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INTRODUCTION

Although there 15 an entire branch of or-
ganizational science that is dominated by eco-
logical theory (ie population ecology; see
Aldrich, 1979), past research has been limited
by a focus on 1) the relationship between the
organization as a whole and its external envi-
ronment, and 2) the macro-level correlation of
abstract variables {e.g. structure, technology)
in different environmental contexis, Further,
since the heyvday of past ccological research
was in the 19605 and 1970s — prior to the
*“discovery™ of organizational culture — past
ecological studies of organizations did not in-
corporate a concept of culture.

The approach presented in this paper will
break new ground by applying the theory and
method of ecology to the small-scale work
group. Using the writings of Julian Steward,
Amos Hawley, and the population ecology
school of organizational theory as starting
points, the paper will demonstrate the use of
ecological concepts and methods to explain
variahility in work group responses o new com-
puter-aided technology (CAT). Our approach
differs from earlier work in three ways: 1) our
focus will be on relations between the work
group and its immediate environment, which
is largely comprised of things inside a com-
plex organization; 2) our database will be struc-
tured not around abstract variables, but around
detailed descriptions of actual work group be-
haviour in its natural setting; and 3) we will
incorporate the concept of culture as an adap-

tive system, including locally distinctive ideas,
meanings, values, norms, behaviours, and ma-
terial artifacts. In this paper we will explicate
our approach, discuss the ways in which we
were required to adapt ecological theory for
application to work group behaviour, and pos-
tulate a process by which the perceived mean-
ing, value and instrumental utility of new tech-
nology is shaped by differential resource allo-
cations and resulting ecological patterns within
local areas of the organization.

BACKGROUND: DATA BASE AND
METHODOLOGY

The data from which our theoretical under-
standing emerges have been pathered in the
course of a problem-oriented industrial research
project. A multidisciplinary team of university-
based researchers was commissioned to inves-

" tigate the role of culture in the implementation

of mew computer-aided technology (CAT)
within a large manufacturing enterprise. The
implementation wias intended to enhance the
client’s product development process by intro-
ducing a unified CAT system that would en-
ghle integration of various product develop-
ment functions through the sharing of electronic
data. Our research client was concerned that
cultural factors at the work group level could
present barriers to the introduction of a new
technology aimed at cross-functional integra-
o

The importance of social, organizational, and
cultural factors in shaping the outcomes of
new CAT implementation has been well docu-
mented in the literature { Adler, 1989; Majchrzak
etal., 1987; Tornatzky and Fleischer, 1990). The
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socio-cultural and organizational systems of
corporations and work groups present mamy
complex challenges to, and constraints on, ef-
fective utilization of CAT, resulting in
subeptimal results from large technolagical in-
vestments (e.g. see Majchrzak, 1992). The pur-
pose of our mvestigation was two fold: 1) to iden-
tify social, organizational, and cultural factors
in the client organization that could influence
the implementation of new CAT; and 2) to rec-
ommend culturally-appropriate strategies that
would facilitate technology integration within the
framework of the humamstic tradition {Le. tech-
nology in the service of developing human
potential versus other non-humanist objectives
described by Braverman [ 1974]). Following our
research, 1t was intended that we would enter
into a separate phase of activity in which we
would apply the knowledge we had gained by
providing consultative advice to work groups
mvalved 10 new technology implementation.
Additcenal knowledge gained from these con-
sultations would enable the development of a
process puide thai could be wsed all over the
corporation to support humanistic technology in-
tepration. [t was our hope that this work would
give work group members a stronger voice in
technological decision-making, as we intended
to build the views of work group members into
the process guide.

To achieve these objectives, our eight-mem-
ber, multidisciplinary team {including anthro-
pologists and engineers) selected eleven work
groups within five major corporate divisions for
ethnographic study. The sifes represented a
range of different work functions, including
component engineering and design, prototype
manufacturing, manufacturing engineering, and
a diverse array of engineering support functions
{e.g. purchasing, transportation) — all places
where the new compuier-based technology
would be introduced as an integrating mecha-
nism, Ower an eighteenth month period, the study
teamn spenl over 400 hours in the field at the
eleven work sites, conducted about 200 ethno-
graphic interviews, and engaged in many hours
of observation focused on work group activity
and the use of new technology. We custom-
designed our methodology, in cooperation with
client management, to enable unobstrusive
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chservation of work activities. All interviews
were confidential and voluntary, and took place
at times that were muially agreeable 1o man-
agement and to the individual being interviewed
The ethnographic data gathered during this re-
search served as the empirical base from which
our theoretical observations are derived. [The
study team also designed a comprehensive ques-
tionnaire which was administered to 150 work
group members. |

When we began the project, we deliberately
did not adopt any particular theoretical model
of culture. We wanted our explanations 1o be
grounded in empirical data emerging from field
work. [nkeeping with such a generalist orienta-
tion, we developed a field protocal that empha-
sized capture of a broad range of different types
of data pertaining to CAT, including: 1) direct
observation of individual work behavior and the
physical setting of work and technology; 2)
direct observation of work group interaction (e.g.
CAT demonstrations, problem-solving); 3) site
visits [including observation and interviewing)
1o other wark groups that interact with our focal
groups; 4) verbal descriptions of individoal and
waork group behavior, and the role of CAT; 3)
verbal descriptions of individual attitudes and
values pertaining o CAT, 0) observation and
participation in CAT-related meetings with
members of the focal group: and 7) documents
produced by the focal groups (e.g. organizational
charts, buginess plans for CAT). Field notes from
these experiences were transcribed into a com-
puter-based data file, and content analyzed
using Talley 3.0 software.

