
IC/93/88

INTERNAL REPORT

(Limited Distribution)

;ernational Atomic Energy Agency

and

Educational Scientific and Cultural Organization

ERNATIONAL CENTRE FOR THEORETICAL PHYSICS

1.0 The Philosophical Burden of the History of Technology

Narratives on the history of technology converge upon a rather recent segment in the

history of techniques, artifacts and instruments. This historical narrative is also

conspicuous in its deployment of the term revolution, to connote political, epistemic and

cultural transformations. In the history of the Arab peoples, the pre-lslamic period is

employed as a stable referent, called the period of Jahaliat , against which the

subsequent history of Islam is alluded to; the history of technology in like manner refers to

the period before the sixteenth and seventeenth centuries ( roughly three and a half

millenia) as the The Technical Age,
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ABSTRACT

This is a review of recent developments in the field of the history of technology,

infused as it is by the extension of the sociology of science to the sociology of technology.

However, this review is directed at the rather ambitious task of outlining the methodolog-

ical precepts for studying the advent of the discourse of modern and appropriate tech-

nologies in India. Hence it is a review that seeks to delineate an approach that would

circumvent some of the traditional difficulties with the history of technology, that will be

discussed ahead.
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As we transit from the technical age to the age of technology, there is a transformation of a

number of cultural and cognitive practices, as well as in the modality of the mobilization of

resources. In a manner of speaking, the period immediately preceding the machine age, a

variant of which we continue to inhabit, was one where the performance of any exogenous

activity, required the harnessing of hydraulic force. The techniques of this age depended

upon wood as the scaffolding material and water was the primary agent for the provision of

the force required . In the iron age, wood and water make way for iron and fire. In this new

age of the machine, that gradually paves the way for the first industrial revolu tion,

also referred to as the iron age, the physical force of the worker is substituted by the

mechanical energy provided by the machine.

Nevertheless, we are not speaking purely of a device, but of how the working af the device

already embodies a cultural practice, for there is an emendation both in the conception of

work and the machine. The human rhythm of labour, being the conjunction of periods of

work alternating with those of relaxation, is now disrupted and displaced by the

uniformity of the mechanical cycle, a cycle that the machine reproduces and repeats almost

endlessly . As c i v i l i z a t i o n graduates from the first to the second industrial

revolution, electrical energy displaces mechanical energy as a source of power,

technology intrudes more directly into the very basis of culture: men have available to

them the greater possibility of leisure, and Koyre, further holds that the prospect of

civiluational transformation is itself the harvest of leisure and play, not work. However,

this shift from the age of mechanics to that of electricity announces the total break with the

technical ago and the inauguration of the age of technology: the previous century merely

preparing for the onset of the latter.

This age of technology differs from the age of pre-industrial technology, in philosophical

terms - for one biological modes of explanation are replaced by mechanical modes of

explanation, which in turn throws up a surfeit of philosophical problems. In fact;

mechanical modes of explanation are seen to be concurrent with the age of modernity.



There are nevertheless distinct programmes enshrined with the technical/technological

construction of artifacts, that will be discussed. It need be mentioned pre-industrial and

industrial technologies were essentially different ways of adapting and appropriating

objects and resources; while the technologies of our own times aTe devoted to the creation

of new objects and devices, of that which did not already exist.

1.1 The Pathology of Histories of Technology

It is often remarked that unlike the history of science that philanders with a range of

approaches in the history of ideas, the history of technology has retained a greater or leaser

degree of proximity to historical materialism. This in turn implicates two sets of concerns:

(i) investigating the materials and the forces that constrain the creation of new technolo-

gies, and further
(ii) how these technolgkal creations physically effect the ecological sphere. The historians
inclined towards technological determinism, would further be guided by the central axiom
that the "nature of materials and human biology determines the course of technological
development". Those guided by the idea of the reciprocity mediating the technology and
society relationship, naturally visualize technological development shaped by and shaping
the social.

These narratives are premised on the extrapolation of what Durkheim calls the fallacy of chrono-

logical causality in the social sphere, which states that there are stages of social development.

Analogously there are stages in the history of technology. For a technological determinist

progress comes to be seen to be synonymous with science and technology. Assuming the

validity of the conflation of technological and social development for the moment, the

question that logically follows ranges across a spectrum of ideological positions and

concerns, of how the story of technology (or of technological change) i s to be told.

In order to relate this history of technology, very generally speaking, a number of

approaches are evident in the literature, approaches that resolve to open up the black

box of technology. Within conventional history of technology, the internalist approach

concentrates on endogenous technological development. As opposed to deciphering the

internal logic of the development of technology external amounts pay attention to

cultural context and not technological design. The contextualist approach attempts to

integrate two characteristics, that of the design of technology and its historical ambience.

These methodologies have been applied in the study of four principal problems in the history of

technology, these being; technological creativity, the science-technology relationship that

undergoes a transformation white traversing the realm of techniques to that of technology;

the American system of manufactures, as well as some trail blazing studies on the

electrical industry. Of late, two additional items have appeared on the agenda of the

history of technology. The first is a consequence of important developments in the sociology

of science and technology that have resulted in the inclusion of workers and technicians

into the narrative accounts of technology. Secondly, an agenda visible by its absence, has to

do with the dearth of attention given to non-Western technology and related ideological

perspectives.

While delving upon the construction of the history of technology as a field of investigation,

it must be remarked that being trapped between episteme and phronesia, the history of

technology is not always true to itself. From within the internalist history of technology,

Daumas conceives three rales for the discipline:

- to constitute a technological history of technology, which is obviously a job for

technologists, and has thus far been, tautologicatly speaking of a technical nature,
- to evaluate the role of science in technological invention,

- and finally, to assign a place for technological activity within other human

activities.

