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Abstract

Organizational implementation of IT systems requires distribution, sharing and pooling of
knowledge of how the system can be used in daily practice. This paper analyzes pro-
cesses of 'learning at work' as they emerge in groups of workers using IT for
management and monitoring of the long lines and trunk networks in a telecom-
munications company. It is shown how resources for learning are socially structured, and
how most of the learning takes place as an integrated aspect of the primary work. Thus,
learning at work is also learning through work. The concept of 'organizational learning'
is discussed relative to the study, and it is argued that the cognitive perspective .on
organizational learning tends to obliterate some of the important aspects of learning at
work.
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1 POINT OF DEPARTURE

How do organizations learn to use their IT systems as a means to carry out their primary
work ? It may seem odd to talk about organizations using IT systems, since it is always
individuals who use systems. However, there are aspects of adoption of IT that cannot
be ascribed to individuals alone. One condition for successful adoption is distributed and
shared knowledge regarding use among the networkers. Monopolized knowledge, resi-
ding in a computer department or in local gurus mainly, is likely to increase vulnerability
and reduce the sustainability of the learning process. A previous study (Bermann and
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Thoresen, 1992) showed how the same IT system used in two different hotels
contributed to markedly different effects due to the different emphasis on distributed
learning.

If we look at adoption and appropriation of IT systems as a variety of organizational
change, broad integration is one of the building blocks that facilitates change, as illustra-
ted by Kanter (1988):

'If innovations are isolated, in segmentalist fashion, and not allowed to touch other parts
of the organization's structure and culture, then it is likely that the innovation will never ta-
ke hold, fade into disuse, or produce a lower level of benefits than it potentially could
(p.299)'

'Learning at work' refers to these processes of distributing and sharing knowledge in the
organization as a part of daily practice. These are long-term processes, constituted by a
combination of planned and accidental circumstances. It is necessary to distinguish be-
tween 'learning’ and 'training'. Planned efforts like e.g. training programs or courses, are
elements in learning at work, but their impact is variable.

The questions underlying the present study are as follows:

o How does the distribution and sharing of knowledge” regarding use of IT systems
take place in organizations ?

o What are the resources used in the above processes ?

o What are the elements - technical and organizational - that facilitate and hinder
learning at work ?

To study the questions outlined above, two IT systems in the Norwegian company Tele-
nor have been selected. This paper reports on one of them - NetSys - a system for the
management of the long lines and trunk networks in Telenor. NetSys is used by workers
from different job categories, whose primary work is related to the management, moni-
toring and maintenance of the network.

Focus and time-span
The learning perspective underlying this paper differs in some respects from more familiar
perspectives, such as diffusion or decision. Scenarios from a decision perspective often
adopt a top-down approach, as seen in much of the management literature. As noted by
Wardell (1992):
This scenario, ..... , can be broadly characterized as a top-down approach. Overall, the
approach explicitly portrays shop-floor activity and the organization of the workplace as
being shaped almost entirely by the efforts of managers who respond to a problematic en-
vironment. (p.144)

In this paper, the focus is on the daily practice of the technical and clerical staff and
their supervisors.

* The author is aware of the problems inherent in using 'knowledge' in singular. It may give the impression of a
unified body of knowledge. See section on 'Expert users' for a more detailed explanation.
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Following Herbig and Kramer (1993), diffusion is the process of adoption by potential
users of a technology or innovation. Adoption may be conceived as a two-stage process
where the initiation consists of all of the information-gathering, conceptualizing, and
planning for the adoption of an innovation, leading up to the decision to adopt, and the
implementation, all of the events, actions and decisions involved in putting an innovation
to use (Van de Ven and Rogers, 1988). The implementation stage can further be said to
consist of all events and actions pertaining to modification in both an innovation and an
organization, initial utilization and continued use of the innovation when it becomes a
routine feature of the organization (Damanpour, 1991).

In the present study, decision to adopt is not a topic, the networkers must cope with
what they have. However, coping means both adapting to the existing technical and orga-
nizational frameworks, and at the same time, actively shaping the frameworks according
to the networkers' needs. The emphasis is therefore on the interplay between the top-
down and bottom-up processes of integrating NetSys in the organization. This is an
aspect of the implementation stage outlined above.

The time-span concerns the period from initial installation of the system in 1985 until
now with an emphasis on the period of 1993-1995, i.e. fairly late in the implementation
process.

Why these topics are interesting

From a practitioner's view, learning at work is necessary to obtain substantial results from
investments in IT. Marketing 'hype' implicitly or explicitly claims that results come with
the equipment; unfortunately this is contradicted by the experiences of many organiza-
tions (see e.g. Keen, Bronsema and Zuboff, 1982, Rowe, 1985, Franke, 1987, Zuboff,
1988, Duimering et al., 1993). Today it is common knowledge that learning and
organizational changes are needed in order to reap benefits.

The trend towards integrating systems across organizational boundaries, adds a new
dimension of heterogeneity. There is widespread recognition of the challenges inherent in
this trend, for instance regarding networking (Clement et al., 1994, Wagner, 1994).
Another example is the "work-flow thinking" of business process reengineering (see e.g.
Hammer, 1990, Jones, 1994, Iden 1995). How does the increased heterogeneity of user
groups influence the learning processes ? Will a wider spectrum of training programs be
required ? Furthermore, how can heterogeneous groups learn from each other ?

2 ORGANIZATIONAL LEARNING - SOME CONSIDERATIONS

From a theoretical perspective, issues of learning in organizations are often categorized
as 'organizational learning'. Organizational learning is one of the fashionable terms in
current literature, in particular management literature (see e.g. special editions of Organi-
zation Science, 1991, Organization Studies, 1993, and Organizational Dynamics, 1993).
It is also a slippery term in the sense that it takes on different, and sometimes unclear
meanings depending on the author, the discipline and the area of study.
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Dodgson (1993) remarks that 'conceptions of organizational learning are ubiquitous.'
He claims that one of the reasons for the popularity of the concept is its broad analytical
value. This may be seen in the diversity of use in different disciplines - economic history,
industrial economy, management, organization theory, psychology etc. He also views 'or-
ganizational learning' as an integrative concept. It can be used to unify various levels of
analysis: individual, group, corporate. However, Huber (1991) notes the lack of cumu-
lative work and lack of integration of work from different research groups, which
indicates that the broad analytical value may be more of a potential than a reality.

