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Abstract The relevance of information technology is becoming crucial for most organizations.
Learning processes and coordination arrangements are deeply influenced by technological
advances. Empirical evidence shows that complex and apparently contradictory outcomes usually
result from significant investments in new technologies, while traditional conceptual approaches
often fail to provide articulated and convincing interpretations of those changes. As a useful
starting point to overcome interpretive `̀ dilemmas'', this paper proposes to rethink the concept of
technology, and to reconsider the relationship between learning processes and coordination
arrangements. If changes are related to the different organizational decision levels, contradictory
empirical findings become easier to interpret. Examples taken from research into the use of CAD
systems in Italian firms in the packaging machinery industry are given.

Introduction
Organizational research is devoting much attention to several issues
concerning the use of information technology (IT) in organizations. The
relevance of IT is largely recognized by most organizational scholars.
According to Lucas and Baroudi `̀ the design of information technology and the
design of organizations are largely becoming the same task'' (Lucas and
Baroudi, 1994, p. 9). IT is often viewed as one of the driving forces toward
different Post-Fordist organizational and strategic designs, often labeled with
terms such as `̀ lean manufacturing'', `̀ flexible specialization'' or `̀ mass
customization'' (Piore and Sabel, 1984; Phillimore, 1989; Boynton and Victor,
1995). IT's inherent versatility is commonly seen as a powerful and necessary
basis for the overcoming of the traditional key trade-off between flexibility/
innovativeness on the one hand and efficiency on the other (Boynton et al.,
1993); it is also viewed as the main driving force for possible dramatic changes
in work content, economic structures and education systems, resulting in new
models of knowledge-based firms and organizations (Cooper, 1997).

Despite the growing interest of researchers in both theoretical and empirical
terms, several questions, related to the specific ways technological
changes influence organizations, remain unanswered. Barley's statement in
1986 is still true today: `̀ . . . our evidence for technology's influence on
organizational structure is, at best, confusing and contradictory . . .'' (Barley,
1986, p. 78). The debate often revolves around the juxtaposition of opposed
theses, based on antithetical analytical frameworks. Unfortunately, empirical
findings are usually very mixed and inconclusive (Attewell and Rule, 1984), so
that in the debate several general unsolved dilemmas clearly emerge. I will
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concentrate on two basic dilemmas, both located at the very heart of the Post-
Fordist debate.

First, the `̀ coordination dilemma'' concerns the way technology is related to
coordination and control arrangements: Do new technologies tend to favor
work systems characterized by top-down control arrangements, or do they
enhance the relevance of workers' autonomy and the effectiveness of self-
managed work settings? And how do such changes take place?

Second, the `̀ learning dilemma'' is identified: Do new technologies enhance or
inhibit organizational learning processes? Do new technologies increase skills
and competencies of workers, or instead do they inhibit their growth and
weaken their value? And how do they influence the relationship between
organizational and individual learning processes?

In this paper, some reflections about how these issues can be faced in
theoretical terms are offered. Using dichotomous conceptual frameworks is not
a fruitful approach. More specifically, a rethinking of the concept of technology
for organizational research purposes is needed. The coordination dilemma and
the learning dilemma should be jointly considered in theoretical terms, instead
of being separated and isolated from each other. Such an approach may explain
why empirical evidence is mixed and contradictory.

Methodology
The final part of the paper contains brief but concrete examples of how the
proposed theoretical concepts can be used for empirical investigation. The
examples are taken from research concerning design activities supported by
advanced CAD (computer-aided design) systems. This research, that lasted
about two years, involved a comparative study of firms in the packaging
machinery industry in the region of Emilia-Romagna, in the northern part of
Italy. This area, known as the `̀ packaging valley'', hosts a huge number of firms
designing and producing packaging machines for a wide array of industrial
products, from pharmaceuticals to chemicals, food products, cigarettes and
many others. While the average size of the firms is quite small, their strategic
competitiveness is traditionally very solid, and some of them are world leaders
in their own market niche; moreover, design represents a core competence for
most of the firms. The goal of this study was to investigate how technological
choices (the adoption of CAD systems) and organizational choices are related to
each other in a complex activity like industrial design, and how this influences
the structuration of decision processes in design units.

