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This paper examines the social and cognitive processes that unfold over time as a tech-
nology develaps, Our model focuses on the relacionship berween the beliefs researchers hald
about what 15 and is aot rechnically feasible, the technalopical arrifacts they create, and the
routines they use for evaluating how well cheir artifacts meet with their prior expecrasions,

The historical developrment of cochlear implants secves as an illusteation of the model.
The evidence suggests that there 15 a recipracal interaction berween beliefs, artifacts, and rou-
tines that gives 1ise to owo cyclical processes. One is a process of inversion at the miero-level
of individual cognition wherein evaluarion rautines designed 1o judge specific antificrs begin
reinfarcing tesearchers’ beliefs. Once evaluation rourines become the basis for constructing
individual realicy, rechnological claims aze perceived as relevant only 1o these wha employ
the same roucines while appearing as noise to those who employ different routines, The othes
is a process of insticutionalization ar the macro-level of shared cognition. By institutionaliza-
tion we mean the development of 2 comman set of evatuation rourines that can be applied to
all eechnological paths. Commonly secepled evaluatian routines represent a shased realicy
thar strongly shapes the direction of future technolegical change,

The micto- and macro-level processes that shape individual and shared realities create 2
paradex, In order 1o succeed in the comperitive struggle among researchers pursuing different
technological paths, individuals create theic own realities which then become self-reinfarcing
To the degree in which they are successful in fostering their individual realicy, however, re-
searchets can become less adroit in their ability to embrace the emerging shared reality when
it does not match their own. How well this paradox is managed can profoundly influence
who emerges as the victar or the vanquished during the genesis of a technology.

Keyworns: Technology evolution; cagnicion; social constructian; insticutionalizacion; pach
creation.

[ntroduction

Among organization scholars there is a growing interest in the technological
wellspring—and with good reason. Technological change can permeate all spheres
of human activity, but no where are the effects of such change more discernible than
with industry. New technologies can dramarically alter the competitive landscape,
and by doing so, shake the foundadion of the largest and mosc formidable firm,
while bolstering the entrepreneurial dream of an individual who possess licde more
than the power of an idea. It is precisely this creative and destructive duality first
noted by Schumpeter (1979) that gives technology it allure.

Previous attempts to understand technological change show how even the sim-
plest of questions can become elusive: for example, bow do new technologies emerge!
While cursory observations into this question may suggest a linear progression from
the conception of an idea to i commercial application, a more probing examina-
tion exposes a complex web of interactions between those who develop the technol-
ogy, the physical artifacts chey create, and the institutional environments they foster.
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By scrunnizing one or more of these interactions, several differenc perspectives on
technologiesl change have been proposed.

One perspecrive examines the macro-level pracesses that can only be appreciaced
through the careful examinarion of the loag-rerm struggle for survival among orga-
mzations. [t is suggested thar a new technalogy's emergence can be explained in
rerms of its capacity to diminish or enhance the value of a firm's existing human and
capital 1nvestment (Abernathy and Clark, 1985; Tushman and Anderson, 1986},
Technologies thar diminish existing comperencies are more likely to be introduced
by newly creaced firms, while technalogies thar enhance existing comperencies are
mare likely to be introduced by established firms, Thus, understanding the charac-
teristics of a tcchnu]ug)« can help 1o explain whether a firm will embrace it ar avoid
it, and consequently, the likelihood that its emergence will cause a major disruption
within an industry,

Another approach is to examine the micro-level dynamics of technological
emergence. Historians have examined how a combination of individuals and events
lead to che creation of alternacive rechnolcgical paths tRosenberg, 1982; David,
1985; Arthur, 1988). In a similar vein, other scholars have examined how individu-
als create the institutional environment thar shapes a technology's emergence
(Barley, 1986; Weick, 1990). The “insticutional” perspective has given rise ro the
notion that technological development is a co-evolutionary phenomenon, wherein
there is a continual and reciprocal interaction berween a technology and its envi-
ronment (Rosenkopf and Tushman, 1993; Van de Ven and Garud, 1993}, The co-
c\'ulucionar_v pcrspccdve Provid:s an Jpprcciarion of the view that, when studied
over time, the environment is both medium and outceme of the reproduction of
technalogical practices (Giddens, 1979). The environment constrains as well as en-
ables the development of a new technology a co-evolutionary fashion.