2.1 Grounding organizational learning

The literature on organizational learning is rich and varied (see e.g. Huber, 1991, Orr,
1992, Dodgson, 1993, Cook and Yanow, 1993, ). There are, however, complementary
strands in the literature that differ markedly in their view of what organizational learning
is. These strands see organizations as cognitive entities, and as communities-of-practice,
respectively!.

Organizations as cognitive entities

This perspective sees organizational learning as modelled after individual learning, in two

different ways:

e Individuals learn in organizational contexts. Change comes about because key indivi-
duals have the power and influence to change organizational behaviour (see e.g.
March and Olsen, 1979, Simon, 1991).

¢ Organizations are seen, metaphorically, as humans -- with perceptive organs, brains,
memories etc. (see e.g. Hedberg, 1981, and Weick, 1991).

Several aspects that were central to the present study were difficult to locate in the lite-
rature. While the study of networkers emphasized the centrality of work practice relative
to organizational learning, work practice was hardly visible in the literature. Likewise,
the everyday dynamics that characterizes organizations, is mostly invisible in the litera-
ture. The literature gives an impression of distance to the learners' daily work -- the
remote view (see e.g. Dorroh et al., 1994, Levitt and March, 1988). Some problems rela-
ted to the remote view are outlined below. It is suggested that 'learning at work' is a more
appropriate concept for the kind of organizational learning illustrated in this study.

The remote view
Sachs (1994) distinguishes between 'activity'- (or 'work'-) oriented thinking, and 'orga-
nization'-oriented thinking for the purpose of representing work for systems design.
From an organizational perspective, work is conceptualized as a set of clearly defined
tasks and operations, described in methods and procedures which fulfill a set of business
functions. This view of work differs from an activity-oriented approach which suggests that
the range of activities, communication practices, relationships and coordination it takes to

* The line of argument in this section is based on Cook and Yanow, 1993.
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accomplish business functions, is complex and continually mediated by workers and
managers alike. (Sachs, 1994, p. 36)

This is in accordance with a number of studies of work practice (Wynn, 1979, Strauss et
al, 1985, Suchman, 1983, 1987, Lave and Wenger, 1991, Gerson and Star, 1986, Orr,
1991, 1992) that show how efficient work is characterized by the workers' ability to
discover, define and solve problems when they arise, rather than by their skill in following
procedures. Task descriptions and procedures may at best function as resources for
action (Suchman, 1987). At worst they may be so remote from the practical problems
the procedures were intended to solve that they are dismissed by the potential users (Orr,
1991). Most of us know this from our own experience, for instance, when trying to
follow instructions for which actions to take when the copier breaks down. From the
remote view, contingencies, shortcuts and local adaptation become less visible. The
remote view (see e.g. Dorroh et al.,, 1994, Levitt and March, 1988) obliterates the
concrete actions taking place, making it difficult to understand how the reported results
came about.
Blomberg (1993) points out:
Learning about work from a distance tends to result in descriptions of the work that are

overly idealized and that fail to reveal unremarkable, yet consequential, aspects of the
work (p.11).

One such unremarkable, yet consequential aspect of the work, is the learning that takes
place -- learning interwoven with daily practice. Orr (1992) notes the peculiar fact that in
the literature on organizational learning, learning is seen as problematic, while ethno-
graphic studies all seem to find that people learn easily, continuously and virtually auto-
matically.

Although it would be an exaggeration to say that this holds for the networkers as well,
there are aspects of their learning processes that resonate with the above view (see also
section on Resources for learning).

Everyday dynamics

Organizations are fluid entities, in the sense that they are continually changing. They are
engaged in long-term change processes as well as short-term changes pervading daily life
at work. These everyday dynamics are also visible in the present study and are further
discussed in chapter 9 on embedded groups. However, this fluidity make the concept of
‘organization' problematic.

Orr (1992) discusses the elusiveness of 'organization' as an entity. Based on studies of
service technicians in a large corporation which manufactures photocopiers, he claims
that the term 'organization' does not capture the multiple realities of 'organization’ as ex-
perienced by its members. For one thing, membership is fluid. For the service technicians:

....even field service as an organization is not a coherent entity either. There is 'this dis-
trict' as opposed to ‘that district', and then there is 'this team' as opposed to other teams or
the district itself. Within teams there are workgroups, and within workgroups there are
'‘Customer Service Teams.! These are composed of two or three individual technicians.
Thus there is an array of organizations at play in the service organization, with substantial-
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ly or wholly overlapping memberships, and yet there is a clear choosing of which mem-
bership is appropriate at a given time. (Orr, 1992, p.3-4)

The basic question raised here concerns the problems inherent in delimiting the unit of
analysis when it is dynamic. It is often difficult to glean from the literature what kind of
entity is referred to as an 'organization'. A company ? A team ? A group of managers ?
A department ? Although there is a high degree of consensus that the fundamental
learning entity is an individual (Fiol and Lyles, 1985), the leap from the individual to the
organization, at whatever level, remains vague.

Organizations as communities-of-practice

The focus on organizations as communities-of-practice represents a cultural perspective,
rather than an organizational or managerial. Examples are found in e.g. Lave and Wen-
ger (1991), Brown and Duguid (1991), Orr (1992) and Cook and Yanow (1993).

A characteristic of organizations as communities-of-practice is their ability to carry
out collective activities. The ability to act is attributed to the group, not only the
individual or the sum of individuals. A symphony can only be played by the orchestra,
not by any individual musician, not even by the sum of individual musicians. Rehearsals
and performances are dependent on mutual interactions in real-time between the con-
ductor and the orchestra members, and among the orchestra members: listening, correc-
ting, enhancing, changing the elements of the musical performance as it unfolds. Thus it
makes sense to say that a group acts, and that the individual musicians can act on their
abilities only in the context of an orchestra. Focus shifts from individuals in orga-
nizational contexts, to groups of individuals in a web of commitments regarding a pro-
duction process.

In Lake City, the whole group of networkers are involved in order to keep the
network in optimal shape. The group's actions encompass both things the individual
alone can do, but also actions involving cooperation and interdependence. The various
subgroups depend on each other to carry out the orders, and each subgroup in turn can
only do this by cooperating among themselves and with other work groups.