More specifically, we were interested in changes concerning the degree of
autonomy of designers and draftsmen, or, in other words, their ability to self-
regulate their own decision processes. We used qualitative research techniques,
in particular several in-depth unstructured and semi-structured interviews
with each relevant actor: production and design managers, designers,
draftsmen. In a period of about two years we obtained extensive information
about seven firms, including small as well as larger ones. The small firms
usually cooperate with larger ones by designing and producing only specific
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parts for the machines; in these firms, the design unit comprises a small team of
designers and draftsmen, usually not more than five or six people. Larger firms
typically design and produce and/or assemble whole complex machines and
several design units can be present (for example, an electronic design unit and a
mechanical design unit), each comprising a larger number of designers or even
several teams of designers.

Here only synthetic information about three cases taken from this research
will be provided. Indeed, the goal is not to offer nor to discuss specific
hypotheses about the cases, but to provide concrete examples of the theoretical
argument.

New technologies and organizational dilemmas
IT provides technology-based means of coordination and control. The
relevance of IT for organizational research stems from the simple fact that IT
allows the management of bytes of information, instead of physical objects.
Thus, IT can be used to coordinate and control work and decision processes
(both vertically and horizontally), in ways that are more flexible, versatile and
efficient than those that any other `̀ traditional'' coordination means can
provide. In other words, the potential influence of IT on firms lies at the very
heart of the organizational discourse. If we focus on vertical control
relationships, two main arguments can be found in the literature.

Some authors contend that IT, allowing faster, more efficient and accurate
communication flows between the organization's center and periphery (both
top-down and bottom-up), can lead to more centralized organizations (Leavitt
and Whisler, 1958; Heydebrands, 1986). Relevant decision making can be
concentrated at the level of top management because IT provides the means to
retain power and consolidate existing power positions without loss of
effectiveness. According to this view, power in organizational structures
replicates itself by leverage on technological efficiency of communication and
data elaboration (Bralove, 1983). Peripheral roles (both managerial and
operational) are either replaced by technology or dedicated to routine tasks and
standardized data-entry-like activities (Westin and Baker, 1972; Huse, 1967;
Argyris, 1971; Zuboff, 1988).

On the other hand, other authors argue that since IT capabilities lead to a
greater availability and diffusion of information throughout the firm, we
should observe the diffusion of more decentralized organizational forms
(Heydebrands, 1986; Keen, 1990; Burris, 1993). This `̀ information transparency''
of and within organizational processes allows the enhancement of the relevance
of decentralized decision making. When firms must deal with complex
environments, with advances in IT they can face complexity directly and
immediately at the point where it `̀ enters'' their organization, through decisions
taken by peripheral units (Zuboff, 1988). Autonomy of peripheral units
guarantees flexibility, innovativeness and quick responses to environmental
stimuli and needs. At the same time, efficiency should not be lost or could even
increase, since the technological basis of IT is inherently flexible and consistent
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with such decentralized structural arrangements. Control should not be lost
either since the flow of communication, powered by IT, can be used by the
central hierarchy to closely monitor and strategically redirect peripheral
actions. Middle managers are not necessarily penalized, but they should change
their role by working as `̀ integrators'' and `̀ educators'' of the front line units,
helping to develop and diffuse intellectual and decision making skills, and
manage the social system in order to create conditions of collegiality and
continuous learning (Zuboff, 1988).

What is quite clear in the debate is that IT has a potential to deeply change
the nature of many work processes. More interestingly, this is true not only for
manual processes, but also for intellectual, creative and decision-making
processes. Thus, one should expect significant changes in learning processes at
both the individual and organizational level.

A number of researchers have focused on this important issue. In the debate
about CAD systems and design activity, for example, some authors argued that
the use of CADs would lead to a general process of workers deskilling and to a
loss of organizational learning and innovativeness of firms, by codifying
knowledge, neglecting the need for individual skills, inhibiting change
processes and `̀ Taylorizing'' even complex and intellectual processes (Jones,
1982; Shaiken, 1985; Senker and Beesley, 1986; Rolfe, 1986; 1990; Penn, 1990;
Clark, 1991; Cooley,1972; Baldry and Connolly, 1986; Manske, 1988; Rader et al.,
1988; Dankbaar and Den Hertog, 1990). Others claim that IT tends to upgrade
people skills and organizational learning, by absorbing routine activities and
freeing time and resources for intellectual and creative aspects of work
processes (Mankin et al., 1982; Dawson and McLoughlin, 1986; Dawson, 1988;
Mueller et al., 1986; Sarfati and Cove, 1986; Bailyn, 1988; Cainarca and Sgobbi,
1994; Lowstedt, 1988; McLaughlin, 1988; 1989).