These internal narratives on the history of technology seek to educe the logic specific to the

evolution of techniques. Techniques are considered to have an internal logic of

development, for example, the distillation of coke led to techniques of gas lighting, followed

by the preparation of artificial dyes, and finally culminated in the invention of the internal

combustion engine. Lakatos had pointed out that the reconstruction of history is a

caricature of itself, similarly the search for the internal logic of the history of a technology

diminishes the factual character of history. Essential to narratives, that conceived

themselves as providing a complete explanation for a given slice of technological reality,

were four notions: these being scientific progress , invention - a process having its own

rules, logic and history, innovation - introducing technical invention into the market,

economic progress,

The primary concern of the history of technology has of late been technological change. As

Buchanan points out, the goal of the history of technology is to study:

• the genesis of invention,

- the development of innovation and the transmissio n of innovation,

- the impact of these processes on society.

These studies would be influenced by the historians appreciation of the processes of

history, and it is in this light that the historian of technology has to deal with questions of

historiography.



The recent history of technology in marked by approaches that reveal two different

dispositions having to do with how the history of technology works towards ita goals. The

first is traditional narrative history, whose objective b to discover what actually

happened and whose goals have just been discussed. Critiques of traditionalist narratives
deny the existence of such a. transcendant canon of objectivity - since any historical
narrative is to be situationally assessed. The second approach problematizes its narrative
in a way that it becomes possible to device theoretical schemes. This in addition to
proffering an explanation, enables predictions. This, as will be shown in the section on
technology assessment and history, discloses the close connection between the historical
narratives of technology and technology policy. Recent trends in the history of technology
have been emphasizing the latter kinds of historical narratives, princ'pally on two counts.
Firstly, because of its implications for science policy; and secondly, developments in the
sociology of scientific knowledge have revealed the potential insights to be obtained by
looking at technology differently.

Buchanan is none to happy with the latter tradition, believing, as he does in some sort
of historical verisimilitude (the reconstruction being as ctose a replica of what actually
happened), the acquisition of which requires the scrupulous garnering of all source materiai
and the production of a coherent narrative. This approach Buchanan calls the critical
narrat ive approach, an approach that offers little latitude for looking at technology as a
system; since it sees the process of invention as an individual creation just as discovery in
the infancy of the history of science was seen as an act of individual genius. In Buchanan's
words: " . . . the invention is a unique and individual event that cannot be predicted".

Further, this emphasis on the primacy of the invention as the creation of the individual,
poses insurmountable problems when examined from the policy planners perspective -
planning for innovation and development are now subordinate to the inventors' insights.
From the perspective of history, the problem of agency and structure cannot be resolved,
the history of technology on this count is reduced to the biography of the "great man".
In fact heroic biography is evoked as the model of explanation.

1.2 Objectives of the Social Shaping of Technology Narrative

However, the critical narrative approach can at beat provide resources for any theory of

technology. In fact Law visualizes the role of such historical narratives to regulate the

theoretically oriented narratives on technology - to check unrestrained speculation.

In the light of the new programme engendered by the social sciences, a number of meta-

(jun.itions on the history of technology arise, which displaces the focus of the history of

technology as mentioned above; e.g.

- within the framework of the social sciences what does this body of work on

technology do,

- what do these developments in the social sciences mean for narrative history,

- and finally, how does narrative history inform the social science thinking about

technology.
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Since the social science paradigm dispenses with the transcendent canon of objectivity, as

well as the search for transcendent verities, the trend today is to seek out durable patterns

of technological change rather than seeking out the principles of human action. One of the

newer traditions within the social sciences • the social constructivista, conceive technology

not merely as an artefact, but as a text in three different capacities. Woolgar, for one, reads

the technological text in instrumental, interpretiviit, and reflexive terms. Let us see what

this means: to read technology as text in instrumental terms suggests:

- that emphasis be placed upon the interpretive flexibility of the character and capacity of

technology,

- contests the idea that technological artifacts are docile objects of fixed attributes,

- insists that the impact of the technology be configured into the process of evolution and

design, and be "reconstituted and deconstructed during usage".

These factors are subject to the ccnstraints posed by and upon the builders of tednology that

include designers, engineers, foremen, technicians, marketing experts, etc., as well as

users, inclusive of both human and non-human actors, and the network they constitute. As

a result in instrumental terms, the reader writes the technological text.

Technological artifacts can also be seen as embodying certain forms of organization, that

provide frames within which the artefact acquires shape. The interpretivist reads the

content of the technological text to be isomorphic with organizational structure . In t h i s

case the technology presumably has an objective and transcendent existence - and

within the narrative is rendered as something different.

The reflexive reading of technology as text is realized in the course of social

argumentation and involves the technological subject as well as the analyst. This reading

assumes that the textuality of technology is similar to the textuality of the argument of the

reading. As different from the interpretivist reading, the reflexive reading assumes an

ontologically agnostic position. But the nature of these reflexive readings is such that

technology appears to be a text that produces texts that makes claims "about the distance

between self and other". However, even if technology is conceived as a text, the task of a

theory of technological change is to obtain the patterns and structure of this change, and

while revealing the embodiment of technology in local contexts, it must continue to account

for broad patterns. I re reading of the technological text within this frcme caild be

self-limiting.

Recent trends in the sociology of science, have ventured to study science and technology as

goal directed activity that seeks to establish stability, through the control and extension of



what Callon, Latour and Law call actor networks. The actors in this network are both

humans and non-human, and while these very acton work towards achieving stability of

the system, antagonistic actors can undo stability. However, this actor network constituted

of nature, society, scientific and technological artifacts, form a heterogeneous seamless

web. The entities are the result and not the cause of the interaction-

While actor-network theory has provided a novel way of looking at the construction of

scientific and technological activity, it is limited to the extent that it is sensitive to the

winning side of these interactions. The metaphysical assumption of the theory is that the

actors are elements that bend space around themselves. The winning actor thus renders

the other actors dependent on itself, translating their will into its own language. Aa long as

the winner is able to ensure the spatio-temporal extension of the network, the network

continues to be stable; once that is not possible, the easier it is to break it up.