Another characteristic of organizations as communities-of-practice is that the ability to
act is based on knowledge that resides in the organization as a whole. An individual
networker may know how to carry out her own activities, but she depends on other
networkers' knowledge. The person resonsible for signing off completed orders knows
about the technical details of sign-offs. However, that is insufficient in order to provide
the collective product. She depends on networkers all over the region to do their part
and sign-off locally, and she can't just sit and wait for it to happen. She actively checks
where there are missing sign-offs, she calls the relevant persons to find out why they are
late, and breathes down their neck if necessary. It is not her knowledge only, neither is
it the accumulated knowledge of a number of individuals -- it is collective knowledge
that comes into being through interactions regarding work.

The third characteristic points to a phenomenon which is almost absent in the
cognitive perspective: Organizational learning is preservative as well as innovative.
The preservative variety of learning concerns not losing professional identity, to
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continue to be able to do what they are good at. Cook and Yanow (1993) point out
how a group of flutemakers of high reputation strives to maintain their professional
identity as makers of 'the finest flutes in the world' while accommodating an innovation
in the form of a new scale. The same concern runs like a red thread through my ma-
terial: the obligation expressed by the networkers to provide high quality network ser-
vices despite the turbulence of organizational and technological changes. In some cases,
what is called 'resistance to change' in the literature, may in fact be preservation.

Organizational learning is seen as the acquiring of knowledge that enables the group
to carry out their collective activities. By taking into account the actual work that is
carried out, the relationship between knowledge and work becomes visible. Chapter 9
and 10 discusses some of the resources and strategies employed by the networkers for
this purpose.

3 THE CONCEPT OF LEARNING

The concept of learning underlying this paper emphasizes the relationship between
knowledge and action. I have gradually come to see learning as a potential change in
the repertoire of actions, based on knowledge. Some points in this specification need
clarifying.

First, the change may be potential, not necessarily manifest. The networkers may
know how to carry out specific tasks, e.g. from courses or manuals, but do not try it out
in their daily work, for instance due to division of work. This correspond to the concept
of 'role-constrained' learning (March and Olsen, 1976).

Second, learning is not limited to improvement -- change may imply an increase or a
reduction of the repertoire of actions. Work skills once learned may diminish if not
practiced regularly. A variety of help-seeking approaches may, for instance, be replaced
with one standardized approach. Hedberg (1981) used the concept of 'unlearning' to
denote a process through which learners discard knowledge.

Third, there is not necessarily a fixed sequence between knowledge and action.
Knowledge may precede action, but action may also precede knowledge. The
networkers may find their way through the system by trial-and-error approaches, and
use such approaches to develop a more coherent understanding of the system. It is the
'maybe-it-will-work-if-I-push-that-button' syndrome that most of us are familiar with.

Hanks (1991) expresses a similar view on learning:

The individual learner is not gaining a discrete body of abstract knowledge which (s)he will
then transport and reapply in later contexts. Instead, (s)he acquires the skill to perform by

actually engaging in the process, under the attenuated conditions of legitimate peripheral
participation (author's italics) (p.14).

Thus, a condition for learning at work is the access to close cooperation and com-
munication with coworkers regarding work. The paper focus on the processes through
which this occur.
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4 TELENOR AND ITS BUSINESS CONTEXT*

Telenor is the former 'Televerket', which until recently was the only national tele-operator
in Norway. For more than a century it has been one of Norway's largest public insti-
tutions, occupying a monopoly position in the telecommunications field until a deregu-
lation opened up the Norwegian market in the late 1980's. The European Union has
launched January 1, 1998 as the D-Day for free telecommunication markets in Europe,
and international alliances are continually being forged.

One of the target groups for new operators in Norway is that of large companies, which
are also a major source of income for Telenor. This makes Telenor vulnerable to com-
petition regarding the large customers. In most of the private customers market, and parts
of the company market, Telenor may keep its dominating position, due to its history and
its size. It is still by far the largest operator in the Norwegian market. Pressure is expected
from larger operators with higher productivity and lower costs, and from specialists of
customized value-added services.

Two of the Telenor's organizational changes -- changes originating as responses to the
environment, are essential to this study: from public monopoly to a (semi)-private com-
pany; and from a functional bureaucracy to a divisionalized structure. A cultural trans-
formation -- from a corporate culture based on administration of public services to
customer-orientation -- is part of the parcel. The transition from a public monopoly to a
company, although wholly owned by the state, took place formally January 1, 1995.
Preceding the formal event, a series of reorganizations have taken place, accompanied by
downsizing. The number of employees in the period 1965-1992 reached a peak of more
than 22.000 in 1987 before declining to slightly more than 18.000 in 1991. Top
management claims that further reduction is needed, in order to meet the competition.

In 1992-93 the divisionalization took place, including a geographical change where 27
tele-areas were allocated to 7 regions (Figurel). At the end of 1994 the divisions were
reorganized into separate units. During the later years, a number of subsidiary business
units have been established, owned directly or indirectly by Telenor.

At the time of the field work, the main divisions in the mother company were the
private market division, the company market division and the network division. Of a total
turnover of roughly 2 billion NOK in 1994, the private market division counted for 34 %,
the company market division for 26 % and the network division for 3 %. However, this
figure represents only the external turnover for the network division. In 1995, more than
90% of expected turnover for the network division will come from internal invoicing.

As seen from Figure 1, all regions encompass these divisions, giving a matrix-based
structure. TRP (Telenor Resource Pool) is intended to develop new business areas and
offer further education for surplus personnel. There are central and regional staff
functions for IT, research, education, material administration, property management etc.

* The section is based upon information from "Apen linje' -- the Telenor internal newspaper, in particular the
articles by S.Karlsen.
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Figure 1. Simplified organizational chart of Telenor showing the relevant organizational
units (shaded) and their location in the overall organizational framework. On the regional
level: transmission and operations control (which includes both network allocators and
operations control personnel), and on the central level: network administration, which
encompass the user-support group. NOTE: This reflects the organization at the time of
the field work.
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The study takes place in the network division during the turbulent times from 1993-
1995. It is important to understand the impact of the turbulence in shaping the interve-
ning conditions for the results reported here. Regarding the practical work, new routi-
tines, power distribution, reporting channels, etc. were re-established. Some positions
were filled with substitutes who sometimes did not know for how long they were to stay,
or only reluctantly took on the jobs. The atmosphere of upheaval and unpredictability felt
by the employees during this period, regarding for instance employment security, work
load, job changes and rights to participate in decision processes at all levels, was marked.
The change was felt all the more strongly due to Telenor's long history of stability, also
regarding industrial relations.