THE ARRIVAL OF CULTURAL
ECOLOGY

Although our study team was committed (o
induction, we realized that we nesded some kind
of overarching conceptual framework if we
wanted to compare work group cultures across
the large number of sites in our stdy, and
explain their behavioural and amtitudinal differ-
ences and similarities with respect 1w CAT.
Cwr field protocol ensured that we had gathered
comparable types of data, but we still needed
comparable conceptual categories to guide data
analysis. [Indeed, a struggle unfolded within our
study team as we grappled with the issue of how
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o conduct cross-sile analysis in the absence of a
theoretical model; some members wanted to stick
with a totally emic approach to analysis and let
the comparison fall where it may, others wanted
to develop an etic framework before analysis
began. |

Our atheoretical posture became increasingly
untenable as the result of a promize we made 1o
our sponsor following the initiation of research,
We had agreed to develop (after data analysis) a
means to translate our findings into some con-
crete action steps that work groups could use to
identify and address key cultural issues related
o CAT implementation. To develop diagnos-
tics and intervention strategies clearly would re-
quire a theoretical mode] of culture that would
cnahle some ability to project anticipated out-
comes based on an assessment of the existing
gocial and organizational system, We necded to
agree on what a culture is, and how il interacts
with CAT. Otherwise, how could we possibly
know what our diagnosis should be looking for
and what we should recommend for work groups
that we had not yet seen”

The 1dea of using cultural ecology as an ex-
planatory framework emerged after we had com-
pleted data collection and were engaged in the
process of rying to make sense of work group
response patterns.  As we began this process,
we found that there was enormous variability in
the responses of different functional groups to
new CAT. Some proups were eager to receive
the new technolopgy and had already successfully
completed large-scale implementations. Other
groups were cautious in their acceptance, adopt-
ing the new technology on a small-scale pilot
basis. Sull other groups were highly resistant,
displaying quite negative attitudes with some
even going so far as to repect the new technol-
ogy altogether.

As we studied our Deld data, 1t became clear
that each of these response ypes — eager ac-
ceplance, cautious trial, and open resistance —
represented logical extensions of long-term
group patterns of adaptation to local environ-
mental situations. Groups that were eager 1o
receive new technolopy had a history of assum-
ing technelogical leadership, and of taking tech-
nological risks. Such behavior was most typi-
cal in product design groups where there was an

abundance of technology and a strong depend-
ence on computer tools in the work process.
Groups that were cautious in their adoption and
utilized small-scale pilots often had no internal
need for the CAT applications that were being
deployed, but felt they had to be conversam with
the new technology in order to interface with
the design groups. They also argued that they
needed to be flexible technologically in order 1o
interface with a large number of other units, some
of which used other types of CAT systems (not
the ones being implemented) or did not use CAT
atall. These kinds of responses were most often
seen in groups that supported the design and
manufacturing process.  Finally, work groups
that were highly resistant to CAT often were
technological lapgards generally. They argued
that they did not need the new technology in
order to do their work, and that its adoption
would severely cripple their work capacity. Most
of these groups (which were found both in de-
sign and in support) were using obsalete tech-
nologies to do their work, For these groups, use
of obsolescent technology represented the con-
scious choice of doing work in a waditional way,
a5 opposed to nisking the switch to a new mode
of work that might jeopardize their ability to do
work at all,

What was most striking about these responses
was that, despite their diversity, their basic logic
wis the same. Each group seemed to be saying:
wi are responding to new CAT in the same way
that we have always responded to new technol-
ogy, in a way that we believe will enhance or
protect our ability to do our work in the way
that we want our work o be done. Most impor-
tantly, the groups’ responsss appeared to be an
extension of meanings, values, and norms that
had developed over time, within the context of
different functional missions and different in-
ternal organizational environments. Or, phrased
differently, work group responses to new CAT
seemed to be a function of long-term adaptive
(or, possibly, maladaptive) processes inside the
COrporation.

CASE STUDY ILLUSTRATION

An illustration of one such adaptive response
pattern 15 provided by our study of the Trans-
portation Support Group (T30). This was a work
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group of nine “engineers” (not all of them
had formal training in engingering) and one
supervisor who were responsible for the design,
construction, and maintenance of large contain-
ers used to ship the company s parts from manu-
facturing to assembly plants. Because this group
did not perform a core function, much of their
activity was out-sourced to external suppliers
who wiould design and build the containers un-
der contract. The “engineers” in the TSG did
not have the skills necessary to design and con-
struct the containers themselves; it was their job
to manage the external suppliers,

Oiver the vears, the TSG had carefully selected
gnd developed long-term relationships with a
diverse group of external supply firms that had
talented people with the requizite skills. Among
these skills was the ability to use computer-aided
design (CAD) equipment to design the contain-
ers. Each external supply house used whatever
type of CAD equipment it desired, and the TSG
group would purchase one workstation of that
equipment type so that they would be able to
access and read all of the designs created by the
various supply houses. In all, the TSG had col-
lected more than seven types of computer and
non-computer tools for creating container de-
signs, based on the diverse capabilities of their
external suppliers.

The corporation in which TSG was located
had developed a strategy to commonize the tech-
nologies and work processes used throughout the
product development process. This strategy was
aimed at ensuring that all of the many groups
involved in product development would have
access to a single up-to-date master copy of each
part being designed. This would enable better
coordination of the many paris needed to con-
struct the company's complex product, and also
speed up the time needed to design the parts.
The TSG also was expected to adopt the strate-
gic technology and to require its suppliers to do
the same. Even though the TSG did not actu-
ally design parts, it used the designs of parts o
create the containers that carry parts. Therefore,
the new strategic technology was relevant to the
TSG s work process.