After several years of debate, it is becoming more and more clear that
dichotomous and deterministic approaches do not provide any adequate
answers. However, it is still not clear what direction new theoretical
explorations should take in order to account for highly mixed empirical
evidences (Roberts and Grabowski, 1996).

The juxtaposition between dichotomous structural changes, like
centralization vs. decentralization and upskilling vs deskilling, is somehow
misleading and too simplistic in itself. Instead, the core of the problem is to
explain why the same technology can lead to different tendencies in different
organizations, as well as why both types of changes can occur at the same time
in the same organization.

Consider the centralization versus decentralization issue. Contingency
analysis proposes to solve such a dilemma by associating different structural
models to different environmental and/or technological conditions. Thus,
centralized and rigid structures are better suited when coordination efficiency
is the crucial requirement, while decentralized, flexible structures represent a
better solution when the competitive focus is on innovation.
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Despite its historical relevance and its actual usefulness to explain certain
cases, this framework is too simple to explain a number of complex
organizational situations that are becoming more and more frequent, when
both flexibility and efficiency are required to be competitive. The whole Post-
Fordist debate focuses on this apparent paradox, which in turn is based on a
simple dichotomous analytical framework of organizational structures. A
closer look at the older organizational literature can be useful: March and
Simon (1958), indeed, clearly state that centralization and decentralization
processes can take place at the same time, if they are analytically considered in
terms of different kinds and/or different levels of decision processes.

Similarly, the old but still important upskilling-deskilling debate (at the
micro-organizational level) suffered from a widespread `̀ static''
conceptualization of skill (Rolfe, 1986). The concept of skill should be
considered dynamically. Technology not only can influence the `̀ amount'' of
required skills, but can also transform and change their nature. That is the
main reason why upskilling and deskilling processes are not to be viewed as
opposed and antithetical phenomena, but instead as different processes that
can take place at the same time, even within the same organization. For
example, it is likely that CAD designers have been somewhat `̀ deskilled'', if
they are compared to their non-CAD predecessors, in terms of creativity and
manual `̀ artisanal'' drafting skills, but at the same time they could have been
`̀ upskilled'' in terms of analytical ability and range of theoretical knowledge.
Thus, the crucial question is not whether the upskilling or the deskilling
processes `̀ prevail'', but: whether and how the organizational and individual
learning processes lead to the desired outcomes of organizational effectiveness
and quality of work life; and how organizational and technological choices
influence these processes and what conditions can affect them.

Answering these questions is, of course, a formidable task, far beyond the
scope of this paper. We try to contribute by stating that organizational research
in this field should be based, among other things, on a sharper clarification of
two relevant concepts. First, on the way technology is conceptualized by
organizational theory. Second, on the relationship between technology and the
organizational processes under observation, in particular the structuration of
work arrangements, decision making and learning processes.

Technology as opportunity of change
In organization studies of IT, the conceptualization of technology is still a
relevant issue. Different epistemological frameworks call for different ways of
defining and considering technology in the organizational discourse. While
every approach offers interesting insights, traditional approaches show well
known shortcomings, leading to a dichotomized debate. Thus, it is not
surprising that many scholars are still proposing new organizational
definitions of technology, in order to overcome those shortcomings.

Briefly, two main opposite streams of traditional research can be found. On
one side, many research works are based on a deterministic view of the
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relationship between technological and structural aspects of organizations.
According to this view, technology acts as an independent variable since it
`̀ impacts'' on organizational processes by univocally determining the way firms
can and must be effectively structured. Often referred to as the `̀ technological
imperative model'', this body of research (Perrow, 1967; Pugh et al., 1969;
Shepard, 1971; Pfeffer and Leblebici, 1977; Carter, 1984) tends to underplay the
relevance of human action in organizations.

Opposed to the technological imperative approach, other streams of research
focus on social processes of organizations (Fulk, 1993), where technology is
considered as either depending on social variables like power structures and
institutional properties, or socially constructed by individuals' shared
preferences and values. Thus, the technical domain becomes the `̀ dependent''
variable; the implicit risk of this approach is to underplay or even ignore the
relevance of technology, leading to a sort of `̀ social imperative'' view of
organizational phenomena.