5 METHODOLOGY

The material for this study was collected during field work in Telenor during the fall of
1993 and January-March 1995. The empirical material includes interviews with and ob-
servations of 11 persons - four women and seven men- working with different types of
network management ('the networkers') in one of the regions. The networkers included
operation control personnel, network allocators and transmission technicians. Nine of
these work in the regional operation center in Lake City and two in a decentralized unit
of the operation center. There are other groups that use NetSys in Lake City, for
instance planners, but these are not included in the study so far. The empirical material
further includes four persons - two women and two men - from the centrally located
user-support group for NetSys, the IT system in question. Both the networkers and the
user-support group belongs to the network division.

The interview framework was inspired by socio-technical analysis. Experience from
previous projects (Pape and Thoresen, 1987, 1990) convinced us that socio-technical
analysis was well suited for analyzing formal and informal work-related interde-
pendencies, which are essential for learning purposes. The limitations of the method are
partly due to the lack of operationalization of the social analysis, in particular regarding
reproduction and development of knowledge. Therefore the interview framework
emphasized the informal social networks involved in defining and solving work-related
problems, including NetSys.

Other information sources are interviews and discussions with one of NetSys' chief
designers, participation in a one-week regular NetSys training course, participation in a
Users' Forum meeting and document studies.

Grounded theory (see e.g. Glaser and Strauss, 1967, Glaser, 1978) has been used for
data analysis. The emphasis is on developing concepts and integrating these concepts for
the purpose of theory building. The study does not support conclusions regarding the
relative importance of the phenomena observed, due to the small number of networkers
and the fact that the field site is limited to one region. Comparisons between several
regions are required in order to answer such questions.

The study intends to contribute to substantive theory. In grounded theory, substantive
theory is developed for a specific empirical area, in contrast to formal theory which is
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developed for a conceptual area. However, the material is still in the early stages of ana-
lysis, and grounded theory will be used for reframing topics for further field work and
data analysis.

6 NETSYS - A BRIEF OVERVIEW

NetSys is a system for administration and management of the long lines and trunk
networks in Norway. The first version in general use was introduced in 1985, and NetSys
is now used in all Telenor areas, with approximately 1200 active users. Despite resistance
from some groups, NetSys has displayed a remarkable stamina. It has been able to
incorporate new telecommunication technologies unheard of at the time of its conception.
The centralized database has grown steadily and now represents an unquestionable asset
to Telenor. Additional applications built on the same design rationale have contributed to
the organizational integration of NetSys.

The description below concentrates on some of the features that are most relevant for
use. A more detailed description is given in Thoresen (1995).

Configuration
The configuration contains three large mainframes with a centralized database. The users
have terminals, PC's and printers connected to the central mainframes. The terminals may
either be old, dedicated IBM terminals, or newer X-terminals, which run an emulated
3270 version presented on the X-terminal. Most terminals are located in the respective
offices of the different groups. This means that few transmission technicians have access
to terminals while they are in the field, the terminals are used when the technicians return
from field work.

At the time of the fieldwork, the PC's were mainly used for graphical presentations,
together with a graphical plotter, but Lake City had not started to use the graphical mo-
dule. At present, the 3270-terminals are replaced with PC's.

Modules

The main module in NetSys is the database, with information about the resources and
connections in the long lines and trunk network. The database is used by all networkers.
Before NetSys was implemented, Telenor had central and local archives which were
updated when new circuits and nodes were installed, disconnected, allocated or
expanded. With NetSys, the archives were converted into a centralized database covering
the country as a whole.

There are a number of additional modules, and one is important in this paper: OrdSys -
an electronic mail system used for distributing orders concerning work to be carried out
on the network by the transmission technicians. Before OrdSys, orders were printed out
locally in a variety of text-based formats. After OrdSys, the orders can only be issued
through the system, thus forcing the transmission technicians to use NetSys more. This
implied a major step towards integration of NetSys in the organization.
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Design rationale

The NetSys database is designed as a model of the physical network®. Conceptual data
modelling was used as inspiration for the designers. These foundations later turned out to
be inadequate. Today, the designers do not view the data definitions as models in a strict
sense, but as syntactical definitions.

The design idea behind the physical network model is that the model should be
common for various network technologies and independent of organization. Techno-
logical independence would facilitate the incorporation of new network technologies
without costly redesign and programming. Unlike systems based on work functions,
NetSys would be easily adaptable to various work tasks and contexts. Although the de-
signers realized that in reality this is not fully achievable, their ambition has nevertheless
been to develop something close to a context-free model of the physical network. Not
only are there no attempts to capture work procedures, they are deliberately deleted as
far as possible in the design process. Users are free to move around in the network model
according to their own needs, in a modeless dialogue.

Content and functionality

At the time of data collection, NetSys featured 87 different screens, a number of batch
system reports and graphic modules. The NetSys database contained close to 8000 no-
des, 23.000 distances between nodes and 300.000 circuits.

The contents and layout of screens 'mirrors' the network model. The relevant attributes
of a node, or a circuit, or a group etc. are displayed in a table-like format (for more
detailed illustrations, see Thoresen, 1995). Commands and screens are text-based, and
the system provides simultaneous dialogues in a Windows-like format. NetSys can be
used with a flexible and complicated set of access permissions defining graded 'read' and
'write' access, assigned to work groups or persons with different work responsibilities.

7 NETSYS AND THE USER GROUPS

The newly established regional operation center in Lake City is one of 7 regional opera-
tion centers. The center is responsible for the optimal functioning of the network in their
own region. They use several computer systems for this task, one of them is NetSys.

The operation control (OC) personnel monitor the network. In Lake City they are
6-8 persons, spending most of their work day in the operation control room (the OC
room). The heart of the room is the OC desk with several alarm systems up and running.
The OC personnel take turns at the desk, where alarms appear on the screen. Information
about malfunctions also come in by fax, by phone or by other personnel shouting across
the room. Operating the OC desk can be a stressful task, and the turn-taking was initiated
as a response to the stress. The OC room also holds personnel from other work groups,
among them fault recording personnel. Both private and company customers call to re-

* Information on design rationale is due to A.Meisingset . For papers discussing similar ideas, see
Meisingset (1993).
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port malfunctions of all kinds. With the new divisions, fault recording personnel belongs
to the private market or the company market division, not the network division.