While the TSG eagerly adopted the strategic
technology and hired new engineers (with de-
grees) to operate the equipment, they refused to

MARIETTA L. BABRA

abandon any of the seven different types of de-
sign tools and methods they had collected pre-
viously, and they refused to force their suppli-
ers to adopt the new strategic tools. According
to TS0 members, they (TS0 were not expert in
CAD technology — the supply houses were the
experis. If the supply houses did not choose to
adopt the strategic technology, then the TSG did
not believe that it (TSG) had a legitimate right
to force the suppliers to comply, after all, the
T3G followed the suppliers advice when it came
o technology selection. Furthermore, if the sup-
ply houses would not comply (and many of them
would not, since the sirategic lools were very
expensive and often were not compatible with
the computer sysiems used by the suppliers’
other customers), then the TSG would need to
retain all of the previous design tools in order to
be able to continue to interact with the suppliers
using compatible technology.

The end result was that the TSG increased
the diversity of its design tools by adding the
strategic technology, but refusing 1o pam with
the other tools. This was exactly the opposite
result intended by the strategic technology pro-
gram of TS s corporate parent.  The addition
of the strategic technology conformed with the
TSG™s habit of collecting all of the tools used
by "significant others” (ie. these new tools
would be needed to communicate with other
groups inside TSG), while its refusal to part with
its pre-existing collection of tools enabled TSF
to continue its historic relations with external
exchange parners. In other words, long-term
adaptive patterns were maintained and extended,
while the corporation’s objective of commani-
zation was thwarted,

Omee we recognized the potential importance
of long-term adaptive responses and local envi-
ronmental conditions to the explanation of our
data, we began to conceptualize each work group
as an adaptive subculture, existing within a spe-
cialized niche in a larger organizational envi-
ronment, Each group’s response o new CAT
was the logical outgrowth of a long-term adap-
live pattern, To explain variability in responses
to CAT, we therefore needed to understand
variability in work group niches and in long-
term adaptive patterns. This conception was
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immediately compelling to our study team: in-
tuitively, we sensed that this approach fit the
data.

CONCEPTS OF CULTURAL ECOLOGY

Chur understanding of human and cultural
ecology is drawn from the work of Steward
(1955), Harris (1968), and Hawley (1986). In
this literature, culture is viewed as a system of
adaptive responses (including ideas, meanings,
values, and norms ) to environmental opporiuni-
ties and constraints which emerge over ime, For
the cultural ecologist, adaptive group responses
{i.e. culture) and their environmenial contexis
form a larger interacting system, one in which
culteral and environmental subsystems continu-
ously influence one another

Enviroument and Ecological Niches

The cultural ecology perspective begins with
an analysis of the effective environment in which
a social group operates. The effective environ-
ment includes both objective conditions and en-
tities, as well as perceived conditions and char-
acteristics of the organization’s context. It is
necessary 1o include both objective and per-
ceived characteristics to ensure a robust conce-
ptualization of environmental forces (Kaplan and
Manners, 1972).

An important goal of environmental analysis
is to define the specific ecological niche in which
a particular social group functions. Several
objective dimensions of effective environment
may be considered in defining the niche for
any particular group. The literature of organi-
zational ecology includes dimensions such as
resource abundance/scarcity, environmental het-
erogeneily’ homogeneity, environmental
stability/instability, environmental concentra-
tion/dispersion, degree of domain consensus,
and degree of mrbulence {Aldrich, 1979). These
dimensions have been developed primarily
in smdying the relationship between an organi-
zation and its external environment. Operational
definitions of these dimensions may be devel-
oped contingent on the specifics of the research
problem. The dimensions are sufficiently objec-
tive to enable comparative analysis of a wide
variety of environments, although not all of
the dimensions are equally important in all situ-

ations. Different configurations of dimensions
are needed to describe niches in different envi-
ronmental seitings.

Adaptive Cultural Responses

In the theory of cultural ecology. a socal
group adapts (fe. responds over time) to its
environment through a cultural system that
contains several interrelated dimensions
(Steward, 1955). The economic system and
technology wsed by the grouwp constilute one
important dimension of cultural adaptation;
these constitute an adaptive techno-econcmc
grounding with respect to the environment,
i.e that part of the culture that links most di-
rectly with the physical aspects of the ecologi-
cal miche. A second dimension of cultural adap-
fation is the social organization and behaviours
of the group, ie the gquality and quantity of
social roles, relationships and interactions
within and between groups. This organization
allows the group to utilize s technology and
enact its economic system in response to
environmental demands and pressures. A
third dimension of adaptation is ideology, i.e
ideas, meanings and values. A group’s ideology
also can be viewed as part of an adaptive re-
sponse — it supports the shared interpretation
of events and circumstances, and helps to coor-
dinate group activity within an adaptive frame.
work.'

Over the long term, the techno-economic
dimension influences the other two dimensions
of cultural adaptation (social organization
and ideclogy); that is, certain key elements
of these latter dimensions (but not necessarily
all of them) appear to adapt themselves w the
demands and constraints of technology and
economy, which in turn adapt to a changing or-
ganizational environment. There are, however,
important feedbacks from social organization
and ideclogy that influence and constrain tech-
nology and economy over the near and interme-
diate terms. Differences in adaptive patterns {de-
fined by different confipurations of techno-eco-
nomic, socio-organization, and deological di-
mensions) that reflect different types of niches
are expected to explain a substantial amount of
variability across cultures, Differences in rela-
tionships among and between adapting systems
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alse zhould explain some of the observed vari-
abiliry

ADAPTING CULTURAL ECOLOGY FOR
THE STUDY OF WORK GROUPS

The application of ecological theory to work
groups within a complex organization posed
some difficult theoretical and practical problems,
Mozt difficult was the translation of concepts and
definiiions from literatures focused on entirg
socielies and large organizations 1o small func-
tional work growps within a complex organiza-
tron.  Here we review some of these problems
and discuss ways m which we coped with them.

