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Choice of Technology:
Some Forethoughts on a Socio-Technical Approach™

Or. TeKe Moulik & R.K. Gupta
Indian Institute of Management, Ahmedahad

1eving LGJLS Horowitz wrote more than a decade ago that "™with remarkable
consistency, early pioneers of sociclegy believed that engineering, as a
practical art and an applisd technigue, offered the bast supportive model
of any meaningful science of society. It waould seem that the situation
has now become reuersed.ﬂ1 But recently, wWilliam rFottee Whyts lamented in
almost = confsésional way that the social scientist on facing this challenge
suddenly found himself without sufficient conﬁaptual or amalytical tauls.2
Wwhyte wrote further theb "the reformulation of social theoTy «se requires
us to examine the conditions for realization of these (humanistic} values
by concentrating upon the structural elements influencing human behaviour,
This means working at the social system FPirst in terms of technology, work
flow, division of labour, structuring of work activities and the system of

reward and penalties (both economiz and nnn—acanamic)“z

#An earlier version of this paper was presented and discussed at the Upited
Netione Researsh Institute for Social Development, Geneva on May 22, 1979,

liruing Louis Horowitz, "Enginesring and Sociolonical perspectives on develop~
ment sginterdisciplinary constraints in social forecasting®, Interpational
Social Science Journal, Vol. XXI, Ne.4, 1969.

wWilliam Faoote Whyte, Qroanizing for dopicultural Develcpments Humen Aspects
in the ytilization of Science.and Technology, Tronsaction Books; NeJe, 1975.

diiliam Foote Whyte, opecits
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With these comments I confront both the technologists and the applied
social scientists to look at the problem of techneological advancement
afreshes An fmmediste collaboration bstween the two streams of knowlsdge
may be the most appropriate first step in this direction but that wouldntt
be enough. We will have to transcend the disciplinary boundaties to gain a
‘ Fresh look at our reality and do something about i{t. In the following,

Ye will present our own corceptual attempt in this direction in the form
of a socio~technial approeh elabdrating some of the aspects of this
approfch wik{sh seem to have direct relevance for the guestion of choice of
techrniology.

Socio-techq;caiagproach

We so far, find it impossible to conceive of reality out of the space-tims
continuum, i.s., We as average human beings, cannot think of an "svent"
which dues not orave for a space-~time reference, This limitation of our
comprehension indicates to us that all events are embedded in space~time
continuume This is the material aspect of reality; In an epistemclogical
effort, the acceptance of the material nature of all phenomena is an
attempt to grasp the existence, continunance and mﬁvement of matter,

fﬁis materit 1 image of reality has been tha basic fremework for
understanding -'objectiue' reality in neturel scisnces and $heir application
in the form of technologye In this freme,, the criteria of choice alsc
have concomitantly been material. This meterizl conception of roality has
also been the basis for major contents of life sclence where the corporeal
rature of plants, animels and humen beings has been studied to 2 grest

advantaga.
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But, we have not yet explicitly steted the necessary presence of af ledst

one human being (“the primal inguirer" ) even to conceive of space-time
framework. We do so now and discover tt#t zllspace-time coordinates do not
'maan.' the same to us, We seem tohave an svoluative cnnscious-ness which
attaghes meaning to matter., And there are so mony more human beings like

us whose contents of concsciousness are not necessarily the same as ours.
The understanding of cross-culiural pﬁanomana indicokes thot one object

in the spaece=time continuum can 'mean} different things to different
individuals. That is to say that a pure material cbject con have more than
ons meaning in the multi-individunl situation: or to say it in mathematical
set~theoretic language, the mcpping from objects to meanings is not one to
onoe As @ special cetegory of this general statament some objects which
have a meaning in one caontext need not have any in anotnher, for exampls,
tha£ corner which to me is empty may mean a highly polluted space for

anextremely scology-conscious person.