When action is needed, the OC personnel forward alarm messages by phone or fax to
other persons in the areas of the region where the malfunction is supposed to be. Later
they follow up how things are going. They are responsible for warning the customers that
will be affected when parts of the network go down. Since Lake City is the regional
center, they must approve or reject requests from other Telenor areas in the region to
disconnect parts of the network. Such decisions may be part of a planned operation, like
digitalization, or part of emergency situations - to get the network up and running after
failures.

The OC personnel use NetSys with read access only: to look up routings when
customers complain, and to find out what parts of the network will be affected if circuits
are cut in a particular area. They print out lists of which customers must be warned, who
should be offered replacement phones etc. They use the system once or twice a day,
between 15-30 minutes in all. When there is no network trouble, they may not use it for
weeks.

The network allocators are the expert NetSys users. In Lake City, two persons have
this job. Their job is to provide optimal use of the resources of the transmission network
in their region: routing, technologies, reserves etc. The network allocators are located in
a separate room in the OC room, in close contact with the OC personnel.

Through OrdSys the network allocators get input from regional and central planning
departments regarding what installations are to be carried out in their region. However,
the orders they get from planning may be seen as rough 'skeletons'. They are not always
complete, and they may not always be correct. Since the network is continually under
development, it is difficult for planners to be updated as to the status of the physical
network. The planners may for instance indicate which exchange should be used, but
don't always know whether that exchange is prepared or not. A part of the network
allocators' job is to forward the orders, in revised versions, through OrdSys to the trans-
mission technicians. The revised orders describe how and where the physical work on
the network is to be carried out. They plan in detail what the planners have done in the
large.

The other part of the network allocators' job concerns the NetSys database. They are
responsible for updating the database and for data quality in their region. The network
allocators use NetSys more or less the whole day, 4-6 hours at a minimum. Since they are
expert users they are frequently interrupted, by local OC personnel who need their help,
or by other NetSys users from across the region.

The transmission technicians make up the third group that use NetSys. They are the
people who carry out the practical work on the long lines and trunk networks. A group
of 10 persons in Lake City install, test and repair transmission equipment.

They get their orders through OrdSys printed out in the morning, travel to places
where they carry out their work, return and do paper work and sign-offs on orders, and
prepare for the new orders. They have a technical assistant, a woman who more or less
runs the place when the technicians are out in the field. She is also the main NetSys user
for the technicians. As a group, the transmission technicians use NetSys with both read
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and write access, though they are only allowed to perform one 'write' function: entering
data for sign-offs. Most of them use NetSys at least 2-3 times a week, but for short
periods of 5-15 minutes only.

Some transmission technicians dislike NetSys and have invented ways of working
around the system. The sign-offs are delegated to the technical assistant, and the tech-
nicians may ask her for instance to look up a preview of the distance they will work on
the next day. Sometimes they call her when they are out in the field. Some make it a
policy to use NetSys as little as possible.

8 RELATIONSHIP BETWEEN WORK AND LEARNING

What are the elements that facilitate or hinder learning at work ? To answer the
question, it must be kept in mind that learning NetSys is an aspect of learning and doing
the primary work™. It is not a separate process, except on special occasions like e.g.
formal courses or demonstrations of new functions. Thus, learning at work is situated, in
the sense that it is:
tied in essential ways not to individual predispositions or conventional rules but to local
interactions contingent on the actor's particular circumstances. A consequence of action's
situated nature is that communication must incorporate both a sensitivity to local circum-

stances and resources for the remedy of troubles in understanding that inevitably arise
(Suchman, 1987, p.28)

At first, it was puzzling that NetSys was seldom a topic when the networkers were talk-
ing among themselves at lunch, in meetings or in the coffee room. It emerged as a topic,
however, embedded in their work tasks. The 'curriculum' is shaped by the demands of the
primary work. The fact that Telenor has an obligation to inform certain customers when
they are affected by network malfunctions is an opportunity for the networkers to learn
to use NetSys to retrieve lists of these customers. A request to cut an optic fibre cable
from a networker in a nearby valley may prompt the networkers in Lake City to learn to
retrieve the relevant NetSys data to assess the feasibility of the request.

The close relationship to primary work is also reflected in the degree of familiarity with
the system. For the Lake City networkers, use of NetSys is just one activity in a larger set
of activities aimed at keeping the region's network in optimal shape. For the central user-
support group, use of NetSys is a means by which to provide the networkers with
advanced knowledge of NetSys use, which occupies most of user-support's day. These
differences in primary work manifest themselves in the frequency of use of different
screens. While the networkers have a high usage score for 9 of 87 screens, the user-
support group scores high for 21 screens. Their primary work requires them to answer
all sorts of questions about all screens. Most of the networkers do not need to know
about that many screens, since their daily practice concentrates upon the use of some
screens only. On the other hand, the networkers know a lot more about the network in

* 'Primary work' are the tasks in which computer use is embedded (see Gasser, 1986). The networkers' primary
work is to keep the network in optimal shape and utilize its resources optimally.
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their region than the user-support personnel; who do not issue orders nor change the
regional databases.
The concept of legitimate peripheral participation (Lave and Wenger, 1991) illustrates

a similar view on learning as a situated activity:
Learning viewed as situated activity has as its central defining characteristic a process that
we call legitimate peripheral participation (authors italics). By this we mean to draw atten-
tion to the point that learners inevitably participate in communities of practitioners and that
the mastery of knowledge and skill requires newcomers to move toward full participation in
the sociocultural practices of a community (p.29).

Legitimate peripheral participation is thus a precondition for learning, a precondition that
emphasizes identity and membership of communities-of-practice.

The following sections will discuss some of the elements that contribute to participa-
tion in the networkers' communities-of-practice. Focus is on what might be called 'tex-
tural' aspects of the work organization. Textural aspects, as different from the structural
aspects, refer to the fine-grained, interlocking and dynamic relationships among the
networkers during daily practice*. These relationships cannot be seen from an organiza-
tional chart, texture emerges from studies of practice as it unfolds during daily work.
Analyzing texture is one approach for obtaining the close view discussed previously.