Nature of the Focal Group and fts Ecological
Context

The literature of human, cultural, and organi-
zational ecology has focused almost exclusively
on levels of arganizational phenomena that are
larger m scope and scale than the small func-
tional work groups we were studying.  Earlier
work has concentrated primarily on non-literate
bands and tribal societies (Steward, 1955), cit-
igs [ Hawley, 1986), and complex organizations
i Aldrich, 1979), Few studies have applied an
ecological perspective to the inside of an organi-
zation, while simultaneously viewing the work
proup as an adaptive system within that setting.
One exception 15 Lawrence and Lorsch (1967),
who examined the degree of differentiation and
integration berween different organizational sub-
systems within complex organizations,

Our rationale for applying the ecological per-
spective to the inside of an organization 1s
grounded not so much in the argument that or-
ganizations may be viewed as ecological sys-
tems as it is grounded in the idea that work
groups may be viewed as culture-bearing units.
Functional work groups do appear to constitute
culture-bearing zocial groups since they display
the following characteristics: a) 2 fairly stable
membership over time; b) membership bounda-
ries; ¢} a distinctive realm of shared collective
work experience; d) geographical co-location;
¢} engagement in joint problem-solving; ) a set
of shared social roles and relationships; and g)
distinctive work behaviours, social roles'rela-
tionships, and beliefs which are taught to new
members. Indeed, many functional work groups
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have been viewed explicitly as subcultures by
anthropologists and sociologists (see for exam-
ples Trice, 1993, We suggest that if this appli-
catien of the culture concept s correct then func-
tional work groups also may he viewed as adap-
tive subculiural systems exisung within an eco-
logical setting, Because the environment of most
work groups within complex organizations 15 the
inside of the organization itself, then we submit
that the imternal envirenment should be viewed
as the ecological context for evolving adaptive
[ESPONsCs,

The Environment

The ecological literature on small-scale soci-
eties has charactenzed the environment and 1ts
niches primarily in terms of physical geography,
chmate, and flora and fauna. The lieratnire on
complex organizations has defined environments
and niches largely in terms of other orgamiza-
tions and the control that such environmental en-
tities have over resources and resource configu-
rations (e.g. resource abundance, stability, di-
versity). Clearly, the first conceptualization of
environment is not appropriate for modern in-
dustrial work groups in a manufactuning firm;
most of these have Linle i anything o do with
the namral environment. The second type of
conceplualization, on the other hand, appears to
be quite appropriate.  Inside a corporation, the
environment will consist largely of other work
groups, both inside and outside the corporation.
Further, the nature and availability of resources
within organizations certainly is an important
consideration in the adaptation of work groups
over time

Dimensions of Environment and Niches

Some problems arise. however, in trying 1o
transfer the conceptual bagzape of organizational
coology to the task of defining the dimensions
of the environment within an organization. In
much of the organizational ecology literature,
the environment has been defined largely
terms of its objective dimensions, particularly
resources — what kind, how many, how avail-
able, how stakle, and who controls them. The
focus on these resource-related dimensions has
been driven largely by contingency theory in
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organizational seience. Contingency theory has
established the goal of determining whether and
10 what extent different environments and niches
within environments influence other organiza-
tional varables {e. g structure, inferorgani-
zational relations). Resources are one aspect of
the environment that is more or less consistent
across organizational settings and can be
measured objectively.

In our research, however, we were not inter-
ested strictly in statistical correlations among
abstract variables (although such comrelations
may make a contribution to ecological analy-
gis). Rather, we were trying first of all to under-
stand 1n the broadest descriptive terms how
groups respond to new technology and, éven
more importantly, why they respond as they do.
In other words, we had an inductive agenda, one
which did not preclude the discovery of new
variables that might be unique to a particular
group, and’or might involve subjective percep-
TLns.

As we approached our data from an ecologi-
cal perspective, we  first looked for objective,
resource-focused dimensions of environment
used by other organizational scholars. This ap-
proach proved fruitful. We found that relative
resource abundance/scarcity over time was an
important consideration in understanding how
and why groups respond to new technology,
Work groups that have greater access to techno-
logical resources ever time tend to display a
greater interest in new technology, and also have
a stronger tendency to encourage all (or more)
group members o use new technology. Thus,
work groups which were far forward in the prod-
uct development process — for example, engi-
neering design groups that created the propri-
etary designs for the companies’ core products
— had aceess 1o virtually unlimited technologi-
cal resources, with human resources being rela-
tively plentiful as well. This was because man-
agement policy designated the work of these
groups as crifical to the company’s success
the marketplace, and spared no expenses to en-
sure that these groups had the tools and skills
they needed 1o keep ahead of the competition.
Groups in such niches often had advanced com-
puter design tools, with each group member hav-
ing his or her own workstation as well as access

o rraining o keep them abreast of the state-of-
the-art.

Conversely, if technological resources are
scarce, the work group will of necessity need to
develop ways of dealing with tasks that do not
rely on having the most advanced technology,
or on having everyone use advanced technol-
opy. Adaptive responses in technologically
scarce environments emphasize the need for
maintaining a range of work methods that in-
clude older technologies, shared technologies,
and reliance on the technological resources of
others. This was the situation faced by the TSG.
Management policy designated their work as less
crifical to the company’s success, and so they
were not given access to the technology or the
human resources to enable them to do all of their
work themselves. Most of their work was
outsourced to a large number of exiernal suppli-
ers. Toenahle interaction with the supplier com-
munity, the TSG had managed 1o cobble topether
a suite of tools and methods that matched those
of the suppliers. Sometimes TS0 members had
to wse their own personal funds to purchase
needed equipment, and sometimes they
opportunistically took advantage of chances to
expand their suite of tools when that possibility
arose. The range of tools collected was not dic-
tated by the TSG, however, but by the suppliers.
Further, many members of the TSG did not have
the skills 1o use the full suite of tools; only a
couple of members could use the most advanced
computer workstations, Management did not
believe that all members of the TSG needed to
be completely computer literate, since the com-
puter design work was not handled by the TSG.
Thus, resulting from resource allocation deci-
sions inside the firm, the TSG developed a set
of ecological relationships that coped with in-
ternal resource scarcity. Maintenance of these
ecological relationships engendered cerain val-
ues and meanings, namely that a) it was desir-
able to mamntam a full suste of technologies rather
than commonizing to one sirategic system, and
k) that technology was more a means to main-
tain external relations that a means to do design
work (which in turn meant that the primary ob-
jective of the new strategic technology — to in-
tegrate design work — was not acknowledged
or recognized as important in this group),