Thers is another dimension to o multi-~imdividual situstion. This relates to
the presence of t*other' individuals in the context of sach of theam. Human
collectivities exhibit properties which maks special effects on the statics
and dynamics of the situation. For exampls, two human groups in the same
space~time locvation may behave differently because one has catesiveness
vhile the other does not. Add to this variability the dimension of 'meaning®
itated above and we have onother complex mapping bebween the naycholeogical

.'nd the material aspects of reality,



Mapping at the symbelic level in the cultural and psycho-dynamic sense
is just an extension of the conscious level of meanirg. At ths cultural

level, it is likely to manifest in form of norms, beliefs and values,

" In summary, what we have said abaove, is thet reality which consciousness
compreherds in space-time continuum has two sets of values; oné at the
material level and the other at the meaning level. The mapping between
the two sets appears to be & complex fﬁnction which is still far from the
cemplete grasp of scientist-human—beings. The scoio=technical approach
accepts this two-set postulation of reality and makes thse grasping of the
function relating the tmﬁ-sats as a major ohjective of human understanding.4
~ This approach is also likely tn give greater concrets results. In brisf,
such an understanding aims at the "joint optimization" of technalogical
-and soclal systams in their outputs at the material and the meaning levels.,
Extremely promising results have been reported from industrial settings

in industrially advanced nations.5

Material conditions and meaning consciousness

‘he idea of meaning level of human reality is very close to the idea of
wman conscisusness and we fesl that Marx had highlighted & very important
igpect of the socio-technical imteractive reality when he emphatically
aid that "ife is not determined by consciousness, but consciousness by
ifa.“ﬁ We feel po urge to arouse the controversy betwesn the materialists
ind idealists afresh becauss o us the controversy itself exists only at
he level of polemics, We see no problem in admitting a small minnflty

if human beings whose consciousness extends beyond their materizl condition

Political, economic or assthetic aspects of ths human reality are special
‘interpretatiens at the meaning level, They are thus integral aspects of the
. gociotechnical perspective. g

?Fred Emery and others, The Emerqence of 2 new paradigm of work, Certre for
rfontinuing gducation, Australian Netional Upluersity, Canberra, 1978,

iserman ideclogy.



(we believe we are two of theml) and it is aluays worthy of hope and efforts to
increase the number of this minority {isn't it that what we are trying by write-
ing this paperl); but nor do we feel any hesitation in saying that for a over=
whelmingly large number of human beings Marx's contention is an empirical

reality. Even the existential cry of our time that "existence prsceﬁes essenca‘"7
can be seen in this light as a cry to wake up this multitude to realize how

| iradvertently they succumb to the implicit essence of their existent material
reality, They must become aware of this seduction and reinvent their essence

transcending and transforming their immediate socio~technical reality.

. Elaborating further on the theme of consciousness, Marx has written that",,.
this is not an original, 'purs' consciousness, From the outset, 'spiritt is
cursed'uith the iburden' of matter eess Consciousness is at first, of course,
merely an awareness of the immediate sensible environment and of the limited
connection with other persons and things outside the individual who is becoming
sel f-conscious, At.the same time, it 1s a consciousness of Nature, which

firet appears to men as completely alien, all powerful and unassailable force. ..
This sheep~like or tribal corsciousness receives its further development and

extension through increased productivity, the multiplication of'needs..."a

Process of Changs

flarx saw technology as "the process of preduction by which he (man) sustains
-hie life, and by which also his social relations, and the mental conceptions

that Plow from them, are formed."g But Marx's understanding ef ths interaction

;7Jean“Paul Sartre, Whet is Existeptialism? Reporoduced in Titus and Hepp (eds.),
- Jhe Range of philosophy (2nd ed, ), Affiliated Fest-liest Press, New Delhi,

ésGerman ideclogy.
Egcapital, Vols 1.




between technology and social order also lod him to state that “No sgcial
order ever disappears before all the productive forces for which, there is
rn&m in it have been developed; and new, higher relations of production
never appear before the material conditions of their existence have matured

in the womb of the old sociei-,y.‘“:|

If we are allowed to extend Marx's concept of ‘relations of production!