The shortcomings of these approaches are well known and extensively
discussed in the literature, and have motivated several researchers to try to
provide a more comprehensive theoretical framework. However, most of the
newer frameworks are still based, just like the older ones, on a clear theoretical
`̀ separation'' between the `̀ social'' (or the `̀ organizational'') domain on one side,
and the `̀ technological'' domain on the other. Thus, old unidirectional
relationships between the two domains are replaced with more articulated bi-
directional frameworks, where it is assumed that technology and structural
elements can influence each other through different mechanisms like
`̀ appropriation'' (De Sanctis and Poole, 1994), `̀ script variation'' and `̀ script
replication'' (Barley, 1986, 1990; Barley and Tolbert, 1997), and `̀ interpretive
flexibility'' (Orlikowski, 1992).

However, some of the traditional shortcomings still remain in place if the
separation between the organizational and the technological domain is not
abandoned. The crucial problem is reification: if we keep seeing technology as
`̀ something'' separated from the organization, we still remain within a
deterministic or co-deterministic frame. Even constructivist approaches tend to
separate technology from the organizational discourse by focusing only on
social aspects, and seeing technology as a plastic and often unintended
outcome of social processes.

In this paper a concept of the relationship between technology and
organization is proposed in order to avoid reification and to grasp what is
directly and inherently relevant for the organizational discourse. We propose to
define technology as `̀ opportunity of change'' in order to convey a few basic
ideas.

As an obvious starting point, a non-deterministic stance should be adopted:
technology should not be considered as the determining factor for
organizational change. But this does not mean that we should consider the
relationships between technology and organizational change in terms of a
relationship between separated elements. Instead, technology has to be
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considered as one of the elements that create the conditions in which
organizational changes take place, and, at the same time, as the outcome of
organizational processes: The term `̀ opportunity'' means that there is a `̀ space''
of organizational possibilities enacted by technology. In other words, a
technological change can create, delete or transform the possibilities (the
opportunities) of change for a certain organization. Thus, this view is similar to
the one proposed by Roberts and Grabowski (1996) and Orlikowski (1992)
when they state that technology has a `̀ dual'' nature, both as a product and a
process. However, this does not only imply, as Roberts and Grabowski state,
that sociotechnical frameworks should be `̀ changed'' in order to accommodate
longitudinal and temporal views of technology. It can be argued, instead, that
recognizing the dual nature of technology in theoretical terms has deeper
consequences, since the ontological approach itself of sociotechnical
frameworks (formerly called `̀ co-determinism'') should be abandoned. Also, it is
hard to understand how the duality of technology can be actually conceived if
its definition is restricted to the material artefacts (Orlikowski, 1992).

Barley (1986, 1990) made a similar point when he defined technology as
`̀ occasion for structuring'', meaning that technology should be seen as a
material trigger occasioning social and organizational transformations that
vary depending on the specific historical processes in which they are
embedded. Indeed, he states that the same technology can lead to different
structural outcomes in different settings. However, the central problem is to
explain why this can happen. In Barley's research, technology is still implicitly
considered as an exogenous factor, an external `̀ shock'' that leads to behavioral
changes and, as a consequence, to organizational changes. Orlikowski (1992)
criticized Barley's view by stating that it does not allow for physical
modification of technology during use, which is actually a serious theoretical
limitation especially when we consider IT's flexibility. While Orlikowski's
criticism is valid, this is only part of the problem.

The proposal of this paper is not to consider a framework made of mutual
relationships between technology and organizational structure, as proposed by
Orlikowski, but to consider technology as an inherent and endogenous aspect
of organizational choices. The role of technology as an actual `̀ choice'' by
organizational decision-makers has been neglected by all authors that try to
avoid technological determinism. However, to consider technology as the
outcome of choices doesn't imply necessarily a deterministic view. First, the
concept of choice implies a model of bounded rationality (Simon, 1947). This
means that choices are far from being completely rational, and that
consequences of choices can be to some extent unintended and unpredictable.
Second, the focus on choices leads to an explicit consideration of the historical
and contextual specificity of the processes involved, while still allowing for
some (but not all) aspects of the organizational rationality and knowledge to be
somewhat (but not completely) generalized or transferred to other contexts.
Thus, technology should be considered as a particular kind of organizational
choice, driven by intentional but bounded rationality, inherently implied in the
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organizational discourse, just like micro- and macro-structural choices.
Structural and technological choices interact with each other not because they
come from different and separated ontological domains, but because they are
different aspects of the same process, the process of deciding how to organize
complex collective human activities. Of course, choices are usually far from
being perfectly rational because of bounded rationality, information biases and
limitations, unexpected or unpredictable events, cognitive biases, different
perceptions of reality, different values, different goals, power conflicts, and so
on. All these aspects are crucial, and should not be underestimated. However,
even when physical elements of technology in organizations are observed, we
should consider them as the outcome of complex processes of choices and
decisions, both explicit and implicit, both conscious and unconscious, taken at
different levels by different actors. And, at the same time, we should
investigate how such technological elements can influence the conditions and
the possibilities of future decisions and actions of organizational actors, both
individuals and collective subjects. In this sense, it is possible to grasp the dual
nature of technology.