9 NETWORKS IN FLUX

Since NetSys is appropriated as an integrated part of primary work, it becomes vital to
understand those aspects of the primary work central to learning at work. Two phenome-
na emerge from the empirical data as particularly relevant, both related to the informal
organization necessary to coordinate and carry out the work. Below, concepts for those
two phenomena, links and embedded groups, are outlined. The intention is to provide
tools for understanding the character of the informal organizational networks, and how
parts of the social texture are shaped.

9.1 Links
A link refers to the relation between two persons carrying out different types of work.
Links are important because they form the basis for cooperation. They pave the way for
embedded groups, and facilitate the emergence of informal networks for many kinds of
problem-solving. It is also characteristic that links have a kind of after-life: they often
persist although the work-oriented relationship that brought them into being no longer
exists. Thus links are a part of the socially structured resources used by the networkers in
their daily practice.

Links may be due to direct relations, when the types of work are temporally next to
one another in a sequence of work activities. The transmission technician may for

* The texture metaphor is also found in weaving, where texture denotes the surface created by the multiple
combinations of warp and weft, and in geology, where texture denotes the geometric aspects of, and the mutual
relations among the component particles or crystals of a rock, as seen in the microscope.
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instance not install the equipment themselves, but instead put it into operation when
others have installed it. There may also be indirect links, where the types of work are
further apart in a time sequence. When someone orders equipment, a person retrieves
that equipment from the store, though not necessarily the person who initially received
the order.

Links may exist or not. When they exist, they may have different states. They may be
active, in the sense that some link is well established and can be trusted. They may be
dormant, e.g. a link which was previously active may become active again. Links may be
dead, for instance when someone quits. A link may have a location within or across
one's unit and take on different forms, like delegation or assistance. Links are seldom
bounded by formal authority structures and boundaries.

Active links are necessary prerequisites for learning. Links provide insight into larger
parts of network management, by contacts with people with different knowledge and
work tasks than one's own.

9.2 Embedded groups

The physical network is fluid in the sense that it is continually changing: malfunctions are
repaired, areas are digitalized, new equipment and circuits are installed etc. This fluidity
is to some extent reflected in the informal organizational networks, which continually
reshape themselves to suit the requirements of the physical network. The reshaping
occurs according to type of work to be performed, the urgency with which the work
must be performed, and the scope of the work.

This dynamic reshaping gives rise to embedded groups, established for the purpose, but
not visible in any chart nor visible from organizational positions far from the embedded
groups themselves. They are groups in the sense that they cohere for some work-related
purpose, although stability and membership may vary. They usually know each other and
communicate freely.

Embedded groups are in many ways similar to communities-of-practice (Lave and
Wenger, 1991, Brown and Duguid, 1991):

In using the term community, we do not imply some primordial culture-sharing entity. We
assume that members have different interests, make diverse contributions to activity and
hold varied viewpoints. In our view, participation at multiple levels is entailed in
membership in a community of practice (authors' italics). Nor does the term community
imply necessarily co-presence, a well-defined, identifiable group, or socially visible
boundaries. It does imply participation in an activity system about which participants share

understandings concerning what they are doing and what that means in their lives and in
their communities (Lave and Wenger, 1991, p.98).

Embedded groups are integrative forces, pulling together a wide variety of resources
across existing boundaries. The groups may be in the same or different locations, they
may exist for long or short periods, and they may be more or less visible.

However, the lack of visibility also creates dangers. Invisible work is often less valued.
The informality strengthens the flexibility of the embedded groups, but the flexibility may
be undermined by attempts to formalize with rules and procedures. The ability to react
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adequately and quickly to a variety of more or less predictable situations requires some
freedom of action.

Compared with most of the communities-of-practice described by Lave and Wenger
(ibid), the embedded groups in this study differ in some respects. They are more hetero-
geneous regarding the types of work they perform, they may be more short-lived, and
they include a larger variation of organizational positions and geographical locations.

The formal organization structure in Lake City features three groups - the transmission
technicians, the operation control personnel and the network allocators. Overlaid on this
formal structure, and stretching out into other parts of Telenor, are multiple overlapping
embedded groups, more or less stable, which emerge and disappear with different
activities, time and space.

One example is that of the ad hoc groups, for instance the informal task forces estab-
lished on the fly to deal with malfunctions in the network. Such task forces are usually
geographically distributed, cross formal organizational boundaries and are composed of
persons from different job categories.

External
co-workers

Network
allocators

personnnel

Figure 2 Network of informal NetSys related communication in Lake City and the user-
support group. Arrows indicate who asks whom, arrow widths indicate frequency. Each
circle denotes an organizational unit, 'external co-workers' is a collective term for persons
in units not otherwise specified.

There are also more stable groups, although membership may vary. One example is the
network of NetSys users (see Figure 2). The group is not visible on any organizational
chart, but everyone knows who its members are, who the experts are within the network,
and which experts can be asked. The group is distributed geographically, as well as over
a number of organizational units and types of work. Each circle denotes a separate
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organizational unit, and the widespread distribution of the network illustrates one of the
problems outlined in section 2.1 on 'Grounding organizational learning'. What kind of
organizational entity is actually the learning unit in this case ?

The graph illustrates the answers to the question "who do you ask when you have pro-
blems with NetSys ?", which explains the directedness of the graph. A more complete
graph should also encompass the answers to the question "who asks you about NetSys
problems ?".

It is worth noting that this is not a 'flat' network in the sense that the nodes are person
independent. There are personal relations involved, depending on who one knows, trust
and like. There are types and degrees of expertness (see section below on 'Expert users').
Figure 2 should therefore be interpreted as two embedded groups: one constituted by the
community of all NetSys users, and the other, not visible in the graph, the core of more
expert NetSys users. The boundary between these two groups is not stable, however. It
undulates according to accessibility (the experts may not be available), growing
experience and job changes.

Another example of a relatively stable embedded group is the arrangement found in the
transmission department. The technical assistant is formally employed in the Operation
Control group, but works for the transmission technicians. She is 'borrowed' by the trans-
missions technicians, and even does some work for the regional operation center's top
management.

Texture and organizational learning

The above discussion on links and embedded groups is a first attempt to clarify some of
the textural aspects of an organization. The fluidity and elusiveness that 'organization’
brings with it is due to the fact that the organization performing the work is both different
from the formal organization as well as dynamic. The embedded groups are resources for
information exchange and learning. The links described in the previous section are
preconditions for these groups.

