWhat is the criterion of having got there first? In Science, it is first
publ i cati on; in Technol ogy, it is first appear ance of the
product/ process/system in the economny. A scientific activity ends therefore
with a publication; a technol ogical activity culmnates with publicity for the
end- product / pr ocess.

In Science, the nore openly you publish, the nore secure is your claim
in Technology, it is otherwise, the nore protective and/or secretive you are
till the product or process is inplenmented (after which you nust advertise to
sell the product/process as much as possible), the greater the exclusivity you
mai ntai n on your property.

Thus, the different outputs of Science and Technology can be used to
di stinguish them-- if the main outconme of research is know edge which has to
be published openly for priority to be established, then the activity is
Science, but if the result of effort is a product or a process which can be
bought or sold then the activity is Technol ogy.

The inputs for Science and Technol ogy are also different -- the input to
a scientist are all the papers produced by his colleagues and their
predecessors ( "Each scientific paper seens to build on to about a dozen
previ ous papers."); the input to a technologist is nostly the body of previous
i nnovati ons and know edge rather injection of any new scientific know edge.
That is why there is a research frontier in Science, and a state of the art in
Technol ogy.

Despite these differences in inputs, the patterns of exponential growth
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are simlar -- under condi tions of nor ma
" Quotes in this section are from Reference #3.
grow h, Science begets nore Science, and Technol ogy begets nore Technol ogy.

The analysis must now shift its focus from Technology- Society
interactions to the the relationship between Sci ence and Technol ogy.

This interaction (Figure 2) between Science and Technol ogy takes place
t hrough the innovation chain which converts an idea into a product or process.
The generation of Technology, i.e., the passage through the steps of the
i nnovation chain, has to be based on an understanding (even of an enpirica
nature) of the |aws governing natural phenonena, including the properties and
behavi our of materials, and the process of transformation of substances. | f
this understanding already exists, then Technol ogy thrives on known Science
but if the relevant aspects of nature are not understood, then Technol ogy
throws up basic problens along with a pressure for their solution. Under this
pressure, the fundanmental questions of Technol ogy become a dom nant concern of
Sci ence and | ead to new know edge.

But Science is also propelled along by its previous pre- occupations and
by the carried-forward bal ance of unsolved problens. Thus, Science devel ops
through the interplay between the nonentum of its past concerns and the
continual chall enges posed by Technol ogy.

Both these driving forces are invaluable. 1In the absence of an interna
dynamic arising directly from previous work and indirectly from its whole
history, Science will becone a subservient slave of Technol ogy, rather than an
i ndependent ally able to sumon accunul ated wi sdom to cope with the frequent
changes in technol ogi cal goals. In the absence of a technol ogical pressure
Science will be deprived of the invigorating effect of new chall enges. For,
as social demands change, the goals of Technology alter, the basic problens
whi ch Technol ogy poses becone different, and fresh scientific tasks arise.

Technol ogy, therefore, is a stimulus to Science and produces the changes
in its principal foci of interest. The effects of technological stimuli are
anplified through the distribution of funding over the different fields and
sub-fiel ds of Science because this distribution is usually strongly influenced
by the distribution of funding over the various areas of Technol ogy.

Technol ogy nourishes Science, not only with rel evant basic problens, but
in a concrete way with materials, fabrication techniques and scientific
instruments to tackle these problens. These materials, techniques and
instruments are supplied by Technology to Science via industry. Thus, the
scientific instrunents industry has assumed a conmanding influence over
Science. There are even situations and periods when it is not clear whether
t he demands of scientific research evoke the supply of scientific instrunments,
or the production of instrunents creates a demand for them and enforces
specific types of enquiry. Indeed, the distortion of research by instruments
would be nore conmmonplace were it not for the fact that technol ogica
pressures are a powerful orienting force on Science.
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It nust be concluded, therefore, that Science and Technology are in
interaction with each other. This interaction serves to keep the two grow hs
i n phase, and nmakes the exponential growths of Science and Technol ogy parall el
each other. Furt her, since Technology and society are closely coupled, it
follows that Science also is socially conditioned, albeit indirectly. But ,
the influence of society over Science is much weaker than its inpact on
Technol ogy because the internal dynam sm of Science nakes it nore autononous
and confers upon Science its international character. Technol ogy, on the
other hand, is a function of the socio-econom c conditions of a society, and
therefore much nore national in its conpl exion

The fact that Science and Technology are relatively |oosely coupled
suggests that "without a live tradition of Science you cannot engage in
t echnol ogi cal growt h". This fact also leads scientists -- in times of
scarcity of funds -- "to prom se them Technol ogy, make good if you nust, but
really give themthe pure learning that you want and you know they will need
in the end." Mbdreover, the coupling suggests that we "can adopt a Science for
Sci ence's sake policy provided we are clear that this can always be justified
by the .... vital link with Technol ogy. W need Science so that technol ogists
may grow imrersed in it"

The | oosely connected systenms of Science and Technol ogy operate "with
very different types of people involved for very different notivations and
pur poses and even trainings."