178

Two other, interrelated dimensions of the
environment that proved useful in under- stand-
ing the adaptive responses of work groups were
those of environmental stabilitv/instability and
heterogeneityhomopgeneity. We defined these
dimensions in terms of the nature of inter-group
linkages; that 15, how stable or unstable were a
group's exchange relationships with other
groups, and how homogeneous or heterogene-
ous were these relationships? Boih of these di-
iensions are resource-related, since it s re-
sources that are flowing through the linkages
with other groups. However, we are interested
in measuring the nature of the linkage, as well
as the nature of the resources. Here, we discov-
ered that groups which had stable exchange re-
lations with a limited number of other groups
appeared more likely o adopt technologies that
were compatible with their exchange partners,
particularly among groups that were primarily
exchange recipients (rather than senders). In
other words, part of the groups™ adaptive re-
sponse 1o stable exchange with one or a few part-
ners mvolved the establishment of technologi-
cal compatibility. On the other hand, groups that
have unstable or fluctuating exchange relations
with a larpe set of partners had a greater tcn-
dency to maintain technological autonomy and
flexibility, i.e. the right 1o determine technologi-
cal solutions that allowed the preatest ease of
use and compatibility with the largest number
of potential partners. Thus, when we examined
the technology practices of a large number of
manufacturing plants, we found that those who
produced parts for a single large customer tended
to favor a single type of technology that was
compatible with that customer, while plants that
interacted with a large number of different cus-
tomers favored heterogeneous technological sys-
tems. [The stability and homogensity variables
may not be independent of one another, since a
large number of different exchange pariners
might be caused by, or cause, fluctuations in
exchange relations.]

Unfortunately, the other resource-related di-
mensions provided by the literature were not of
much use. Either we did not have sufficient data
to enable their application (e g. domain consen-
sus), or the variable did not seem appropriate
when applied 1o a work group (concentration/
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dispersion, although this might be relevant if
defined in terms of time or location of exchange
partners), or there was insufficient variability to
explain differences in a group’s adaphive re-
sponses (eg, degree of turbulence: all groups
were highly interconnected and appeared to face
a relatively high degree of urbulence).

One disadvantage of the resource-related vari-
ables is their high degree of abstractness. Say-
ing that a group has rich resources or heleroge-
neous exchange partners doesn't tell us much
about the nature of the group’s work, or how it
does what it does. Because we were committed
to ethnographic description of work group re-
sponses to new technology, it seemed appropri-
ate 10 look for variables that describe differences
in the actual work niches of different groups. In
conceptualizing such variables, we received help
from biological ecology. In biology, an organ-
ism’s ecological niche is conceptualized as the
organism’s “address” (ie where it lives) and it's
“occupation” (Le. what it does for a living).

Conceptualizing Corporate Ecology

Thinking about biology, we began to imag-
ine the inside of the corporation as a map or grid,
arranged along certain key axes, with cach
group’s niche located at specific coordinates on
the grid (see Fig. 1; see Baba, 1995a). Because
we were interested in the product development
process, our map of the organization used that
process as the X axis in defining our map, The
point closest to the point of origin was the be-
ginning of the product development process
(concept formation and design); the poim far-
thest away from the point of origin was the end
of the process (manufacture/marketing). This
made it relatively simple to plot each group’s
location along the X axis; design groups first,
development groups next, then manufacuring.
Clearly, work groups at each of these locations
share certain work miche features in common,
not only with respect to what they do, but how
they do it. For example, there will be certain
work processes and technologies that are unique
to design groups and are not shared with manu-
facturing groups.

The ¥ axis was more difficult to define. Since
the X axis had already been defined as the prod-
uct development process, our initial concept was
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to define variables that would place the work
group closer to or farther from the X axis; that
15, closer to or farther from the producit develop-
menl process, Thus, groups that were close to
the point of origin on the ¥ axis would be those
that participated most directly in the product
development process (e.g. design or manufac-
turing), while support groups would be farther
away from the Y axis point of origin.

This concept proved fruitful, with one modi-
fication. We decided to make a three-fold dis-
tunction in the degree to which the group mm-
pacted product development. Groups with “di-
rect design authority”™ were those with the au-
thority and clout to alter the design of the prod-
uct. Both design and manufacturing groups have
such clout. Groups with “indirect design author-
ity" were those which could modify design in-
directly, by convincing another group of the
need. Materials- handling groups have indirect
authority, because they can argue for design
changes based on materials considerations.
CGroups with no design authority were simply
labeled “support™; they had no impact on de-
sign at all. Work groups that check the accu-
racy of pans against design specifications rep-
resent this third group.

With these two axes defined, we now had a
two-dimensional grid on which all of our work
groups could be plotted. Clearly, other dimen-
sions could be determined which would produce
different maps. For example, time could be
added as a third dimengion which would indi-
cate different relative start times for groups clus-
tering in each of the different areas of the map.
Or, internal political and/or economic power, or
organizational status, could comprise one or
more of the axes. The nature of the X and Y
axes (and £ axis, if appropriate) should depend
upon the nature of the research question.