Another relevant aspect to be considered is that there are different decision
levels and different actors involved in technological and structural choices.
Here, a distinction between three main levels of choice is proposed. First,
technology must be `̀ designed''. Engineers design tools according to their
models of men at work. Sometimes firms design their own technologies, instead
of buying them from external providers, according to their own model about
how tools should relate to structure and work processes. Such models can vary
significantly from engineer to engineer, and from firm to firm. Design choices
shape the physical features of technology and, indirectly, the way technology is
related to the structures of work processes.

Second, technology must be `̀ adopted'' or `̀ implemented''. Managers must
decide what technology is to be used and how it is to be integrated with work
processes. In design offices, for example, it makes a huge difference whether a
simple two-dimensional CAD system or an advanced three-dimensional
integrated CAD system is chosen. Also, the same kind of CAD system can be
integrated with the work process in different ways. Some features of
technology can be considered as crucial in a certain firm while they can be
completely ignored in other firms, depending on the implicit or explicit choices
by management. Thus, adoption and integration processes can deeply
influence the actual role of technology in organizations.

Third, technology must be `̀ used''. Actual end-users can have a great
influence on how technology relates to work organization, and this is especially
true with information technology. Utilization choices are influenced by design
and adoption choices, but to some extent they are independent from them. In
the same firm, different users of the same technology can `̀ appropriate'' it in
different ways, leading to different structural outcomes, as illustrated by
Barley (1986; 1990) and De Sanctis and Poole (1994).
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In sum, technology should not be seen as separated from the structuration
process, but as an integral part of this process, distinguishable only in
analytical terms from other organizational decisions; technological choices are
to some extent implicit and unconscious, because they are driven by bounded
rationality and are `̀ made'' at different decision levels. Thus, organization
theory needs to avoid both technological and social determinism, but also `̀ co-
determinism'' in the form of any theoretical model in which an exogenous view
of technology is implied.

Coordination and learning as related processes
So far, this paper has proposed a criticism of dichotomized approaches about
the study of decision making and learning in organizations, related to
technological advances, and a concept of technology as `̀ opportunity of
change'', as the outcome and the condition of decisions (either explicit or
implicit) taken by boundedly rational managers and users at multiple levels.

Now, the relationship between the coordination and the learning processes
will be considered. De Terssac (1992) proposed an interesting argument about
such relationships, showing (through empirical evidence) how some key
elements of work structuration, like the degree of workers' autonomy and the
organizational learning processes, should be seen in a dynamic view as
different but related aspects of the same structuration decision process. On one
side, management provides autonomy to operators because of their contextual
competencies and skills, or, in other words, because of their ability to cope with
operational complexity. Competencies become the `̀ exchange value'' for
workers in order to obtain autonomy from the management level. On the other
side, autonomy itself is viewed as the necessary and crucial basis for the
growth of competencies and for effective individual and organizational
learning. Without autonomy, new knowledge and new `̀ savoir faire'' cannot be
generated. Thus, organizational learning does not only result from facing new
problems and new situations, but also from specific structural (organizational)
choices concerning the nature and distribution of decision making. Autonomy
enacts learning, learning generates new competencies, and new competencies
allow for more autonomy to be granted by managers through formal and
informal organizational arrangements.

Thus, two basic ideas can be grasped from such conceptualization. First, in
theoretical terms, learning is not to be seen as separated from the
organizational process, since it is inherently embedded in it (Maggi, 1996).
Second, coordination arrangements about decision making can significantly
affect the strength and the direction of the learning process, which, in turn, can
influence the distribution of autonomy in the organization, especially in firms
facing highly dynamic and complex environments (De Terssac, 1992).