to include the social-psychological aspects in addition to the %gually
understood socio-economic aSpects,;ue see the maéjor challenge as well ase

at least onerway of getting over the problem of changing material conditions
of human living. The challenge lies in confronting Marx in his diffidence
about changing "before the material conditions have matured in the womb"

and a way.out lies in squeezing and accelerating the maturation of existing

material conditions over time paving a way for a transformation intc a new

social order.

such an endeavour requires a conceptual and analytical understanding of
tacﬁnology in its relation to human consciousness. If the technological
prqgréss comes as a natural evolution of the conscinusneés as perhaps it
did in the nations which went through the complete grind of industrial
revolution, this caution does not find a chance to raise its head but
when our attempt is to accelerate the advancement of technological con-
sciousness from pre-industrial material conditions directly to an aspired
"nost-industrial" utopia we will have to confront this issue head-on, Ue

will have to explicitize the conecurrent demands on human conscisusness as
- :

0 ’
Preface to A contribution to the critique of political economy.




the technolugiéal advancement takes place, for then, we can attempt our
task of facilitating and accelerating our ideal of rapid technological
advancement from a pre-industrial® to & post—industrial era, Belaw, we.
attempt such an explicitization in brief which, if found appealing, would
require empirical verification and experimental application to form é
sound basis for technological anpalysis in a socio~tschnical framework

of societal goals.

A theory of sociotechnical devslopment

In this section, we will present a set of interlinked propositions which
connect 'scientific—technologiecal! and the 'human conscicusness ! aspects

in the precess of sgciotechnical development.

our first proposition is a normative proposition about development. It

statoss

1« The goal of development is the achievement of human satisfaction,

both Iin existent émd aspirational terms.

The next proposition is a materialistic view of such development, moderated

by valug choices, We states

24 Human satisfaction lies in producing and enjoying the desired produchs

in desired quantities.

The above is a statement at the aspirational level of human satisfaction,

while



3. Actual prodyction of desired products is determined by the perceived

Aimits to the possibile productive activities.

These perceived limits we wguate with a bolief system about techniques of

production. Putting it as a descriptive proposition, we states

4. Limits to the possible (regarding technique of production} defins the

belief systom regarding productive activities.

Ard so,

5. Any extensipn of the perceived limits to productive activities amounts

' to changing a belief system.

that
Within the boundary of this belief system, we propose/all human beings are

equally rational. By this, we mean to state two thingss one, the distinction
between the pre-industrial and industrial societies on the basis of intellece—
tual attributes is baselesa; and two, that distinction should instead be made
on the basis of the boundaries of such belief systems. To make the point
clearer, we would like to mention a particular bbundary of seientific belief
which exists even in the most advanced nations. It is the insistence of
science on observability. This particular belief hes led to a mystification
and rejection of techniques of spiritual development at least so far as
recognized scientific endeavours in these countries are concerned, To us,

it is exactly the same when a villager rejects the possibility of transfurh—
ing heat into mechanieal power, or accepting a helicopter as a humen

phenomenon,



By admitting equal retionality within the boundaries of the belief system,
‘we are equating the basic logical processes of human mind all over the world.
Within these boundaries, all the people of the world can be seen as working

on inductive and deductive logical systems., That is to say that

6. ALl productive activity of all human beings is based on a logical under=-

standing and manipulation of reality.

And so,

7. Any change in productive activity is based on a logical understanding of

the production pLocess .,

But,

B8« A change in productive activity presupposes some change in the existing

boliof system about the limits to the possible and this belicf system can have

differont nature of openness or closeness for the change.

fn elaborate, let us look at thc basic urge to cxplain in the rational humanp
being. For any phenomenon, if one explanation already exists, a new explana-—
tion has to demolish the old one, But if the explanation of that pheﬁomenon
exists in the form of a boundary relief, given the naturc of beliefs, it would
be extremely difficult of being displaced by logic. This is where there is a
distinqtion between the pure inductive logical explanations and deductive

logical explanations, and we propose that

9. Within the boundaries of the belief system about productive sctivities,

2 changg in productive activity would be humanly acceptable through inductive

logical understanding, but outside the boundary only inductive understanding

is likely to lead to @ mystification of the new productive activity,
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But,

10. Ihs boundary of such a belief system s likely to be extendsd if it is

done by extending the chains of deduction thet already exist within the system.