The focus, in summary, of the new history of technology, inspired by the sociology of

technology, has brought attention to bear on aspects of technology that have been scarcely

studied, such as:

- communities, workers, unsung laboratory assistants, engineers, women,

• questioned fundamental assumptions of prior histories of technologies, such as

technological progress and social progress,

- rejected the Eureka approach to technology, and has concentrated upon the nature of the

interaction between science and technology and the evolution of technological systems.

The primary agenda then of the programme undermines the early foundations of the

discipline, namely, internaiiam, that technology is an exogenous force. Further it departs

from technological determinism, in that it asserts that technology itself is shaped by

politics, economics and culture. However, Douglas feels that the project is incomplete until

the ideological setting of the laboratory is grounded within that of the broader social

se t t ing . This we shal l now proceed to discuss .

2.0 From Sociology of Science to Sociology of Technology: The Imperative Transition

The interfacial region of science technology studies, in the 1950s were concerned with

"influence questions". The relationship between science and technology was axiomatized,

and future investigation was devoted to fathoming how the one influenced the other: it was

taken for granted that the two belonged to distinct spheres. The questions of interest

during these years were:

- how do scientific theories influence technological change,

- how does technological practice influence scientific theory,

- does the technology of instruments affect scientific theory,

- do scientists and technologists differ in their social grouping.

Social studies of technology (hereafter SST), recognizes both similarities and disjunctions

bet-ween scientific and technological activity. However, for long the focus of technology

studies was to configure technological activity in the light of scientific theory. The

advantage gained in investigative terms by recognizing the similarity between science and

technology, ia that technology studies reveal undisclosed aspects of science. Secondly, it

becomes possible to appreciate scientific work, outside the exaggeratedly epistemic

obsessions that have characterized these studies thus far: in fact they go on to ahow that

the description of scientific activity cannot be exhausted by purely epistemic narratives.

However, SST simultaneously admits the distinction between these two activities.

Since this has been little discussed outside the SST framework, we shall just inventory

these distinctions:

• technology is an opened-ended process, where technology development is a

product of social negotiation,

- the task of problem formulation is such that it perpetuates the growth of the

problem solvers,

- technological knowledge is tacit and diffused, and greater emphasis is placed upon

the localization of tacit knowledge within the community,

• the claims of "progress and necessity are tied up with interests" and hence are

"contingent upon the social and cultural matrix".

2.1 Tht Ez-panding Frontier of the Sociology of Knowledge: How the Sociologist
Turns Technologist

SST can also be viewed as an extension of the sociology of scientific knowledge to the

technological realm, and hence it becomes an exercise in disciplinary expansionism. The

charter of this extension is to open the black box of technology, which is taken to mean the

disclosure of interests, institutions, modes of discourse, and the network of actors. This

expansionism is premised upon the close connection between science and technology - the

axiomatization referred to earlier - during the modern period. Both science and technology

are seen to be enjoined through the feet that they are cognitive endeavours, and hence the

same modalities of explanation can be deployed to explicate either kind of activity. The

realm of techniques is naturally precluded from this activity.

However, if the entirely cognitive nature of technological knowledge is not accepted in toto,



then the importation of the methods of science studies into technology studies is rendered

problematic. The problem is not hypothetical, for it is absolutely essential to ask what the

nature of technological knowledge is, for a great deal of technological knowledge is of an

instrumental nature or has to do with know-how , Thus Latour, Restive and

Hamlin recommend a reversal of this expansionism. For since techniques and technology

are concerned with practices, it would be more informative to Illuminate science in

the light of technology, rather than treat technology as a "colony of science". This

subsequently entails a transformation of the role of the social scientist studying science and

technology into a technologist studying science and technology.

Nonetheless, if one continues to persist with the expansionary trend, then in extending

SSK to SST, the explanatory models sustaining the science (SSK/SST) is disclosed. Thus

SSK is more concerned about the social construction of technology than in explaining this

move to SST. This denial of reflexive sensibility, Woolgar feels, obliterates the foundations]

potential of SSK when applied to technology. The foundational significance of SSK is

recoverable by interpreting technology as a text, which was discussed in section 1.2.

Further, the foundational importance of SSK is accentuated by Woolgar for he feels that it

contains the dynamic basis for the iterative reconceptualization of epistemic matters.

This epistemic reconceptualization is effected through the similarity characterizing the

social construction of scientific and technological knowledge, for SST also exhibits a post-

Kuhnian critique of pre-conceptions concerning technology, in the following manner:

- the break down of the distinction between the technical and the social,

- technological growth is not a linear accumulation of artifacts,

- technology involves processes as well as product,

- the individual engineer functions in a social context,

- even technological artifacts are social constructs.

2.2 The Technologist of Science Confronts the Reflexivity Problem

In a manner of speaking just as early positivism was convinced of the autonomy of

scientific knowledge, one of the principal concerns of the sociology of technology is the

autonomy of technological knowledge. The social narratives on science and technology

address the following issues:

- of the manner in which nature affects our beliefs and actions,

• does nature or society determine the character of scientific or technological
knowledge.

In responding to these questions, suppose that the nature based narrative is subordinated

to the social one, no one account can be privileged. This methodological descent into the

"slough of solipsism", suggests the problem of reflexivity for SSK. There are many sides

to the problem of reflexivity. Commencing first with the relativism that is imposed on the

natural sciences, and then extended to the social sciences interpreting these sciences. The

problematic here has to do with what Woolgar calls the undefended antithesis, which is

that the particular direction in which a science is pushed is emblematic of the society; and

thus in the absence of this pressure the programme would have trailed its "normal"

direction".

The issue is further confounded due to a condition that is endemic to the social sciences,

and thus perpetuates the morass of relativism; viz. that sociological explanation has a post-

hoc propter hoc quality, and thus none of the predictions of the theory are testable. And

finally for Latour, the social cannot be privileged as an unmoved mover. Since this

incorporates the social as a more dynamic entity, the discourse is now seen as a

complicated interplay of interactions between networks, where any entity is both subject

and object. This relation encompasses the entities of the network, but en route surrenders

the notion that the object of study is science and technology, and the scholar is the student.