A textural approach to analyze organizational learning requires a change in focus from
the formal structures to the actual structures that unfold when work is carried out. In the
case of the regional operation center in Lake City, the organization in question is fluid,
and constituted at any given time by the dynamic interaction pattern between persons
with respect to their work. Analyses of acting or learning must take this into account, by
specifying actors/learners and the particulars of the fluidity, like who interacts with
whom, for what purpose, at what time and in what way.

10 RESOURCES AND STRATEGIES FOR LEARNING

Networkers have access to different types of learning resources. Some of these are peda-
gogical efforts concentrating on NetSys. These are central or local training courses held
by the user-support group or by local experts. Others are learning resources integrated in
the daily work in Lake City. These may be personal resources, such as individual systems
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of yellow stickers, notebooks, kardexes etc. They may also be socially structured re-
sources, accessible for larger groups. Below some of these resources are outlined

10.1 Overlapping competence

A well known approach to developing a broadly competent workforce is to encourage
overlapping competence. Semi-autonomous groups, as advocated in socio-technical
theory and practice, is one way of dealing with this challenge. The rationale for deve-
loping overlapping competence may differ depending on the context. Bermann and
Thoresen (1992) in a study of hotel work, found that overlapping competence were en-
couraged because of the central value associated with the welfare of the guests. They
should not encounter the 'sorry,-but-you-must-ask-somebody-else'-attitude.

Different approaches to develop overlapping competence may be part of a conscious
learning strategy, or it may be a result of accidental circumstances. Below some ways of
developing overlapping competence amongst the networkers are described, together with
the rationales behind each.

Approaches to overlapping

The OC staff views overlapping competences as an explicit ambition. To operate the OC
desk one must deal with events in all telecommunications field. The weekend shifts in the
OC room require OC personnel to work alone, necessitating a broad background to deal
with all sorts of events.

To fulfill these requirements, it was an explicit policy to recruit specialist personnel,
each with her own specialty like transmission, switching, installation etc. This would co-
ver the range of qualifications necessary to run the operation control center as a whole.
The turntaking at the OC desk is one way of developing overlapping competence.

The transmission technicians were in a somewhat different situation. Previously they
were all-rounders, mastering different types of technologies. During the last 5-10 years
the degree of specialization had increased, due to technological and organizational
changes. Equipment changes faster than previously: new varieties appear several times a
year while some old equipment could last several decades. The equipment is also more
complicated, and more time is required to understand and operate it.

The technicians have a system of semi-overlap: each is responsible for knowing a
technological field neigbouring upon their own specialty. 'The boundaries between jobs
are jelly-like', one of the technicians remarked. In this way they can substitute for each
other and to some extent reduce the vulnerability inherent in specialization. But the
dream is to go all-round again' was also stated. The semi-overlap approach gives rise to
another variety of embedded groups: those with similar technological knowledge and
skills.

10.2 Contexts that hamper learning

The conditions for learning were not favourable at the time of my field work. The ope-
ration control group had recently been established and the new arrangements, within the
regional operation center and between the center and the subordinate areas, were not al-
ways in place. This required a considerable amount of articulation work (Strauss, 1993,
Gasser, 1986), and the management of real-time contingencies (Star, 1991) in particular.
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Most of the OC workers were new in their jobs and worked hard to manage the new
situation. Not all positions had yet been filled, so there was some undermanning.
Furthermore, the Olympic Games were two months away, which brought an
extraordinary work load. The OC workers' strategy for coping with the situation was to
lower the priority of activities not absolutely necessary for getting the job done. Learning
more of NetSys was one of the activities that could be set aside for the time being. This
worked because some expert users were physically close by and could be relied upon for
trouble-shooting.

For the transmission technicians, the most obvious obstacle for learning NetSys was the
fact that transmission technicians spend little time in their offices where the NetSys ter-
minals are located. NetSys is a highly complex system to learn, which adds to the
problems encountered by the technicians. Their strategy was to some extent hedging, i.e.
avoiding use whenever possible, leading to a specialization wherein the technical assistant
does most of the NetSys work. The relationship between the design of NetSys and its
characteristics of use is further analyzed in Thoresen (1995).

However, the degree of hedging varies between regions and between areas within
regions, and over time. Not all transmission technicians have a technical assistant, so they
are forced to learn NetSys themselves. Furthermore, the position of assistant is gradually
being eliminated as part of the reorganizing and down-sizing, and more transmission
technicians will have to make do on their own.

In general, there are many ways in which establishing links may be restrained or dis-
couraged. Work overload often leads to voluntary specialization. To get the job done,
everyone does what s/he is best at and can do most effectively. This tends to reduce the
number of links. Management may enforce formal structures, e.g. by insisting on
following the 'proper’ information channels instead of shortcutting them. Thus the lear-
ning environment may be impoverished, and the flexibility of the work organization de-
creases. This is well known from working-by-the-rules strategies.

Pressure for efficiency further increases the workload and reduces the opportunities for
maintaining and developing broad competence within the workforce.

10.3 Job trajectories
The concept of job trajectory is useful to understand how overlapping competence is
developed through a mixture of planned and accidental circumstances. Strauss (1993)
specifies 'trajectory' as follows:
(1) the course of any experienced phenomenon as it evolves over time ...........ccccocceeee.
and
(2) the actions and interactions contributing to its evolution (p.53-54).

The networkers job trajectories are constituted by the succession of jobs and organizatio-
nal positions they have occupied during their career, and the corresponding skills and
knowledge they have acquired. 'Positions' also include participating in e.g. projects, and
union work, which is fairly common in Telenor.

Telenor has until recently been considered a company where one could spend one's
entire work-life. Its size, variety of job categories, job security, in-house educational op-
portunities and country-wide location made it a desirable workplace. The average em-
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ployment time in my sample was more than twenty years, varying between 6 and 40
years. During this period, all the networkers had changed jobs and work places several
times, sometimes voluntarily and sometimes enforced, due to reorganizations, down-
sizing and technological changes.

A characteristic of the networkers' job trajectories was that most job changes were rela-
ted to the network in some way or another. The women started out with an education as
telephone operators. Three of them (the fourth shifted to a technical education) then
moved or were moved in many steps, and interrupted by in-house administrative courses,
into their present jobs. Some of the men also started as telephone operators, but later
entered the in-house courses for technical personnel: as installation workers, engineers,
transmission technicians and sometimes lower-level management in the network field.
These job categories in turn cover a variety of types of work. It is reasonable to believe
that their competence extends well beyond their present job.