Technology, and information technology in particular, has the potential to
enhance the relevance of such a `̀ circular'' self-reinforcing relationship. When
IT is designed and used to absorb routine aspects of work processes, the
relationship between autonomy and learning becomes a very central issue.
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However, the `̀ learning value'' of IT will not result as a direct outcome of the
technological change in itself, but from the way work changes and structural
changes are related to each other. If the self-reinforcing relationship between
autonomy and learning is not enacted and triggered by specific coordination
arrangements, then the transformation induced by a technological change will
result in a mere shift of the `̀ routinization level'' of work. While lower level
routine tasks will be absorbed by the technology, higher level tasks will
become routinized (through management prescriptions and norms), with no
significant improvement in the learning process. On the contrary, if this
enactment occurs, the resulting outcome can be a shift of the `̀ learning level'' in
the work process. Lower level routine tasks are still absorbed by the
technology, but the remaining higher level tasks are left to workers' autonomy
and thus a higher level of learning can be generated.

Thus, according to our view, technological choices can be seen as an
opportunity to change the mutual relationship between the degree of autonomy
and the organizational learning process. The actual final outcomes, however,
will depend on how technology is interpreted by key actors' choices (engineers,
managers, users), and how new work arrangements are related to technological
change.

Case 1: CAD as `̀ standardizer'' and `̀ integrator''
The first case which may illustrate the preceding argument concerns a large
firm in the Italian packaging industry. I will focus on two different groups of
actors in this case: senior designers, working with traditional tools (non-
information technology tools like pencil, paper and other simple drafting tools),
and draftsmen, who actually use CAD systems.

Before the adoption of CAD, the fragmentation of tasks (both between
groups and within groups) was rather high and structured according to the
engineering disciplines and the experience of workers. Indeed, there was a high
degree of isolation between designers and draftsmen: the work of draftsmen
was quite repetitive and the range of their activities was very narrow, since
their main task was to `̀ formalize'' on paper the creative design input coming
from the senior designers. Draftsmen required a limited degree of
understanding of design problems, since they actually needed only manual
drawing skills. The actual distinction between the two groups, both physical
(two separate offices) and terminological (`̀ designers'' and `̀ draftsmen'', instead
of `̀ senior designers'' and `̀ junior designers'' in other similar firms) emphasizes
their status difference.

For draftsmen, the introduction of CAD dramatically changed many aspects
of their work process. They soon realized that the use of CAD requires a much
deeper understanding of design problems, even for simple drawing tasks. Their
knowledge requirement changed not only because of the new technical aspects
implied by the use of software instead of traditional tools, but also, and more
importantly, in terms of knowledge concerning actual design problems and
logic. They could not just simply try to `̀ draw lines'', since the use of CAD
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systems requires a new and crucial need to understand the basic logic implied
in the design input coming from senior designers. Also, the relevance of
draftsmen as a `̀ linkage'' between design and manufacturing has greatly
increased. Thus, the range of their activity widened significantly.

Another relevant change concerned the control procedures regarding
draftsmen's work. Before the use of CAD, controls were mainly ex-post, only on
their work outcomes (and it was a very long and expensive verification
process), while CAD allows the technical definition in advance of several
procedures and drawing standards.

This case is useful to clarify several aspects of the arguments offered earlier.
First, it is possible to observe two different and apparently opposed tendencies
concerning decision making. At one level, the adoption of CAD allowed
management to standardize routine drafting activities by imposing procedures
codified through the software itself. This can be seen as a centralization
process, since most discretion about the `̀ old'' drafting activity is taken away
from draftsmen and controlled in advance by management through technology,
thanks to codified procedures. At another level, however, the use of CAD
changed the role of draftsmen by enhancing their significance as a `̀ connection''
between design and manufacturing. Since the output of their work has to be
directly used by manufacturing, the firm needs them to get much more
involved in the `̀ translation'' task of creative design outputs into formal
manufacturing inputs. Before CAD, this task was performed mostly by the
senior designers themselves; with CAD, draftsmen become responsible for all
the issues related to the codification and communication of information to
production areas, since CAD systems are not used by designers, who
concentrate only on `̀ creative'' aspects of design. Thus, relevant decision
making about translation and communication are left in draftsmen's hands,
who have become the `̀ CAD specialists'' of the firm.