The issue of reflexivity is of further concern in the philosophy of science, focusing on a pair

of issues in the discipline. The first has to do with the modern scientific programme, that of

accurately representing the construction of scientific knowledge; and secondly the related

issue of deciding whether one is intervening in the science under study.

Ironically,the latter formulation raises the matter of the political relevance of the sociology

of science. For it may as well be asked as to how and why the power institutionalized in

science need be challenged. The social studies of science has recognized the fact that social

power claimed for science on epistemic grounds is entirely contestable, and thus arises the

need to offer resistance to the concentration of scientific power. However, the

neutralization of epistemically endowed power in scientific elites has not produced a

satisfactory politics, for it privileged those claiming immunity from such arguments. This

then links up with the problematic of relativism and reflexivity discussed earlier.

Reflexivity in the sociology of science is an extension of the symmetry principle, which

holds that the sociologist must be scrutinized in the same terms as the subject of the
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sociologist's scrutiny. The resemblance between the social constructednesa of science as

well as that of technology compels a revision of not just our understanding of science, but

that of the science of science. The problem ceases to exist if the researcher resigns her/him-

self to the understanding that what is being done is the technology of science, and thus

that the researcher is intervening in the subject of investigation.

The researcher, or technologist of science, in Latour's sense is committed to revealing the

constructedness of the scientific or technological text, and this is achieved through two

strategies. Meta-reflexivity stirs enough nuggets of "methodological self-consciousness",

to alert the reader to the text's nature. La tour nonetheless prefers infra-reflexivjty,

achieved through a move he calls conscious crossing-over, not through methodological

introspection but by turning the text over to the reader. Thus he collapses the distinction

between science and the social studies of science, for the researcher is now not explaining

science; rather he is participating in a conversation with science. Reflexivity is thus

trivialized, through a move that transforms the sociology of science into the technology of

science.

At variance with the social constructivist approach to reflexivity, is the notion of

normative reflexivity developed by Radder. While it is recognized within the normative

approach that science and technology do not mirror the world, a normative reflexivity

would develop systematic analyses and evaluations for normative questions relating to the

techno-seientific world. The approach is seen to be a combination of an empirical approach

that incorporates normative insights.

Reflexivity then is an epistemic problem exemplified in science. Action, concerned in a less

tenuous way with representation, exemplified in technology is thus the solution to the

problem. We had commenced this discussion with the assertion how (a)traditional

conceptions of science are not applicable to technology, (b) that they were both similar and

different. Superficially speaking, science sets out to discover the nature of nature, while

technology must provide goods and services, but fundamental to both these activities is the

construction of knowledge.

In earmarking this distinction, a definition of technology must be available. This is in turn

problematic, and several historians and sociologists prefer to work with socially

constituted, or intuitively obvious, versions of the same. Salomon indicates that technology

is the way things are usually done or made; working within the social constructivist

framework Bijker, Hughes and Pinch define technology by pointing out that "warrant

11

enough that a case is intuitively paradigmatic of technology1. In extending SSK to SST,

the technological analogues of concepts used to reconstruct science must then be

addressed. We thus need technological analogues for (i) an analogue of nature, (ii) of

knowledge, (iii) of the knower, (iv) the problem to be solved, (v) scientific progress, (vi) ends

of the scientific enterprise.

Technical knowledge in contradistinction to scientific knowledge is tacit, visual, verbal

knowledge (and not formal, mathematical, textual), and is irretrievably embedded in

artifacts. To proceed from the artefact to a description of the knowledge needed to create it

is well nigh impossible. The only proposition that can be asserted with an adequate degree

of reliability is that a given knowledge domain is sufficient to create this artefact. This is

itself a consequence of the irreducibility of functional knowledge to the cognitive domain.

One is reminded of Heidegger pointing out that the essence of the forest is not the tree, just

as the essence of the tree is not a tree.

Subsequently unlike with science whose theories have to do with facts, technology has no

facts but artifacts to talk of: put differently, "... the artefact is the real fact*. Hence the

technological analogues of facts, correspond to summaries of technical actions, these

obviously being different from slices of reality that science claims to discover. The

fundamental laws of physics are directed towards technological intervention. Herein lies

the foundational difference between science and technology, a distinction that separates

representing from intervening *.

In the sciences a certain ontological stability is imputed to nature, which the scientist

attempts to represent, and the stability of nature adjudicates among contesting

representations. Technology, on the other hand, sets out to intervene, and in the process of

intervention it triggers of changes that are irreversible. The moment in historical time

when the technology intervened cannot be rerun, such that one runs through a series of

technologies and chooses the best among them.

Furthermore, science can posit an end for itself, in so far as scientific theories could be

working themselves towards a horizon of soma grand unification, a unified field theory, the

dream of physics for the last century. But what would be the end of goal directed activity

like technology, where do inventions and innovation stop. However, there is a here a

subtle distinction. We do have ideal notions of technology, such as the ideal heat engines,

1 Though it would be difficult to say the same about disciplines like biotechnology, genetic

engineering, and computer science.
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or ecological agriculture et*. In historical perspective then it might be difficult to conceive

of an end to technology, but teleological explanations are often embodied in historical

writing**. ,

For Woolgar, in the social constructiviat mode, reflexivity refers to the contestation of the

object-representation dualism, which can be accomplished by directing criticism both at

scientists as well as constructivist sociology. Science, Woolgar contends, is premised on an

ideology of representation; which amounts to the perception that beliefs and practices are

"rooted in the dualistic notion that the objects pre-exist and determine the

representations". The cultural and political hegemony of science is founded on this

ideology. This dualism however does not appear to be typical of science or specific to

scientific or technological activity, and if this be the case how can they as activities

hegemonize daily life interpretations. On this count Radder suggests a constitutive

reflection that redresses the balance between lay persons and scientific experts • this

relation being one of the "critical political relations of the twentieth century". This idea of

constitutive reflection is particularly amenable in the investigation of alternate

technologies, where the expert -lay person distinction becomes increasingly transparent.

