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ABSTRACT

User-centred approaches to information systems development
presume a particular division of labour between ‘users’ and
‘designers’ and an organisation of the development process
in discrete projects. We present material from a case study
that shows how development takes place during the day-to-
day operation of a system and how the social relations in this
setting differ from the ones often assumed by both traditional
and radical approaches to systems development. We discuss
the prospects and limitations of continuous user involvement
and the possibility of establishing user-led development pro-
cesses that take advantage of social learning — processes of
domestication and innovation taking place in the context of
daily work activities.
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INTRODUCTION

The importance of actual working practices in the design and
development of information systems has long been acknowl-
edged. Researchers from various communities such as par-
ticipatory design (PD), joint application development (JAD),
human-computer interaction (HCI) and computer-supported
cooperative work (CSCW) have accepted that design and de-
velopment processes cannot be treated independent of their
larger social context. A dominant issue in recent years was
the problem of ‘informing design’, of establishing a shared
understanding between the ‘user’ and the ‘designer’ about
the ‘requirements’ the system has to meet. A number of ap-
proaches have been advanced to overcome this problem, PD
amongst them. These have mainly shared an emphasis on
building more extensive knowledge (or more effective rep-
resentations thereof) about users, their context and purposes
into prior systems design [28, 35].

In this paper we wish to question the assumptions underly-
ing the traditional division of labour in information systems
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development. Material from a case study is presented to il
lustrate that this division of labour and the social relation
ships connected with it may take on different forms than ar
assumed by user-centred systems design approaches. We dis
cuss the possibility of user-led development rather than user
centred design.

USER-CENTRED DESIGN

There are many methodologies for user-centred design. How
ever, most are variants on just two basic approaches. One ha:
been the various forms of PD, which has evolved from it:
radical beginnings into a partnership between designers anc
users for rapid prototyping. The other has been the turn i
ethnography, a key development in the attempt to capture the
social context of system use [18].

Participatory Design

Participatory design subsumes a wide range of methods tha
aim at involving users of information technology in the de
velopment process [14, 20]. Early efforts originating in Scan
dinavian countries aimed at democratising development anc
thus giving workers some control over technological develop
ment. A second goal is the development of systems that bette
fit their context of use. More recently, feminist criticisms o
industrial relations and technology have been taken up by the
PD community with the aim of creating systems that bette
support the social aspects of everyday work activities.

Initially, PD was exercised in the context of trade union ef
forts to gain direct influence over technological developmen
by setting up arenas for innovation outside companies [2, 10
9]. However, such efforts remained confined to certain ar
eas in which union organisation and strategies were well
developed. The idea that the involvement of users would re
sult in better systems (in terms of fit with actual working prac
tices) and improved acceptance, has now been widely taker
up within organisations. But, while the general idea of use
participation has been accepted, it is subjected to formal man
agerial control and thus its more radical ambitions have no
been realised on a wider scale [8, 33].

Ethnographic Studies

Ethnography is generally recognised as valuable in identify
ing the exceptions, contradictions and contingencies of worl
activities that do not necessarily figure in formal representa

tions of work, and are difficult to capture in other ways. A
ite cimnlect ethnnoranhv nrovidec an infarmational innut #



the design process, making visible the ‘real world’ aspects
of a work setting and focusing upon the specific and detailed
organisation of activities which designers are concerned to
understand, analyse and reconstruct.

The kinds of changes to design that might result from ethno-
graphic studies are generally intended to have an incremen-
tal rather than a comprehensively transformative effect. The
value of ethnographic approaches for informing system de-
sign has become a matter of some controversy, however [1, 6,
16, 27]. These are centred around the problem of how ethno-
graphic approaches should ‘communicate’ their findings to
designers. One fundamental issue is the presumption that the
ethnographer should somehow adopt the role of the users’
‘proxy’. Other important issues concern, for example, the
scope of the design, the size of the design team, the stage of
the design, and so on [16]. The need to increase the utility of
ethnography and to foster communication has led to a number
of ideas and recommendations for collecting, organising and
presenting ethnographic material [18, 27, 29].

From User-Centred Design ...

Both of the above approaches assume that the user-designer
dichotomy is given, and that, consequently, mediation be-
tween the two parties is necessary. They are based on fun-
damental asymmetries inherent in the division of labour, es-
pecially asymmetries of expertise, power, and interest. Users
are conceptualised as sources of requirements that are trans-
lated into an artefact by the designers. Various methodologies
and possibly intermediaries are needed to bridge the distance
between the two parties. Relevant domain knowledge needs
to be brought to the designers and users need to be enabled
to build a vision of what is technically possible and how their
work might look like in the future. Both PD and ethnograph-
ically informed design remain in the tradition of prior de-
sign, emphasising the initial phases of a system’s lifecycle
and project-style organisation of the development process.

... To User-Led Development

In contrast, user-led development assumes that development
activities are continuous and based on daily work experience.
The case study material presented below shows how users are
engaged in processes of social learning [35], creating inno-
vative ways of using systems after their implementation and
initiating changes that reflect new working practices. Such
processes of development in use are collaborative activities
that are strongly embedded in day-to-day activity. The case
study shows that social learning processes can be a driving
force for continuous development of long-lived systems and
that these processes can be furthered or hindered by social
relations in the workplace.