The interesting thing about an internal, work-
related map of the company is that it provides a
reasonably objective, empirical, graphic means
by which to demonstrate the intetnal corporate
environment of work groups and the relation-
ship of different work groups 1o each other. Each
group’s placement can be thought of as a dis-
tinctive niche. Placements were based on a com-
bination of etic and emic factors; that 15, if we
found that the group was located in a manufac-

turing plant and people in the work group viewed
themselves as members of the plant commumnity
whose work was plani-based, then we would
place that group relatively far downstream on
the X axis (even though the management of the
organization might believe that, ideally, this par-
ticular group should be involved far upstream
in the design process). Groups will cluster on
the map contingent on the natre of their work.
We call such clusters zones; we defined three
zones based on the clusterings of our work
groups (see Fig. 1). Theoretically, such place-
ments and clusterings in zones should suggest
something about their adaptive responses to tech-
nology.

Once such a map has been developed, it is
possible to use it to think about the resource re-
lated variables described above and to determine
whether there are resource gradients on the map,
Indeed, we discovered that it was possible to
connect resource variance to map locations; gen-
erally, zones that were closest to the point of
origin for both the X and Y axis, and/or 1o the X
axis, were more likely to have resource rich {or
non-scarce) environments. £ones that were far-
thest away from either of the axes had fewer tech-
nological resources, We also believe that sta-
bility and homogeneity of exchange partners
decreases as one ravels away from the X and Y
axes. Since the X axes represents the techno-
logical core of the corporation, it stands to rea-
son that groups located along this axis will be
protected from the instability that can accom-
pany heterogeneity of exchange pariner rela-
tions. The tendency of the map to define re-
source and linkage gradients suggests that the
dimensions of the map (e location in, and prox-
irnity to, the product development process) may
be causal to the distrnibution of resources and the
formation of linkages.

Adaptive Responses of Work Groups

In ecological theory, adaptation is defined as
the responses that a group develops over time to
environmental challenges. In its evolutionary
sense, of course, adaptation suggests differen-
tial fitness against natural selection, resulting in
differential repreduction {or survival/growth),
with consequently increasing or decreasing
frequencies over time. 'We are not using the term
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adaptation in ils evolutionary semnse, however,
given the many theoretical difficulties involved
in demonstrating that a group’s behavior was the
cause of its survival (Kaplan and Manners,
1972y, Evolutionary arguments often turn owt
to be tautologies, The use of adaptation to mean
fitness and survival within a corporate setting is
particularly problematic given the fact that in-
ternal units within a corporation may not be ex-
posed to the pressure of natural selection. While
sofme corporations may subject their sub-units
to tests of market fitness as a prerequisite to sur-
vival, others may subsidize unfit sub-umts for
vears or even decades. Thus, survival and even
growth do not necessanly mean fitness.

To avoid the pitfalls of the evolutionary con-
cept, we confined our meaming of adaptation to
that of a process in which sub-umiis learn to re-
spond over time to cerfain patterns embedded
within the environment. Thus, if the environment
is technologically scarce, the sub-unit will de-
velop certain expectations regarding technology
and will leam to make do with scarce resources
(e.g. the TSG). The coping mechanisms devel-
oped by the group as a response to technologi-
cal scarcity will constitute its adaptation to this
feature of the environment.

Contingency theorists argue that the features
of an organization must maich its environmen-
tal requirernents; i.e. the organization must adapt
to its environment. Most typically, organiza-
tional ecologists have looked at abstract catego-
ries of organizational behavior as dimensions of
adaptation — technology, structure, inter-organi-
zational relations. There is a large literature that
demonstrates the sensitivity and responsiveness
af such variables to differences in environmen-
tal context {¢.g. degree of wrbulence). Again,
the standard categories of variables used in or-
ganizational ccology have been selected because
of their generalizability and measurability.

Dezpite their grand theoretical utility, there
is something dissatisfying about these abstract
organizational variables as applied to human
work groups (just as we were dissatisfied with
an abstract conception of the environment). Like
abstract environmental dimensions, these macro-
level variables do not give us a sense of the de-
tailed differences between work groups. For
example, two work groups that do very similar

kinds of work may do their work very differ-
ently and respond to technology in highly
distinctive ways (see illustration provided in
section W1 of this paper). Such subtle differences
may escape detection when focusing solely on
ahstract variables. Those who are committed 1o
an inductive approach want adaptive dimensions
to emerge from the data, and thus to be empiri-
cally grounded rather than theoretically pre-de-
termined,

One way o avold some of the limitations of
abstract theoretical categories and 1o ground our
concepts in empirical data is to focus on the proc.
ess of work itself as the basic adapiive mecha-
nism. Afterall, the work group exists to do work,
and the work 15 a crucial component of its eco-
logical existence (i.e. what the group “does for
a living”). By looking closely at how the group
does its work, we can develop a detaled descrnip-
tion of the group’s natural adaptive responses,
as they have emerged historically through inter-
action with a set of environmental conditions.

Indeed, in our research we had “mnstinctively™
grounded our observations and conversations
with work group members in detailed descrip-
tions of the work process, [ say “instinctively”
becawse we did not have an ecological paradigm
when we entered the field, yet — because we
were in a work organization and focusing on
work-related behavior — it seemed mtuitively
correct to begin our investigation from the de-
tails of the work process. As we examined our
descriptions of work process, it became clear that
we had captured a fundamentally adaptive proc-
Bas.