3.0 The Ideological Referents of Technology

The ideological bedrock of what has been referred to as the technological orthodoxy is

premised on two fundamentally intertwined notions, that of neutrality and autonomy.

Technology is autonomous because it is essentially neutral in its social application,

technology is neutral because it is autonomous of the social order within which it is located.

The tenets of this orthodoxy may be summarised thus. Men know best what they

themselves have made, and the artifacts fabricated or invented by men are under their

wilful control. Further, technologies, as mentioned earlier are ideologically neutral; in fact

the utility of a given technology can be obtained from a "scientific", hence objective and

quantifiable variable, the efficiency: the input and output characteristics quantify the

energy efficiency. While the inventor is the privileged creator of a new technological device,

trained engineers and technicians undertake the task of problem solving. Problem solving

in the modern technological world entails the fabrication of complex, large scale, high

energy, high resource demanding systems. And technological progress would mean the

continued perfection of systems technologically obtained.

2 Hughes introduces the idea of reverse salient, that presumes that there is an end technology
moves towards arid the "history of the electric power system becomes the unfolding of their
destiny".
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As is becoming evident from the discussions in the previous two sections, as well as from

global experiences with technology over the last half-century or so, both progress and

neutrality have been challenged. The nature of the challenge posed to technology begs a

different set of questions. For one a principal concern today is where are the current

evolutionary trends in technology taking us, and secondly, wherever that maybe, are these

directions those that our best purposes would have us choose. Any philosophy of technology

would commence with a denial of the neutrality of technology hypothesis. In fact,

technology is here conceived as a way of life, or could even be considered as an analogue of

a Wittgenstienian life form. Further, as we are beginning to see, they are political, since

they legislate and determine the frames within which modernity expresses itself.

Political systems have shaped the trajectory of technological development: the frame of

development id already defined by the intersection of the trajectory of technological

development and social development. At this point of intersection certain technological

options and possibilities are foreclosed. Let us for the moment consider the case of socialist

thought, which has attempted a very refined and devastating critique of capitalism.

Nevertheless, it accepted the nineteenth century framework of industrialization. As a

result within the socialist framework, the question of institutional alternatives to

contemporary paradigms of industrialization were never posed, except in Mao's China. The

emphasis on worker's control over the means of production became so paramount that any

other meaning of democratically controlling and constructing a technological world view

was ignored. Socialism, thus in a manner of speaking unquestioningly accepted the

capitalist form of technology.

In the previous sections the epiatemic implications and limitations of technological

determinism were discussed. And now we have just touched upon the ideological

underpinning of the same. Technological determinism is founded on two fundamental

theses. The first also referred to as the development thesis, asserts that the forces of

production, that include the means of production and labour power, are analytically

separable from the economic structure of society, in other words the social relations of

production. Secondly, according to the development thesis, the forces of production have an

endogenous tendency to progressively develop.

As a result, the history of science and technology has been neglected by historians, since it

has been seen by historians, if not historians of science and technology as an appendage to

the narrative of economic and cultural histories. The broader historical studies, Susan
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Douglas points out, have implicitly assumed technological determinism in an important

way. If technology has been considered autonomous in these narratives, science has been

reified. Further, as has been discussed in the section on the pathology of historians of

technology, there has been this marked tendency within a variant of history writing to

deify the inventor. In the process, to reiterate an earlier remark, science and technology

are segregated from mainstream history.

3.1 The Notion of Progress in the History of Technology

The idea of technological innovation implicitly assumes the idea of improvement over a

prior archetype or artifactual ancestor. If the fundamental idea that innovation responds to

pre-existing problems is abandoned then what would be the analogue in the history of

technology of scientific progress aeen as an increase in knowledge about the nature of

nature. Thus far the history of technology has maintained a measure of commitment to the

idea of technological progress, rather than having defined one. This idea denotes the

following aspect of the notions of progress embodied in technology:

- the technological object is intended to meet particular social goals (e.g. reduc-
tion of production costs, improvement of quality of life indicators, or to serve as military
deterrents);

- the other aspect is a more residual notion of technology that more economically
and elegantly applies natural potential to human ends. These two notions are intertwined,
since the one implies the other.

Edward Constant's model of technological change is quite similar to the concept of progress
as deployed in science. Constant's argument appears to be that there exist technological
paradigms in which a normal technology is developed or puzzle solving is performed.
Paradigmatic change could possibly result from functional failure or the recognition of
a presumptive anomaly. Here failure in technolgical terms is assumed to be isormorphic
with falsification. However, there is an essential distinction between the two: functional
failure being distinct from failure in science; since technologies work when they are
compatible with nature, and fail even when they could be compatible with the same. A
theory in science fails when it is incompatible with what we know about nature. Unlike
theories, technologies can be continuously used long after they are seen to be woeful
failures. The conditions under which a technology can be deployed are fairly arbitrary,
since they could be chosen at any time, the concept of technological progress is loser than
scientific progress.

Furthermore, most technological paradigms are not rooted in anyone industry and are

more clonely linked with the exploration of certain materials and resources as well as

design principles. For example, the chemical industry created to produce dyes, discovered
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that these chemical materials were as applicable to the photography and pharmaceutical

industry. The notion of whether a technology has progressed can only be judged within a

context • altering society to fit technology. Powerful technological paradigms are those that

embark on remaking the world and in the process necessitate themselves and justify

themselves. This takes us back to the earlier proposition that progress is decided by the

nature of the alignment between the social and technological trajectories: which is no

different from positing a process of co-evolutionary development of technology and society.

The problem of adjudicating on this issue is compounded by the fact that technology can

intervene to alter the alignment of future technology: thus it continuously transforms the

context against which it is judged, which is why value questions need to be asked.

3.2 The Linear Conception of Progress and Technological Change

The linear conception of technological change when enshrined as a historiographic tenet

runs into the charge of sociological irreflexivity, for within this framework the history of

technology is presumably the story of winners. Not merely does it privilege the winner, but

by axioraatizing engaging interpretations that the history of technology follows an orderly

rational path, it privileges the present as the end towards which all decisions are

consciously directed. David Noble has challenged the ideal of technological progress in as

much as it is problematic to interpret the process of technological development as one

which is analogous to natural selection. Much like the technological determinism discussed

earlier, the underlying ideological assumptions are as follows1.