The co-cvolutionary perspective undeescores that technological development
must be studied contemporancously. We cannor fully understand the emergence of
technalogy by means of assessments after the fact (Bijker, Hughes and Pinch, 1987;
Latour, 1987). Indeed, when we observe technology-in-the-making, chere is very
little about the process of technological change that is obvious: it involves the
“constant negotiation and renegotiation among and berween groups shaping the
technology” (Bijker, et al., 1987: 13). Therefore, it is important to closely follow
researchers in order to understand how their negotiations influence what form tech-
nology will or will not rake (Lacour, 1987).

The view thac technology is socially constructed stops short of asking how it is
that individuals create 2 new technology with nothing else but the sheer strength of
their ideas and beliefs. However, as Usher (1954) suggests, it may be important to
scrutinize the cognitve roots of a technology 1o understand its subsequent develop-
ment. Thus, while previous investigatians have pointed to how the socially negori-
ated order of institutional environments directs technological change, we suggest
thar, it may also be useful to examine the negotiated order of beliefs themselves.
Beliefs are che generative forces that set in motion path-crearion processes—thac is,
the initial conception and enactment of technological artifacts and evaluation
routines when nothing else exists but beliefs about what is or is not feasible.

Much can be learned from the lirerature on social and organizational cognition
{e.g., Bateson, 1972; Berger and Luckmann, 1967; Neisser, 1976; Weick, 1979).




SOCIO-COGNITIVE MODEL OF TECHNOLOGY 3

From the point-of-view of cognitive theory, realiey is selectively perceived, cogni-
tvely rearranged. and interpersonally negotiared. At the extreme, social order has no
existence independent of jts members. Technology in the abstrace resides in the
minds of individuals, and cherefore, can be understood more clearly through cagni-
tive variables and decision premises chan through behavior (Weick, 1990).

In this paper we scek to bridge the gap berween the sodal and the cognitive pro-
cesses that eventually become manifest in the form of technalogical artifaces. We
propose a socio-cognitive model of technology evolution, which we illustrate with
data on the development of cochlear implants—a surgically implanted electronic
device that provides the profoundly deaf with a sensation of sound. While previous
studies of cochlear implants {Garud and Van de Ven, 1987; Van de Ven and Garud,
1993) have examined the social creation of the institutional environment, in the pre-
sent study, we show haw the interaction between beliefs, artifacts and evaluation
routines leads to the creation of alternative technological paths. In contrast to con-
ventional methods used to study intra-organizational cognitive structures, we use
interpretive methods to present evidence on the inter-organtzational belief system—
that is, the social-cognitive structure of a technological field.

Socio-Cognitive Model of Technology

The foundation of the socio-cognitive model we propose rests on three basic
definitions of technology: technology as beliefs, artifacts, and evaluation routines.
The first definition of technology is based on its representation as knowledge
{Rosenberg, 1982; Laudan, 1984; Layton, 1984). Technology as knowledge pro-
vides the critical connection with the cagnitive theory literacure, where cognition is
defined as “the activity of knowing: the acquisition, organization, and use of knowl-
edge” (Neisser, 1976:1). Defining technology as knowledge has imporant implica-
tions for how we comprehend technology-in-the-making because it conceivably
includes not only what exists, but what individuals believe is possible. These beliefs
may include the “rules of thumb" (Sahal, 1981) or “search heuristics” {Nelson and
Wincer, 1982) that researchers employ to address technological problems. Ac a
decper level, beliefs may include 2 mosaic of cause-and-effect relationships berween
different facets that might influence the technological outcomes {Huff, 1990). To
understand the evolution of technology from this perspective requires an apprecia-
tion of how beliefs form over rime.

The second definition, physical artifacts, highlights the form and funcrional
characeeristics of = technology (Szhal 1981: Constant, 1987). Constituents of a
technology's form may vary, but it usually tmplies attributes such as iws dimensional
shape and material of construction, Funcrianal characteristics refer to how the tech-
nology is used. To understand the evolution of technology from this perspecrive
requires an appreciation of not only how the form evolves bur also what funcrions
the technology serves over time.

Technolagy can also be defined in terms of a ser of evaluation routines. For
example, Jagrenberg (1983} suggests that technology manifests itself in certain prac-
tices that become institutionalized within a community of researchers. Such
practices consist of testing routines and narmative values that sustain and define the
wehnology—what Constant (1987) calls “tradirions of testabilicy.” The traditions of
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testability are inextricably linked ro the instruments emplayed to generate the facs
that are required ta evaluate the technology (Latour and Woolgar, 1979). Ta un-
derstand the evalution of Icchnt‘!!ﬂg}' fram this perspective requires an appreciadon
of how these evaluation routines emerge over time.