Group members' descriptions of what they
did on their jobs from day to day represented
nothing more nor less than individual and group
responses to environmental demands and con-
straints. The environment — comprised prima-
rily of other groups — set standards and condi-
tizns to which the focal group was forced to re-
spond. Task quotas, deadlines, and siandards
were laid down; certain finite resources were
provided to do the job. If the group failed, it
could face negative sanctions — management
reprimands, budget cuts, personnel reductions,
career penalties, The things that the group did
as part of their response to these demands and
pressures can only be described as adaptive;
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indeed, they were adaptive by definition (if we
define adaptation as a response (o environmen-
tal opportunities and constraints).

We began to think about the work process as
the key to understanding a group’s adaptation
o an environmental niche, and as the key to
understanding its response to new technology.
Like the economic system of a small-scale soci-
ety, the work process is largely (although not
exclusively) the means by which the environ-
ment of the group 15 exploited. Through the work
process, the work group gathers environmental
resources, modifies these for its own purposes,
and in so doing enables it own continuation. As
in & small-scale society, technology is enmeshed
completely in the economic system (fe, the work
process); the utility of technology, its impact on
the social group, cannot be understood apart
from an understanding of its role in the work
process.” We see the work process as analogous
to the cconomic system of a small-scale sociery
in another sense as well. It 15 within this work
process that the social relationships and social
organization of the group are made manifest
The sociology of the group cannot be separated
from its economic behavior; they are one and
the same,

Thus, from a description of the work proc-
g5, it is possible to extract detailed descriptions
of each of the other adaptive dimensions dis-
cussed in the literature of cultural and organiza-
tional ecology. The work process establishes
the type of technology used, and more impor-
tantly, the way in which technolopgy is used. As
seen in the case of the TSG, the work process —
the steps undertaken to transform information
and materials from one state to another — em-
beds the roles, relationships and organization of
people inside the group, and of exchange link-
ages between groups, For the TSG, the work
process involved managing external suppliers,
not doing design work. The work process also
provides the material context for many of the
ideas, meanings, values, and norms of the work
group. Indeed, the meanings and values that are
most important to an understanding of new tech-
nology responses grow directly out of the pre-
existing work process. Thus, for the TSG, the
meaning of new technology was not that hoped
for by managerial elites (i e. an efficient way to
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maintain the echnical infegrity of mathemati-
cally-based designs throunghout a long, complex
process), This meamng would have required the
TAG to be staffed primanly by personnel with
the technical expertise to operate the equipment
asadesigntool. Rather, the meaning of the new
technology was an extension of the work group’s
traditional way of working — using technology
a5 a way to mediate relations with other groups.
OTHER THEORETICAL CONSID
ERATIONS

Causal Relations Among Variables

We can model the relationships among these
variables much as Steward {1955) would maodel
g socio-cultural system, with the caveat that
causal relations ever the near term are not de-
termined sirictly by the influence of the work
process on other parts of the system. Clearly,
the work process and the technology sel mutual
limits on each other, and on the range of appro-
priate social organizations and weologes of the
group. Work process and technology, in some
ways, thus constitute a framework for the rest of
the cultural system. But the secial orgamzation
and ideology also set imporiant limiis on the
waork process and technology, and over the near
term these limits may be determinative. In other
words, we view the various social and technical
dimensions of the work orgamzation as mutu-
ally causal.

Further, there appear to be different types of
adaptive patterns that are linked to different types
of work niches. These patterns invoelve distinc-
tive configurations of work process, technology,
social organization, and ideology. Our data
shows that in a resource-rich design niche, for
example, the work process will be heavily de-
pendent on some type of computer-aided design
(CAD) technology, and there will be a tendency
for the social orpanization and ideology of the
group to be mediated or influenced by the na-
ture of human-CAD interaction (see for discus-
sion Baba, 1995a). Ina resource-scarce support
niche, on the other hand, CAD will not be as
prominent (it may not even be present) and tech-
nology generally will play a less central role in
the work process. This means that the social
organization of the group will be less contingent
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on computers and material technology generally,
and will be more likely to be shaped by other
factors.

While such distinctive configurations are re-
lated to & group's basic location on the ecologi-
cal map (£one [ vi. Zone 1), alternative con-
figurations within s given zone are possible
based on the existence of different niches. For
example, in Zone [, the choice between 2D or
3D CAD systems — a choiee influenced in part
by a group's specific work niche — will reflect
fundamental differences in work process, and is
likely to influence strongly the nature of the
group's social organization, and the group’s be-
liefs and value system. Groups in a 2D work
niche are less likely to use their computers for
electronic communication, and use them more
as a production tool. This results from the fact
that the functionality of 213 technology is that of
an electronic drafiing board, not a communica-
tions device. This means that a whole dimen-
sion of potential interaction based on electronic
communication is absent. Groups in a 3D niche,
on the other hand, will be engaged ina 30 work
process where mathematical models of a design
are created for the specific purpose of electronic
sharing with other groups; this is so because the
functionality of 3D technology embeds the ca-
pability for electronic communication. Our data
suggests that such 3D groups are likely to de-
velop a new set of reciprocal, inter-group link-
ages based on a mutual interest in such electronic
COMmunication

A focus on the work process shows clearly
the difficulty of separating empirically phenom-
ena such as “technology,” “work behavior,”
“skills,” “social organization,” “structure,” and
“ideology.” Although these concepts are still
crucial to analysis and explanation, their respec-
tive empirical indicators interpenetrate each
ather, and they appear to be mutually causal over
the near term. A designer who operates a 1D
CAD system to transmit a 3D math model of 2
product component to a manufacturing group in
another building is simultaneously 1) exercis-
ing a technological capability, 2) enacting a vi-
tal part of the work process, 3) using technical
skills, 4) affirming his role as a champion of elec-
tronic communication, 5) building an emergent
structure that may not yet exist on paper,

) solidifving trust with an exchange parmer, and
7) acting on the basis of new ideas about
advanced manufacturing. Into which analytic
box do we place the phenomenon? What are its
causal antecedents, and what are s systemmic
consequences? Lnder what conditions are cer-
tain facets of this phenomenon more powerful
than others, and how do they exert their influ-
ence? What are the long term effects of short
term adaptive responses? Clearly, we need an
even sharper focus on the process by which vari-
ous aspecis of the phenomenon shape one an-
ather, and may actually become one another (as
technology becomes structure, and vice versa;
see Baba, 1995b), These are some of the theo-
retical challenges that face the ecologist who de-
scends from the macro-plane of abstract wari-
ahles to the concrete ground of human practice.