- technological alternatives are evaluated purely on technical merits, on the basis of

a calculus of the accumulation of capital: that successful technologies have survived is a

measure effacing up to tough engineering testing and coipetitiTC marketing;

- committed to three articles of faith: faith in objective science, economic rationality

and the wisdom of the marketplace.

This ideology is constructed through the operation of filters and mechanisms: the technical

filter that selects sound solutions; a business filter which is a euphemism for business

rationality that eliminates economically unviable options; a self-correcting market

mechanism - the mechanism that selects the best innovations. The vision disregards

people, power, institutions, competing values and differing dreams. As stated earlier, the

question as to a successful technology is best for whom and to what criteria, to what visions

i s never asked.
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However, it is not always true that every conception of technology stress the linear

conception of technological change. Models taken from natural selection involve a sense of

preordained direction. On abandoning telos in evolutionary models the critical stages in the

development of a technology are utterly contingent upon the conditions existent at a given

juncture. The new area of research opening up, called failure of innovation studies, rejects
internalism, since technological change is influenced as much by economic, political or
cultural causes. Failure studies get around the irreflexivity problems that action network
theories run into. Failure is defined to include those attempted innovations that have
not obtained a worthwhile market share, even if they are known to work technically. In
addition, they depart from teleologically oriented historical narratives.

3.3 An Example: The Energy Tetos of Technology

To illustrate the points being made above, we may consider the groundedness of the energy

discourse in a teleological narrative. Inherent in the conception of any energy system is the

notion of optimality, which in turn implies that in theory there exists a final optimized

technology. Historians of technology when working on energy related technologies draw on

quasi-Haeckelian notions of technological evolution. According to this conception the

direction a technology takes is the result of economic and organizational conventions,

juxtaposed with entrepreneurial vision: the latter may never be very clearly defined and

could very well change with the passage of time.

Since the 1950s however, social scientists and anthropologists have deployed energy use as

a determinant of cultural evolution; this is referred to as energy state theory, which asserts

that an increase in energy per capita use is a prerequisite for the advance from simple

horticulturist to complex industrial societies. This conception was itself based on an energy

mystique, 'part exaggeration, part misinformation". In Greenberg's words: 'An array of

symbolically assigned meanings became embedded in a simplistic, quantitative,

evolutionary dynamic ... these fundamentally misleading assumptions decisively shaped

paradigms for assessing mechanization, industrialization and modernization*. In fact in

historical discourse the 1830s are referred to as the era of non-biological power.

The energy telos \s itaelf traceable to Galileo, the two fundamental postulates being:

• energy was constantly being transformed in nature to achieve a desired end, and
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irrespective of their purpose, all machines had the common task of transforming and

transmitting energy;

- to obtain work, different machines converted, transmitted and applied energy at

varying rates, as a result of which machines constituted a system. Imperative to the

principle of energy was that machines be identified, linked, interdependent components of

power transmission systems. Hence energy conversion and system dependency became

central tenets of natural philosophy; "all must be connected to all".

4.0 The Renewal in Innovation Studies

Early research on the history of technology, particularly the work undertaken in the 1930s,

focused on three farms of technological creativity, these being:

- invention, that involved finding solutions to technical problems,

- development, this being high cost, highly controlled activity aimed at the creation of a

functioning prototype,

• innovation, having to do with the marketing and manufacturing procedure required to

introduce technology into use.

This was the basic categorization of the creative process that historians of technology

worked with till the 1970s, when Hughes et. al. conceived technologies as systems or

components of systems. Hence technology could not be understood in terms of its internal

design only; rather the technological system had to be conceived as an open system, the

evolution of a particular design involving political, economic, societal as well as technical

factors. The technological system, so defined, then restores the context of technological

innovation and creativity to the social bedrock within which such activity was performed.

For nineteenth century political thinkers like Owen, social innovation was identical with

technological innovation. This meant that industrial innovation had to be moderated by a

moral vision, much like Kant sought to guide scientific activity by a moral world view,

that itself was the outcome of an enlightened moral philosophy. European sociology of

technology, has of late been more concerned with how innovative groups sustain a

homeostatic relationship in hostile (read highly competitive) institutional and cultural

environments.

The French historians of technology, primarily theorists tike Gille, assert that innovation

belongs to the fractional and personal sphere, involving the adoption of a new

technological scheme in a limited sector. Innovation here represents a transition from a
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technological system 1 to a technological system 2. The dissemination of innovation

represents the transformation of the technical system. The transition from tech sysl to

tech sya2 is characterised by a transformation of relations between pairs of linkages, these

being linkages between scientific progress ard invention (LL-LT) which history of technology

has traditionally investigated, science and the process of invention (L2 - L'2'), invention

and innovation (L3 • L'3'), and finally innovation and growth, that is the subject of

economic history. It has been found that Ll-L'l' is a strong binary coupling if the intensity

of scientific contribution is high; and is found to be low for the area of mechanical

engineering, and very high in the case of chemical, and electrical engineering and atomic

energy related technologies. Inventions fall into two principal categories, hose that might

be termed autonomous inventions, where the aim of the inventor is to make profit and to

fulfil certain technical requirements. Entrepreneurs are not responsible for these

inventions. There are other inventions that fulfil certain economic requirements and have

no specific technical brief. A number of inventions that have latter on created a new

technological world would {all into this category, for example the range of

telecommunications technologies.

4.1 Typology of Innovation

In order to study innovation- growth, a typology of innovation is also required. Amongst

the many typologies available, Gille has a fairly adequate one, since it is congruent with

the core of a number of typologies:

* Compensation innovations are those innovations that seek to oppose certain

phenomena of industrial localization,

* Marginal innovation is the product of the efforts of private individuals, and is often the

outcome of elementary calculations,

* Structural innovations arc introduced to restore balances in productive capacity

amidst the diversity of techniques used in manufacturing processes,

" Comprehensive innovation unlike marginal innovations involves collective structures

and implicate notions of growth and progress.