Further, in Science, only about 20% of the human output of the
educational systemis recycled back into the educational systenm the other 80%
are hired by society to do various jobs in Science and Technol ogy. "For every

man in the universities that does research and replicates hinself at the rate
of exponential growmh with fresh Ph.D. students there are four or so who work
in industry or in governnent naking the things that society wants to buy."
There are four technol ogists produced by the system for every scientist, and
in the industrialized countries, about 4 times as nmuch is spent on creating
new product s/ processes as on generating new know edge.

Finally, it is inmportant to realize that the product/

process-m x that emanates from Technology is a function of the country. "In
Technol ogy, society can buy what it wants up to a set maximum |In Science you
have to buy, nore or less, what nature will give you, in quantity as well as
quality. In Science, even though society pays, there is still some sort of
i npersonal dedication to nature's rules. In Technol ogy, there is always
somet hing nore than the conpetition. You are supplying sonething that society
wants to buy, and you nmust be careful that it is something that you want to
give your |life to nake." A technologist therefore has "a citizen's
responsibility to judge where to put his weight. Al citizens nust be clear
that they constitute the society that has the power to buy or not to buy any
gi ven Technol ogy." Revul sion against the use of technol ogi es nust be directed
"at the ordinary political processes whereby society decides it wants to buy
such a product."”
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4. THE | NNOVATI ON CHAI N
Before proceeding further, it is wrth going deeper into the
transformation of research into technol ogy and the process of innovation.

I nnovation is distinguished in the literature on the study of Science and
Technol ogy frominvention even though these two terns are used interchangeably
in ordinary |anguage. The terminnovation is used to describe the process of
transformng an idea or concept into a product/service in the econony. It
i ncl udes much nore than the terminvention which is usually restricted to the
process of going from an idea or concept to a contrivance or prototype or
design. Innovation nust involve in addition to invention the crucial process
of commercializing or installing the product or service in the econonic
activity of the country.

The process of innovation can be represented -- as pointed out above --
by the so-called innovation chain which is the chain of steps |eading from an
i dea or concept to a product/service in the econony. The exact sequence of
steps depends upon the sector -- industry, agriculture, transport, education
heal t h, comuni cation, etc. In the case of manufacturable product or service
one possi bl e sequence of steps may be as foll ows:

| dea/ Concept ----> Relevant Basic Research ----> Applied Research ---->
Devel opnent & Design ----> Engineering for Manufacturing ----> Manufacturing
----> Marketing ----> Product/ Service

In this nodel of innovation, Relevant Basic Research (RBR) refers to the
synthesis or assenbly of understanding relevant to the technol ogical
objective; Applied Research (AR), to the activity of denonstrating the
technical feasibility of the synthesis of understanding leading to a new
product/service; Devel opment and Design (D&D), to the activity of com ng up
with a version of the new product/service that will "work"” in the econony,
i.e., that neets performance, reliability and economc requirenents;
Engi neering for Manufacturing (EfM, to the activity of denonstrating that the
wor ki ng product/service can be manufactured at a price acceptable to the
econorny. The output of RBR is new concepts/materials, that of AR a feasible
devi ce/techni que, that of D&D, a working device/techni que/system and that of
Ef M a manuf act ur abl e devi ce/ system

Concept ---> Feasi bl e Devi ce ---> Wor ki ng Devi ce ——e>
Manuf act ur abl e Devi ce

The process of research covers Relevant Basic Research and Applied
Research, and "devel opnent” covers Devel opnent & Design as well as Engi neering
for Manufacturing :

Research = RBR + AR
Devel opnent = D& + Ef M
R&D=RBR+ AR + D&D + Ef M
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The research part of an R&D organi zati on has two functions:

(1) it generates relevant research,
(2) it recognizes relevant research wherever it is done.

Qoviously, the fraction of research that is internally generated nust depend
on the size of the organization -- the smaller the organization, the snaller
the fraction of research that is done internally or "in-house", but this
fraction should not be "zero", because "you can't get fromthe general pool of
research without giving sonething back".