10.4 Expert users

The expert users are not a homogenous group. There are local and central expert users,
and they vary according to type and scope of knowledge, accessibility, primary work and
how they view their expertise. Different types of knowledge may be related to the physi-
cal network, or the database and its navigation. The scope of their expertise with NetSys
may range from only a few specialties to NetSys in its entirety. Instead of expert users, it
would be more appropriate to speak about types and degrees of ‘expertness'’.

A striking phenomenon with respect to one type of expertness is the need for knowing
the whereabouts of Telenor employees, particularly those in the region. This means both
the organizational location and the precise physical location at the time they are needed.

One example of this phenomenon concerns the need for rapid establishment of em-
bedded groups for dealing with network failures. Establishment is carried out in relay
chains - perhaps originating in the operation center, yet soon taken over by networkers in
other parts of the region who report back and forth. Due to a number of recent reorgani-
zations where people have been shuffled around, keeping track of who is where becomes
a major concern. One type of expertise is to be able to quickly locate the right person.
This task is facilitated by the information resources embedded in the varied job tra-
jectories; the 'old hands' usually know someone in many Telenor workplaces. The 'old
girls network' is particularly useful, since many are employed in Information Service,
where locating people is their primary work.

The main local experts are the network allocators. They form the core of an embedded
group in Lake City, with associated circles of more or less stable membership. They are
in daily contact with the decentralized network allocators in other areas of the region,
redistributing orders among themselves to adjust their work load, substituting for one
another handling telephone calls etc.

Their expert position is based on the existing division of work, where network allo-
cation and use of NetSys is specialized. They have also appropriated other resources for
learning by dominating Users' Forum, the official participatory body for further
development of NetSys. Their participation in Users' Forum provides close informational
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and influential contacts with the user-support group, and a country-wide social network
among themselves which is influential due to their expert position.

The central experts are located in the user-support group. They have two main re-
sponsibilities: providing information and guidance, including courses, to all NetSys users,
and heading further development of NetSys, in cooperation with the Users' Forum and
two groups of in-house system developers. They are accessible to all NetSys users, and
know a large number of them from teaching the internal courses. In Lake City, it is
mostly the network allocators who contact them. The user-support group manager is a
woman with background from the old manual network archives. She has participated
from the very beginning of NetSys - in design and development of the system, the user-
support arrangements and the courses.

10.5 Meeting-places

The existence of meeting-places to exchange information and pick up useful news is
essential to learning at work. Meeting-places may be related to activities, like regular
meetings or shift changes, and they may be related to physical environments promoting
communication and learning, like coffee rooms. They may be planned as meeting-places
or not, - the point is that they function as opportunities for learning, and that they are
cultivated as such.

Co-location is generally an important prerequisite for learning at work. The location of
the network allocators in close proximity to the OC room makes communication easy.
Figure 1 shows that the OC personnel primarily used the closest experts, who were the
network allocators - 'Transmission is 20 meters away' as one OC worker remarked.

The physical environment of both the OC room and the transmission technicians' room
are open landscapes. A landscape constitutes an informal meetingplace, with some ad-
vantages seen from a learning point of view (although they may be disadvantageous from
a work environment point of view). It is easy to find somebody to ask, and the
surrounding talk is a source of information. The technical assistant and the transmission
technicians exploit this in their office landscape. The morning session in particular, when
the print-outs of orders are distributed, functions as a meetingplace to inform the
technical assistant and her co-workers about who will work where, who should not be
disturbed, etc.

A particular form of communication in landscapes is out-in-the-air-questions. These
are questions that are thrown out in no particular direction, and rely on somebody being
able to answer. This form of communication is viewed as a sign of good working rela-
tions: 'Nobody says that you're asking too much, you always get an answer.' Similar
communication practices are reported by Jordan (1992) and Heath and Luff (1991),
although with a stronger emphasis on mutual updating. Jordan (ibid.) suggests that 'out-
louds' work in workplaces where information resources are non-hierarchically distributed,
a characteristic often associated with a good work environment.

More formal meeting-places are, for instance, group meetings, Users' Forum meetings
and training courses. The training courses play an important role for a variety of reasons.
They contribute to the establishment of personal relations between the user-support
personnel and the NetSys users, as well as among the NetSys users. Personal relations fa-
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cilitate links and are conditions for the various informal networks to thrive. The courses
also serve the purpose of confirmation - people realize that their experiences are similar,
or dissimilar, to others'. The courses function as an arena for exchange of ideas of new or
better ways of doing things. One aspect of the instructors' contribution is particularly in-
teresting, since they frequently are links in learning chains - when information is
transferred from one workplace to another through intermediaries. The user-support per-
sonnel's broad contact with the networkers provides them with information about pro-
blems and solutions all over the country, which they forward to those attending the
courses.

It should be noted that training courses are valued among the networkers®. This is
different from Orr's (1992) service technicians who found the courses too limited for
their purpose. Part of the reason seems to be the differences in grounding the courses in
practice. The NetSys instructors take care to anchor the teaching, excercises, and examp-
les in practice. Development of new courses takes place in cooperation with the target
groups. The user-support group manager's background from archiving, not from IT, is
important to ensure this grounding. There is also a general awareness among the user-
support personnel of the situatedness and contingencies of daily practice, in contrast to
canonical practice.

11 SUMMARY

Learning at work for the networkers in Lake City is facilitated by legitimate peripheral
participation in practice, implying physical nearness to each other, use of telephone to
easily reach remote coworkers, access to expert users, meeting-places, workplaces that
allow peripheral awareness and out-in-the-air questions.

It is hindered by restraints on legitimate peripheral participation brought about by work
pressure, division of work, enforced organizational boundaries, physical characteristics of
the workplace, complexity of NetSys and varying degrees of usefulness of NetSys for
different groups.

The networkers' learning of NetSys is smoothly embedded in their practical work:
actions and interactions within communities-of-practice aimed at keeping the network in
good shape. This is not to say that there are no hindrances. The point is that when oppor-
tunities for learning arise within the context of daily practice, they are also exploited by
the networkers. Thus, learning at work is also learning through work.

The cognitive view of organizational learning tends to delete or abstract the work
carried out. One of the dangers of this non-visibility is that the concrete actions and the
concrete resources needed to successfully appropriate IT disappear in general formula-
tions.

* This is true mostly for those attending the more recent courses. The early courses were not well received.
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