It must be noted here that with developments in technology, the structure of technology

also evolves. Given the essential connection between scientific and technological progress,

the possibility after the eighteenth century of a major technological invention without

scientific knowlpdge becomes increasingly dim. Thereby invention disappears as a distinct

entity. Secondly, innovation is coupled with economic growth, which effectively means that

the promotion of technical research requires higher fixed costs. This institutionalization

ends individual initiative, hence innovation also disappears as a distinct entity.

4.2 The House of Technological Knowledge

The next question that needs to be asked is where and with whom does technological

knowledge reside. The answer surely depends upon what technology is thought to be and

the way technological knowledge is conceived. Is an individual the repository of

technological knowledge concerning a device or a system; or in the case of a recently

invented machine could it be the inventor of the artefact. Suppose one were to consider a

technological system, then this knowledge is definitely social, if the system were to sustain

and replicate itself, for the "how-to" is lodged in a number of people, institutions,

traditions. To acquire an appreciation of how this "how-to" is translated into operational

systems, in addition to understanding the immanent logic of technology, it then becomes

imperative to decode the complexities of organizational structures. Despite the social

embedding of technological change, the history of technology of the previous century does

record an era of independent professional inventors.

The period following the end of the American civil war up to the beginning of the First

World War, Hughes calls the era of independent inventors. Through a case study of four

American inventors, that included Edison, Tesla and Sperry, Hughes takes us into the age

where the inventor survived without a salaried position in an industrial corporation or was

associated with a government agency. However, even here there is a fine distinction

between the domains within which inventions are performed. For example, professional

inventors shifted Gelds of inventive activity with relative ease; the industrial inventor

embarked on the task of solving problems of refinement. This sort of activity could best be

performed collectively, and required well equipped research teams. The industrial inventor

was himself immersed in a technological system where technological problems were

continuously being thrown up. The radical inventor as the term implies invented machines,

devices, structures that disrupted the "industrial status quo"; their inventions did not

mirror the character of organization within which they worked. This disjunction is

representative of a technological rupture; something which in the history of technology is

quits different from the epistemic burden shouldered by the history of science where it

must be proved that knowledge is knowledge "'.

3 Hamtin points out that this has to do with the fact in the history of technology nn one
person is accountable for the character of technology.



4.3 Technological Innovation or the House the Inventor did not Build

In the realm of technology development, technological problems are those that arise from a

demand and are addressed by incremental improvements within an already existing

paradigm; the evolution of the technological system ifl impeded by what are referred to as

reverse salients, the analogues of Bachelardian epistemic obstacles in the sciences. The

economic literature, would however, hold that the demands referred to above, are basically

of an economic nature, that economic forces drive innovation. Further, that inventive

activity play an important role within the economic system in that it fills up tones of low

innovative pressure in an economic system. Innovation conceived as a demand driven

process, is then either influenced by economic demand or ifl guided by the dire need for

removing salients. Like technological determinism, economic determinism leaves a number

of questions unanswered:

_ those relating to the foci of innovative activity,

the cognitive processes underlying invention,

_ the character of particular innovations.

When viewed from the perspective of economic demand, corporate capitalism would require

that innovative activity be devoted to making profit; further the trend would be to invent

first and find uses later. However, in contradistinction to this perspective, the work of

Etting Morrison on the rise of the industrial research laboratory suggests the emergence of

these labs as the fruit of the enlightened insight of visionary industrialists, investing in

science to "procure more than piecemeal improvement".

This marks a departure from the earlier conception where innovation was a process of

solving those problems that existed prior to, followed by a process of persuading concerned

constituencies of their having been solved. The Gutenberg revolution in moveable type

printing is a clear cut exemplar of the 'transition from a demand-driving to demand

creating technology"; examples of more contemporary inventions that followed are the

telephone, cheap aluminium, the incandescent bulb, and the phonograph. An inventor is

one who senses opportunities rather than solves problems - the term problem naturally

conveying something else in technology. For the notion of technological change as a

solution to problems is often a post-fscto ascription - that greatly narrows down the

connotation of the term technological change.

For example, in the open systems approach adopted by Hughes' in his Networks of

Power, that is essentially an application of the sociology of scientific knowledge to the

sociology of technology, technology is visualized as having national styles, since it is
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influenced by political, economic and economic factors. This influence must not be taken to

mean that the design of a technology is influenced by the host society, but that the "context

of origin influence a technology's design". The successful builder simultaneously engineers

technological, economic and social factors, hence the technology is not merely constructed

by the builder but incorporates all those who jointly produce the technological artefact.

The interface between technological systems and the environment is a field 'of contestation

and change". Those promoting a particular technological system, then move towards

naturalizing the role of technology, wherein technology is taken to be a given within

society.

5.0 History of Technology in Technology Assessment

In addition to asking the questions the history of technology does, which in a way is

already prescribing a more interventionist role for social studies of science and technology

in the incarnation of the technologist of science, the history of technology is beginning to

become germane to technology assessment. Now technology forecasting has certain

practical functions and a set of theoretical objectives.

The practical functions of TA (technology assessment) are three-fold, inclusive of

technology forecasting, technology monitoring, and control. Technology forecasting has to

do with the long and short term consequences af technological change, in turn generated by

a possible specific innovation, or by a broad based socio-technical transformation. These

specific innovations or socio-technical transformations, belonging to the class of generic

technologies having multiple and diverse applications, such as the domain of integrated

circuits, or may involve the development of new technological fields, as is the case with

biotechnology. Real time impact studies undertaken to validate the predictions made above

would actually fall within the domain of technology monitoring. The task of control is, on

the one hand, to shape technology development 90 as to achieve or avoid certain social,

economic, environmental consequences, either with respect to a practical device or a field,

and on the other embraces cam onary trends or traditional concerns, such as appropriate

technology. In addition to the above, the programme of control also serves in as much as it

shapes the context within which technology is used (e.g. financial and legal measures), or

through public debates or awareness programmes on technology development.