An invention consists of the prototype after devel opnent and design, and
the technology for the product is the result of research, Developnent and
Desi gn, and Engineering for Manufacturing. But, an innovation is achieved
only when the product turns up in the econony. I nnovation, therefore, is a
much | arger task than both Invention and Technol ogy.

The RBR --> Technol ogy system consists of the whole sequence of steps
consi sting of:

Rel evant Basic Research ----> Applied Research ----> Developnent & Design
----> Engi neering for Manufacturing ----> Technol ogy

with each of the steps having special functions, distinctive outputs and
nmeasur es of perfornmance.

The sequence is not nmerely a succession of steps, but a system wth
forward-action fromstep to step as well as feed- back. It is a system based
on people, and what the system handles is information which is passed from
stage to stage via the people involved in these stages. Thus, the RBR -->
Technol ogy system is a peopl e-based system for information processing, the
information flow being affected by: (1) |anguage, (2) notivations, (3)
organi zati onal structure, and (4) the accessibility of people. Speaki ng the
same | anguage i s obviously a necessary condition for comrunication

Anot her necessary condition has to do with notivations and aspirations.
Commonness of goals, leading to the feeling of a shared nmission, nakes people
want to communi cate with each other. The definition of the corporate or group
goal has to be achieved by meking a synapse or conjunction between the
know edge of need(s) and the know edge of possibilities, but once the goal is
defined, the group needs that it inplies nmust perneate the consci ousness of
i ndi vi dual s. Then, each person in the group can scan his area of expertise
and | ook for those areas and solutions that are nost relevant to the goal
Indeed, if the goal is challenging and worthy of pursuit, then the nenbers of
the organization have no trouble picking the relevant job and choosing the
area of relevance. In this matter, both the societal and the technical nature
of the corporate/group goal are extrenely inportant. The formul ati on and
propagati on of the purposes of the R&D organization (provided these purposes
are broad and chal | engi ng enough) does not inhibit the freedom of the nenbers
who work there. They still have and make choices but they do this on a
conscious basis with the full know edge of whether their choices are rel evant
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or not. They also play their roles in educating the group by comunicating
with their colleagues. Thus, sharing the sane notivati ons and aspirations by
virtue of a common goal is another necessary condition for the desire to
communi cat e.

But the conditions of a common |anguage and goal are not sufficient
because the flow of information between any two stages al so depends upon the
or gani zati onal relati onship between the two stages and their spatial

disposition wth respect to each other. In fact, the organizationa
rel ati onship between the two stages and their relative spatial disposition can
be so arranged as to either facilitate ot hinder the flow of information. In

particul ar, comrunication is greatly facilitated both by proximty ("being
able to have coffee together"”) and bel onging to the same organization

These ideas can be used as a basis for the I|inkages between the
successive stages in the RBR --> Technol ogy system For instance, consider
the relationship between RBR and AR stages. There must be feedback so that
RBR maintains its relevance, and this can be facilitated by a spatial bond
between RBR and AR However, AR nust not be allowed to dictate the choices of
the researchers in RBR -- hence, it is sensible that an organizational barrier
be interposed between AR and RBR

---SPATI AL- - - -
X
RBR X AR
X
org. barrier

Wth regard to the AR and D& stages, a spatial barrier is inmportant to
prevent D& from over-influencing the directions of AR but at the same tineg,
an organi zational bond will ensure that AR will be responsive to the problens
of D&D.

- - ORGANI ZATI ONAL- - - -
11

AR 11 D&D
11

spatial barrier

Finally, in the relationship between D& and EfM an organizational
barrier is essential to prevent manufacturing crises fromstopping D&, but at
the sanme tine the overall efficiency would be inproved by a spatial bond to
link R&D to manufacturing.

----SPATIAL------
X
D&D X Ef M
X
org. barrier
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Thus, the whole RBR ---> Technol ogy system can be represented thus:
BOND ---SPATI AL------- ORGANI ZATI ONAL- - ------ SPATI AL- - - -
X 11 X
STAGE RBR X AR 10 D&D X Ef M
X 11 X
BARRI ER org spati al org

The possibility of control over information flow through the steps of the
i nnovation chain permts control over the efficiency of the RBR --> Technol ogy
system The guidelines are:

(1) information flow is wvirtually prevented if there are both
organi zati onal and spatial barriers between two stages -- hence, both types of
barriers nust never cone together;

(2) information flow between two stages is maxim zed if there are both
organi zational and spatial bonds, but if one of the tw stages is
organi zationally nore powerful, the floww Il be biased in its favour

(3) a barrier of one kind nust always be acconpanied by a bond of the
other kind to get the desired flow of information
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