Each definition in our model highlights a unique, and therefore necessary, aspect
of the process of technological development. In our approach, we draw on Neisser's
(1976} cognitive theory of perceprual eycles, which consists of interactions between
schema, perceptions and objeces. Neisser defines a schema as an arganization of
experience that serves as an initial frame of reference for action and perception
(Neisser, 1976:34). A schema directs an individual's perceprual explorations, which
in twrn leads to a selective sampling of the object, which in wrn results in a modifi-
cation of the schema, In this manner, the perceprual cycle revolves berween schema,
perceptual exploration and objeczs. Parallel with Neisser's model, we propose a
“technology cyele” linking researchers' beliefs, the arufacts they create, and the eval-
uation routines they foster (see Figure 1), However, in contrast to Neisser's one-way
interaction, we posit a rccipruca] interaction beeween che three consutuent con-
structs, whereby the genesis of a technology begins with the co-evolution of beliefs,
artifaces and evaluation routines over dme.

FIGURE [
Socio-Cognitive Model of Technology Evolwion

EVALUATION

RO
= tesung standards
and equipment

. * .‘ -, 12 L3S
belicfs externalized as ‘. foutines legitimize

. % 5
evaluation routines o . and select form
!’ " ‘! ‘n
" .~ o .
. . 2 =
‘ ‘ ¥ :
< ¥ routines shape T
s S beliefs % Y
s ‘ ) .
o . anifaces *, LE
4 P dicrate standards

beliefs puide crearion of amifact

BELIEFS
= wechnology
success factars

specific competencies result in the
escalation of cemmitment




¥

SOCIOCOGNTTTVE MODEL OF TECHRQLOGY

Reciprocal [nreractions Benween Beliefi and Artifaces

Weick (1979, 1990) suggests that technologies reside in two intersecting
arenas—the mental and che physical (sce also Kelly, 1963}, At the intersection of
these two arenas, is the idea of enactment where people “actively put things our
there” (Weick, 1979: 165) in the form of physical artifaces. Physical arrifacts pue
sense-making in modon, Individuals interprer artifacts in an abstract way in order to
cope with the complexity involved (Weick, 1990). Artifacts are cognitively worked
upon by categorizing them with reference to existing beliefs. At the same time,
individuals interact with and constitute these arufacts thereby shaping their evolu-
ton in particular direccions.

Thus, there is a reciprocal linkage between beliefs and artifacts. This reciprocal
linkage is discussed by Dosi (1982} in rerms of technological trajectories.
Trajectories represent specific paths of technological change based on researchers’
beliefs. Early on, during the development of a technology, researchers may hold
divergent beliefs abour "what is feasible or at least worth atiempring” which leads
them to pursue different paths {Nelson and Winter, 1982: 258-259). Because of the
high degree of uncertainty involved {Anderson and Tushman, 1990), it is not pos-
sible to ex anse determine the success or failure of any parricular rechnological path.
Different researchers therefore “place their bews” on different pachs.

Researchers develop specific technological competencies over time. These com-
petencies accumulate in a path-dependent manner as earlier technological choices
direct future oprions and solutions {Cahen and Levinthal, 1990; Arthur, 1988;
David, 1985). As competencies became specialized, researchers find it increasingly
difficult to redirect themselves to other paths. As a consequence, there are powerful
incentives for a researcher 1o persist along a chosen path.

Reciprocal [nteractions Berween Beliefr and Evaluation Routines

Geertz (1973: 5) describes man “as an animal suspended in webs of significance
he himself has spun” through the process of enactment and interpersonal negetia-
tion (Weick, 1979). Similarly, Kelly {1963} suggests that individuals create visual
templates which they attempt to fit aver the realities of which the world is com-
posed. These templates consist of constructs thar enable individuals o validate
knowledge and evaluate phenomena. Employing insights from gestalt psychology,
Bateson (1972) argues that “individual vaiidation™ is required because we operate
more easily in a universe in which our own psychological characreristics are external-
ized.

Fram this perspective, evaluation routines are an external manifestation of our
beliefs and serve as second-order frames (Bateson, 1972: 187). Data inconsistent
with an individual's evaluation rourines are cither ignored or appear as noise, Data
consistent with evaluation rourines are percetved as information and cognitively
rearranged in a manner that reinforces an individual's beliefs. Given bounded ratio-
nalicy, this bracketing of perception oceurs because individuals may be more inter-
ested in confirming their beliefs than in actively trying to disprove them (Weick,
1979). In this manner, an individual's beliefs are excernalized, chen objectified, and
finally internalized {Berger and Luckmann, 1967). When this process occurs in
groups, it may lead to multiple environments, with each subgroup enacting its” own