We will take a hypothetical cxample to illustrate the propesitione Let us
imagine a2 society whers 2 simple lever principle is used ;o obtain a mechanical
advantage, gut they are naturally limited by the best availablg stradght bams
of wood whith hoves & 1limit to their tensile strength. These two facts would
govern the perceived limit to the possibility of achisving mechanical advanptaga,
Now suppose We go with an all covered up device (a black box in scientific
parlanbet) and demonstrate a2 mechanical advantage greater than this limit,

We oan do this demonstration again and again., It is 2 kind of inductive
approach to lhcreasing technclogical understanding of the iprimitiuea', We

are sure the black box is more likely to be seen as 2 superretural miracle,

Then, We reveal the contsnte of the }black box! showing the sama level prin~
ciple even if with a stronger metal rod. We can imagine a senss of relief
and amusement on the faces of the 'primitiues}- The limits of the possible
have been extended Iin that moment, though soms mystification is left-to be

taken care of in the form of the new rod.

There ie another dimension to the extension of productive activity. This
relates %o the form and the function of such an extension. In the socio=
technical senso these two are the material and the meaning levels of the
extenslon, Any extension then can either be an extension in form only er |
only in function or in both. Each of the three casss cof chenge is likely to

be reacted to differently.
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12, A change in the function (new faor the ._eo.le) without & chonge in the

fars ig lixely to be avandoned unless the new iunction formed a part of the

aspirationsl level of human satisfaction.

4nd,
I

15. A chenge in both the form and the function would be wost difficust of

acceplanc-» Qnly 4f the gew function is a pert of the Aapir:tignal level

can we hope Lo succeed,

sctually, theré cen 2lso be B pure quantitetive change whan neither the farm

nor the function of an innovation chenge, In that c» se,

14. The chenge is .ikely to be crgicgt when there ig only 8 gquentifetive

pXtension withat & change in the fora or function.

An excellsnt exrmple of such & cese is the W cue.dous suece » of high yieldi
ing varieties of seeds in agriculmr'e; Neither the form nar the function
of seeds had changsd in any immedde toly significsnt wey. Introduction of

pneumatic tyres in ¢ mel-csrts in fe josthen is s similer exmuple.

4n example of cha ge in :orm but not in fupetio. is th: gober—gss plants
wolch werw initially difiicult of acceptence for religioug/hygienic

mesnings sattamhed to it but were Leter accepted tor the funetion they
p-rformed. 4 possibility of their rejection arose because of Ghe disruption
cf time structuring etc. Anoth.-r exumple 18F chengs in farm without explicit
crangs in function is g simple trector for ploughing. pom-timeg, it is likely
that the ew functions ey not be explared at all, The engins of = tractor

though possible of other functioans mey not bs used at #11 for those functions.
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An unmystified technological advancement can take place only through.

logical extensionrof the existent belief system about the possible productive
activities. And, as stated above, it has nothing to do with greater or
lesser sophistication of the technology., The crux of the materials andlysis
and matching of the existing logical systems of the pesople and the new

scientific logic,

Socig-psychological facters in socio-technical amalysis of technolaogical
systems :