Changes in such structural arrangements of decision making have affected,
and have been affected by, changes in required skills and competencies of
draftsmen. On one side, with the use of CAD, manual drafting skills are not
required anymore. The management's choice to adopt the CAD as a `̀ drafting
standardizer'' (for control efficiency purposes) put a serious constraint on the
sedimentation of experience and generation of knowledge about drafting skills.
But, at the same time, new and probably more important knowledge is required
about the basic logic of design problem solving. Draftsmen need to
`̀ understand'' better what they are doing because the use of CAD requires it,
and because they are responsible for communications between design and
manufacturing. Of course, they use their improved autonomy to improve their
skills; they can interact with designers much more frequently than before, in
order to acquire the knowledge they need. Thus, an interesting learning process
has been enacted, which is based on the mutual reinforcing relationship
between autonomy and competencies. Here is how different draftsmen talk
about such transformations:



Information
technology and

dilemmas

371

. . . with CAD, the three-dimensional design leads you to have an enlarged vision about what
happens around you, since I know my work is going to be used by other people . . . nowadays
the draftsman is not only a plain draftsman anymore, there's more integration. Of course I
don't have the whole situation under control, but we are becoming more important, since my
work is more linked with designers and manufacturing people, and CAD has been
fundamental for that . . . now, I am responsible for creating information. . .

. . . with CAD you're pushed to be interested in new problems, you need to talk to the ones
around you . . . You can see more and more people talk to each other, share experiences,
designers with other designers from other disciplines, and with draftsmen too . . . time
after time you can understand other people's problems, and we can do a more homogeneous,
a more integrated job . . . but CAD has to be used as a bridge between people, not as a
barrier . . .

. . . CAD needs clear and precise information . . . this has enhanced our relationships with
designers . . . Designers do the macro analysis of problems, we do the micro analysis .. this
happened somehow even before CAD, but now a narrow relationship is needed . . . because
now we need to understand the macro problems and the general logic of design . . . we need to
make a continuous learning effort, and CAD has accelerated such process . . .

Even more interestingly, it is worth noting that this learning process takes
place while at the same time, at another decision level, a clear deskilling and
autonomy reduction process is going on. The `̀ manual'' skills are not required
anymore, and the standardization of mere drafting activities through
technology is absorbing a great deal of discretion of draftsmen. These
phenomena, that would appear contradictory and hard to explain in
deterministic and one-dimensional theoretical frameworks, can be better
interpreted by means of a concept of technology as the condition and the
outcome of managers' and users' interpretations and decisions, and within a
framework considering the mutual relationship between structural and
learning processes occurring simultaneously at different decision levels.

Cases 2 and 3: CAD as substitution or integration of knowledge
The second example concerns the `̀ Design and Drawing Office'' of a small firm
in the packaging industry, a small branch of a multinational firm. In this office,
five designers are employed, both seniors and juniors, plus a coordinator
(design manager) who is the senior designer with the longest work experience.
The task of the office is to design mechanical parts of automatic industrial
packaging machines; the range of machine types is quite narrow. Most of the
time, the design problem to be solved is related to minor changes to designs
already developed, in order to customize the design according to the specific
needs of individual customers. Thus, the task's variability and heterogeneity is
rather low. A few years ago, a CAD system was introduced, and the focus was
put mainly on CAD's databasing and archiving features, typical of advanced
CAD systems.

Before the adoption of CAD, the design activity of the office was best
described as an `̀ adding'' process. There were a number of basic paper design
frameworks for every type of machine, each containing only the very essential
details of the essential parts of the machine. Then, the design activity was
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carried on by `̀ adding'' the lacking elements to the basic framework, in order to
come up with a complete design customized to the specific needs of the
customer. This kind of process implied a continuous work of re-drawing and re-
designing of a significant number of design parts for similar machines,
according to slightly different models and needs. This `̀ adding'' process was
clearly rather inefficient, but it was not possible to do otherwise since the paper
format of archived frameworks did not allow the re-use of basic frameworks.

On the other hand, this continuous re-designing activity was often
rewarding for workers, since it implied less repetitivity of tasks and greater
incidence of the creative aspects of work, as the innovative and problem-
solving skills of designers were always stimulated to find new and better
solutions.

The design manager decided to adopt a CAD system in order to improve
efficiency by dramatically changing the work process, since now it can be
described as a `̀ subtracting'' process. The basic framework for every kind of
machine is now designed with the CAD system, and each framework is filled
with every possible detail and even with every different design solution for
different classes of needs. CAD's databasing features allow the saving of very
detailed frameworks and the easy accessing of them as many times as needed.
So, the designers' task is to customize the design no longer by `̀ adding'' creative
contributions, but by `̀ selecting'' between a number of already available
options, just with a click of the mouse, and deleting from the general
framework all those parts and details that are not necessary to meet the specific
customer needs. The whole process is much faster, but it is also much more
standardized and repetitive, and creative moments are much less frequent.