Nested (Quality of Wark Culiure

Oine final, yet crucial, theoretical 1ssue de-
serves mention. Unlike small-scale societies
studied by cultural ecologists, the work group
of a complex organization does not exist in a
cultural vacuum, but is part of a larger cultural
context. The work groups we studied were cach
part of larger corporate divisions that had long-
standing raditions of operational autonomy, Al-
though we did not examine work process at the
divisional ievel, it was clear that various divi-
stons had fairly distinctive managerial philoso-
phies which affected the local work group. For
example, different divisions rewarded different
types of work group behavior, with one division
encouraging and rewarding risky technological
gambles, and another rewarding the ability to
do everything super-fast, even if this meant post-
poning technology upgrades (see for discussion
Baba et al., 1996), Such differences had a di-
rect impact on work group responses to tech-
nology. Work groups in different divigions ap-
peared to evaluate new CAT through the lens of
therr divisional reward system and to respond
based in part on their assessment of the CAT s
agbility to perform according to divisional cul-
ire requirements.

Owr ohservations suggest that the larger level
of organizational culture acts as a causal envi-
rofumental force in shaping work group responses
to new technology. Because work groups grow
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up inside of larger organizations, these higher
order structures are powerful shapers of adap-
tive response. Yet, because large work organi-
zations are complex and, in the case of our smdy,
culturally heterogensous, the potential for di-
verse and conflicting influences from the cul-
tural context is greatr, The possibility for diver-
sity and conflict suggests that work groups may
not always be in harmony with their “host™ or-
ganization, or with their work group neighbors.
Since managers often rotate through large com-
panies, new managerial philosophies may mi-
grate into a local scene and stimulate work
groups to act in ways that contradict their his-
torical settings. We discovered the difference
between 2D and 3D design culture, for exam-
ple, by noticing the conflict that developed be-
tween two work groups that were literally sit-
ting next to each other in the design area of a
single corporate division. Although these two
groups worked together on the same projects
every day, they had been influenced by two very
different managerial philosophies, one in keep-
ing with the history of the division and one rep-
resenting a new wave of manufacturing thought.
Although these groups at one time had been
joined technologically and organizationally, they
were now evolving in different directions under
different leadership, largely due to the influence
of higher order cultural forces. This example
suggests strongly that the coltural ecology of
work organizations should not focus strictly on
the behavior of the local work group, but must
take into account the history and work traditions
of overarching organizational structures.

SUMMARY AND CONCLUSION

This paper suggests that ecological theory is
a rich source of concepts and methods that can
enhance our understanding of work group re-
sponses to new technology. From an ecological
perspective, these responses reflect historically
evalved adaptive patterns that are shaped by lo-
cal and global organizational forces. Adapta-
tion is enacted through a group's work process,
which embeds a particular rale for technology,
a zet of social roles, relationships and linkages,
and a body of work-related beliefs and values.
The adaptive work process responds to lecal
demands and constraints, but also is influenced
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by higher order organizational forces.

Efforts to intervene in new technology im-
plementation must recognize the systemic char-
acter of @ work group’s response to new tech-
nology. Such responses are not likely to be af-
fected by intesventions that treat technology as
a disemhaodied artifact, and/or ignore the culor-
ally embedded quality of technology use. Ef-
fective new technology implementation must
procesd from an understanding of the pre-exist-
ing work process of the local work group, rec-
ognizing that this work process will be supported
by long standing social roles, relationships, and
belief systems. Changes in technology that im-
ply or require a change in work process are likely
to threaten pre-existing social relationships, val-
ues and meaning. Such threats must be addressed
in a manner that satisfies the needs of work
groups for mutmally beneficial exchange rela-
tions with other groups. IT the threats are lefl
unchallenged, they may stimulate social resist-
ance movements that mobilize human potential
apainst change in organizational contexts wherg
fundamental change is desperately needed if the
organization is o survive,

MNOTES

1. The litgrature of crganizational ecology utilizes a simi-
lar set of constrcts o describe the adaptive responses
of an organization b 18 enviromment.  Technology 18
wiewed as an imponant organizatonal subsysiem that
orders and controls input-output relations between the
orfgamization and ils envirenmenl. A “wechnological
imperative™ (Fry, 1982) i thought 1o shape organiza-
tional structure, with a proper technolegy-sinuciure
rraich nesded for successful performance.  Other van-
alibes such as interorganizational lmkages and exchange
relationships also play important roles m enabling en-
vironmiental adaptation.

2. Forreazons given earlier, we leave aside here the gues-
tken of whether or not responses that are “adaptive” ina
short-lerm sense are also adapiive from an evolution-
ary perspeciive, 1e. whether or nof the responses in-
crease the fitness of the group.

3. Two advantages af @ focus on srmall-scale work groups
as the primary unit of adapiation are a} an ability o
define the group's technology in precise lemms, and b)
the availability of o broad range of technological types
within o single comparation. Swdies of organizational
ecology have been plagued by the problem of irying io
categarize whole organizations on the basis ol a simgle
technislogy type, when im fact there are rmany different
rypes of fechnology within the organization.
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