Under this section, we wish to reiterate the work and findings of various
people who work at the Tavistock Institute of Human Relations in London.
Major sgokesmen of this work have been Fred Emery, Eric Trist, P.G. Herbset,
and Thorsrud.11 We would not be labour to repeat their prineciples, anaysis
and des;gn approaches they have applied in various industrial settings.
Their contribution lies in experimenting with ways and means of the desigq
of technological systems achieving a joint-optimization of sccial and
technological systems. They have proved the feasibility of designing
alternafe social systems for same technology and developing alternate
technolaogical systemé for same tasks. They have demonstrated the possi~
bilities of increasing the psychological satisfaction of the iﬁdiuiduals
through socio~technical work-redesign and increasing éocial collahoration
and homonemy through designing work systems around the concept of autonomous
group functioning. They see the possibility of achieving & kind of

industrial democracy at the worker level. These ideas deserve special

11599 Fred gnery (ed,), The Emergence of a_New paradigm of Work;
P.G. Herbst, Socio-technical Design; .
Fred Emery and €inar Thorsrud, Form and Content of Industrial Democracy,
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attention for the choice of technology for societal development in a socio—-
psychologically harmonious way aiming at the 'concrete relations of produc~

tiont,

Socio=economic factors in socio—techmical analysis of technology
e e

The main factors in this category are (a) the guantum of immediate vs. long
term economic benefits, (b) the spread of such benefits, (c) the structural
distribution of these bensfits in terms of classes in the society. Elaborate
analyses of these factors have been made by economists and useful insights
obtained. But such analyses failed ta be implemented or failed in the
process of implementation because of insufficient understanding of the micro=
level details of technological advancement both at the psychological~
consciousness level and the socio-psychological group~dyrmamics level. There
is a great nesd for improving upon these shortcomings before these elahorate
macro—economic anslyses and criteria can be operaticnalized for technological
advancement and squitable distribution of the fruits of the technological

advancement .

goncluding Thought s Supremacy of the method for praxis

We have picked the above subtitle from a chapter heading of Jghn Dewey's

"Quest for Certainty”, The underlying message has crucial implications for
making a headway in overcoming the achism betwesen the technological under—

standing,research and applied social research, because this schism is the

backdrep of any human problam interfacing the soeial and technological

‘objectives.,
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Scientific and technolagical progress is easily seen as the triumph of its
axperimental method for increasing the understanding of nature and valldetio
. of the application of such knowledge to arrive at technological solutions ta
human problems and aspirations. Hut somewhere'in the guest of sccisl-scientd
fic knouledge thch_can eventually sugment the scientific-technological
achievements, man shrunk from his own guilt of experimenting with humen

beings.

No doubt, more serious ethical responsibility is involved in social experi-
ments but that is the proven wsy in advancing theory and practice. pNor are

we in any real way ridding ourselves of the guilt of manipulation in &nsisting
on Tinding the best sblutians even under the conditions of imperfect knowledge.

Russell #ckoff hag summed up the position as follows:

"In the democratic societies with which 1 am familiar, there is almost
an ipnate abhorrence of social and economic experimentation. We think
it demeans the subjects and threatens with the possibility of excessive
public control of private lives yet, curiously enough, nc other typs of
society manipulates and varies the form and -:xrtent of its control over
its members as much as a democratic one. Demoeratic nations constantly
change taxes, tariffs, intorest rates, zoning rules, laws, regulations,
trensporgation and communication systsms, metrics and even the clock,
The major aspects of experimentztion-manipulation and contrecl - are
already uwidely prastisec in such societies., They sven attempt to
measure the effects of changes in public policy on nationzl performance,
But here i1s the rubl they usually do nct let the desicn of the evaluative
procecures affect the way the public is controlled or manipulated, The
evaluators are called in after the fact, when it is too late to do an’
adequate job of evaluation and when possibilities of gaining understanding
are almost completely destroyed ™12

Under imperfect knowledge along with the choice of technology it is the onus of
applied scientists to carry the guilt of their inability to know the best choice
and work with more then cne appealing cholces and repidly lsern from such experi-—

mentss In the process they would improve thelr capability to make better

choices in future,

12 :
Russsll ackoff, “gperational Research and National Science pplicy' in de
Reuck, A (ed), DecisicncMaking in Netiomal Sciesnce Policy, London, Chupghill.