In this case, management decided to adopt CAD in order to achieve a greater
standardization of the actual design process. Designers have been deprived of a
good deal of their autonomy in how to solve design problems. The whole logic
of design work has been upset, using CAD as a resource in terms of easy and
cheap access to ready-to-use design solutions. The control of the process has
significantly shifted from the designers to management. While the choice for
CAD resulted in a significant efficiency improvement, the implicit risk lies in
the learning aspect implied. Designers are no longer creators of new solutions,
but have become mere `̀ selectors'' between available options codified and stored
by the software. Also in view of the fact that their autonomy has significantly
decreased, creative design skills may be lost in the long term and the learning
potential of the firm as a whole may decrease. Of course, this would negatively
affect the firm's competitiveness only if the market requirements shift from
efficiency and quickness to innovativeness, which could or could not be the
case. Thus, in the short-medium term, the management's choice seems to be
rational and aligned with the firm's strategic needs. However, through their
CAD adoption strategy and control arrangements, management has put a
serious constraint on organizational learning and long term flexibility.

The third case is a similar firm in the same competitive environment, which
made very different organizational choices. While CAD was interpreted and
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used by managers to standardize and control the design process in exactly the
same way as in the former case (from an `̀ adding'' process to a `̀ subtracting''
process), nonetheless they made a crucial choice which was radically different
from what occurred in the second case. Indeed, management decided to leave
designers a high degree of autonomy concerning the decision, for every design
task, about whether to simply select a design option from the CAD library, or to
create a new one. In other words, designers can choose whether to design
according to a creative `̀ adding'' logic or to a more efficient `̀ subtracting'' logic,
depending on the specific design features. While managers usually encourage
the faster subtracting process, they do not impose it on designers. And while
there are different and relevant time and quality constraints, designers are left
with a good deal of discretion, according to their personal competencies and
experience, in order to decide (or negotiate with managers) what kind of design
approach should be used for each design project. Thus, this firm is trying to
interpret the technological opportunity in a more eclectic way: either to gain
efficiency in certain instances (when CAD is used to accelerate routine tasks), or
to foster innovation and learning in other cases (when CAD is used to support
innovation), depending on the specific design problem.

Once again, it is possible to interpret this situation by referring to
technological opportunities as the outcome of actors' choices taken at different
decision levels. Thus, at different analytical levels we can observe different
phenomena: at a `̀ lower'' operational decision level, designers are somehow
`̀ deskilled'' and deprived of autonomy, since in certain design projects the
adding process is replaced by the subtracting process, but at a `̀ higher''
decision level designers still have a significant control of their work process
since they maintain the crucial power to negotiate with managers what design
logic should be used.

Conclusions
The relationship between information technology and organizational change is
far from being well understood. A huge amount of research has been conducted
so far, but most findings are mixed and contradictory if related to traditional
organizational variables. The specific features of IT should push researchers to
avoid classic dichotomous and deterministic approaches. While such
approaches are useful with certain kinds of technologies and in stable economic
environments, they fail to provide deep understanding of phenomena with
flexible information technology and highly complex environments. The usual
research dilemmas, about whether IT leads to more centralized or more
decentralized firms or whether learning processes are enhanced or inhibited,
suffer from questions being not well formulated. The inherent nature of IT
leads to changes that cannot be understood within a simple one-dimensional
framework. Instead, a variety of different effects can take place at the same
time, since IT has the potential to influence the structuration of decision
making and the organizational learning at different decision levels and for
different kinds of knowledge implied in work processes. Considering the
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mutual relationship between decision making and learning is crucial to
understand those changes. Moreover, it is necessary to avoid not only
technological and social determinism, but also technological `̀ exogeneity''. In
order to analyze technological influence on organizational arrangements, it is
indeed necessary to consider how key actors (engineers, managers, end users)
interpret the technological opportunities in terms of specific choices related to
specific goals. Focusing on key actors' interpretations of technology in terms of
choices does not imply an over-rationalized approach: since choices are driven
by bounded rationality, they can always be to a certain extent non-rational,
unconscious and non-explicit. To avoid technological determinism and
exogeneity does not mean necessarily to underplay the role of unintended
consequences of choices.

Research concerning CAD activity in several Italian industrial firms
illustrates the usefulness of this approach. We found that the influence of CAD
systems on decision-making arrangements and on organizational learning is
far from being easily understood as a univocal and general trend. Instead, a
better understanding of actual organizational phenomena related to
technological advances can greatly benefit from focusing on more complex but
also more realistic approaches.
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