The theoretical objectives of TA, has for its objects of investigation the innovation process,

and the relationship between technology, society and economic change. TA thus sets about

deciphering how these aims are to be achieved, and employs for the task the different
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methods of technology forecasting, methods of technological control. And finally, the

theoretical objectives include the ongoing research agenda of TA studies.

5.1 The Historical Extrapolation

We shall not return here to the goals of the history of science, but refer to that realm of

activity that i.i germane to the task of technology assessment. A historical investigation

would throw light upon trends, regularities, and patterns in technological change that

could then be extrapolatable into tha future. In the process, it could as well reveal the

nature and kind of forces that are influential in shaping industry and technology. And

finally, historical narratives could throw very important light upon social issues influenced

by technology, a case in point may be large dams for irrigation and power. TA ia concerned

with analyzing the social consequences of technological change; and seeks to elucidate the

social determinants of technological and economic development. Both these are central

issues for the history and sociology of technology.

On the other hand action network theories prescribe that history of technology look for

patterns of technological success, and analyze the conditions of their applicability, and

thereby what is implied in their extrapolation. Hence the history of technology could

provide criteria for technological assessment, for example that of assessing and deciding

upon the utility of techno-scientific projects: for example looking upon favourably at

projects that cause minimal damage should they fail; as well as enhance the material and

social realization of projects thatare democratically supported by "all the people involved".

5.2 What are the Goals of History of Technology?

Considered from the vantage point of historical writing in technology, and not

historiography, as has been previously discussed, there appear to be two types of history.

Purely descriptive history, that orders events through selective simplification; and

analytical history, that explains the nature of historical process and forces producing

change. In the latter account the past is revealed through the "constant patterns of

regularities" underlying the "apparent" diversity of events. The disclosure of the past in the

analytical narrative of history is established by educing the causal relationships among

historical variables; by analyzing historical situations/events within a broader context;

isolating a variable, tracing its influence or tracing how it has been influenced by other

historical developments; and finally through the comparative studies of revolutions.

The historical data and information furnished by such research then serve as the necessary

foundations for theoretical analysis while the patterns and regularities revealed become the

object of theoretical analyzes. Through the identification of important variables and causal

relationships, procedures for testing the validity of theories are acquired. And finally, the

interpretive contexts that gradually emerge from the activity of historical analyzes in turn

constitute building blocks for further theoretical analyzes of say technological trajectories

and normal science.

Append ix : Possible Research Problems in the History and Philosophy

of Technology

Having reviewed the contemporary concerns of the history of technology, we now have to

carve out the domain of investigation of the current research programme. On this count

the foregoing review must not be visualized as the only framework whose concerns are to

be reflected in the studies to be undertaken. There are three principal portions to the

study of technology, and for the sake of convenience let us categorize them as follows:

_ the technological history of technology, technological artifacts and

technological systems,

_ the social construction of technology, technological artifacts and

technological systems,

_ the economic history of technical and technological systems.

While this review has focused upon the social character of technology, this is no way

privileges the social constructivist component over the other two components. All it has

available to it is opportunity to prise open the epistemological, ideological and the cultural

black box of technology. Which is why, as has been discussed with experts from other

research groups (Indian Institute of Science, Bangalore; Institute of Socio-Economic

Change, Bangalore; Department of History, Pondicherry University; Centre for Technology

and Development, New Delhi), a pluridisciplinary of research specializations will have to

be brought to bear upon the diverse constitution of technology. Three typical problems

that can be studied are as follows:

Gatifier Technology
Looking at a more contemporary problem, it would be of relevance to look at the history
of the research programme on gasifer technologies, undertaken at the Centre for the Ap-
plication of Science and Technology to Rural Areas. Indian Institute of Science. Other
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than the fact that the technology was pulled o(T the shelf of technologies in the era of re-
newable energy sources, the mote important point to note is that as technological practice
it is astride two paradigms of technology (very-high-tech research inputs, decentralized
power generation). The study should provide an insight into how during the course of
the development and the finalization of the technology, the goals and objectives of the
research programme have changed; with this shift in goals and objectives has also come
a displacement of the applications envisaged for the technology. Further, the networking
of potential users, research scientists, fabricators, marketing experts, bureaucrats jointly
shaped the trajectory of gasifier based technologies. Finally, this would fine tune our
understanding for undertaking a study of technological alternatives, be it in the case of
low cost housing, or biomass based power generation.

Power Sector: Karnataka

The previous problem relates to a more contemporary slice of reality. Taking the case of a

technology from the early decades of the twentieth century, it would be of interest to look

into'the genesis of the power sector in Karnatska. Karnataka is chosen for the focus of the

study for two reasons:

_ Viswesvaraya, built his prototypes of targe dams and hydroelectric power stations

in the state: the Vani Vilas Sagar, Sivasamudram and the Krishna Raj Sagar, all now part

of the developmental mythology of the state of Karnataka,

A number of the older power stations in the state are being dismantled, and the

equipment will probably be sold as scrap. Furthermore, the people who new this first

generation of Karnataka's engineers are also fast dying out. There is thus an urgent need

for documenting the history of technology of the period,

_ Finally, of importance for the history of technology, is the fact that turbine and

generator technology for Sivasamudram were not standardized even when the power

station waa built. Henca the degrees of freedom were greater for the manipulation of

technology in order to render it commensurate with resources and skills of the indigenous

society. More importantly, a host of related technologies, skills and professions were

brought to bear in shaping the power generation industry.

Canal Irrigation: We.it Godavari

If possible, a set of agricultural techniques from the late medieval period will be

undertaken for the study. However, the above frameworks are problematized within the

study of technology; and hence cannot be applied to the history of techniques, particularly

for the period under consideration. The case of the introduction of canal irrigation in West

Godavari district, and how it altered the cropping pattern could well be the focus of the

study. As a research problem it is aa well open to ecological approaches that are fast

burgeoning in the history of technology.
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