THE CASE STUDY

Several workplaces in two case study organisations were stud-
ied over a period of six months. Because of space limitations,
only one case will be presented, that of ENGINECO. For a
discussion of both see [32]. The primary interest was to un-
derstand the work processes and the social relations in the
workplace. Since the time available for the project was lim-
ited, a pragmatic mix of document study, workplace observa-
tion and interviewing was used. Information systems devel-
opment was experienced mainly from the users’ perspectives.
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To complement this view, interviews were held with man-
agers and systems developers. This research approach was
chosen explicitly to complement the traditional focus of in-
formation systems design studies on project work. Although
lacking the mass of detailed observation that might have been
possible with a long-term ethnographic study of information
system development and use, the study gives valuable insight
into the role of end-user activity even in the absence of formal
participation programmes.

ENGINECO is one of the largest independent manufacturers
of diesel and gas powered engines worldwide, having a long
and rich history in the industry. Today, ENGINECO concen-
trates its activities on the production of diesel and gas pow-
ered engines, positioning itself as an independent supplier for
engines from 4 to 7,400 kW. The ‘new plant’ produces four
different series of engines ranging from 11 to 190 kW,

Because of changes in the market situation that were expected
to follow as a result of tougher new EU laws on emissions of
exhausts and noise, ENGINECO decided in the mid 1980s to
develop a new series of diesel engine types that would meet
these new demands. The coming success of the first engine
type, the F100, was already apparent when ENGINECO de-
cided to produce the new engine types in a new plant that
would introduce dramatic changes to the way ENGINECO
builds its engines. For the newly introduced engines (F200,
F300, and F305), as well as their successors, the new plant
was to be designed according to the “latest logistical and tech-
nological standards”.

The overall goal of efficiency translated into a number of
specific goals relating to different aspects such as marketing,
product development, logistics, acquisition of parts and com-
ponents, and production layout. These demands led to a num-
ber of basic assumptions that shaped the development both of
the new engines and the plant that would produce them:

o The products were expected to be characterised by low vari-
ance in the basic motor and customer-specific customisa-
tions. Customising would have to be extremely flexible and
responsive in order to meet customers’ demands. However,
the number of parts would be kept small by a strict variant
management regime.

o Parts and material would be delivered to the plant just-in-
time by a logistics subcontractor, which built a high-shelf
storage nearby. The plant itself would have buffers for ma-
terial and parts for only 4 hours (half a shift).

e Modern management and production techniques would lead
to a quantum leap in productivity and cost-effectiveness.
The “new plant” was meant to embody the vision of a new
culture for the organisation.

These factors led to a design of the plant and its work pro-
cesses that separated the ‘outside’ from the ‘inside’ of the
plant. While the outside was perceived as an inefficient or-
ganisation in severe economic trouble that had a long his-
tory of management by improvisation rather than planning,
the new plant was meant to become the key to a revolution
of the organisational culture. Care was taken to avoid ‘infect-
ing’ the new plant with the old vices. For example, personnel
were selected from existing staff via assessment centres, and
computerisation was increased in order to improve logging of
operational data. Within the same building reside production,



production management, production planning, relevant parts
of IT, and maintenance.

The layout of the plant can be seen in Figure 1. Parts and
materials are delivered to the plant by the external logistics
provider who also picks up finished products and empties.
Their roll-on/roll-off trucks can be emptied or filled within
a matter of minutes, normally requiring only the driver as a
human agent. All goods are automatically checked in and
delivered to their destination by infrared-guided autonomous
carriers. The plant itself has only very limited storage capac-
ity covering roughly 4 hours of production.

Production starts with the assembly of all moving parts on as-
sembly lines (one for the F100 and one for F200 and F30X).
At this stage, the number of different engine configurations is
relatively low and so assembly can be automated at many sta-
tions. At the end of moving assembly, a cold run test is con-
ducted before the engine is moved (again by an autonomous
carrier) on to the next production unit. Depending on engine
type and configuration, this can be the testing area or station-
ary assembly I if parts have to be assembled before testing.
Stationary assembly I/II consists of 70 workstations where
the engine is fitted with the equipment that the customer re-
quires. The next station is in testing where the engines are
not only submitted to a hot run but also adjusted to meet
the specific requirements of the customer. On their way to
and from the testing area, the engines pass through the en-
gine buffer which is also used to store engines between any
two consecutive production units. Engines usually have to go
through stationary assembly again as some parts can only be
assembled after testing. The next production unit is varnish-
ing where engines are prepared for painting, then painted first
by a robot and finally in detail by a worker. The last func-
tional unit normally is packaging and shipping. However,
some engines may have to be audited or may have defects.
Such engines can be moved to stationary assembly I1I where
four workplaces are available for such cases. The engines
leave the plant on the same trucks that brought the compo-
nent parts and are stored in the logistic provider’s high-shelf
storage until finally being delivered to the customer.

The assembly control host is the central information system
in the plant (see Figure 2), connecting the production pro-
cess to information systems outside the plant and controlling
the operation of numerous autonomous subsystems within the
plant as well as the flow of engines from one station to the
next. It receives packages of production orders from the cor-
porate enterprise resource planning (ERP) system' (SAP R/2)
with a normal lead-time of 1-2 working days. These orders
are then locked in the ERP, which means that they can no
longer be changed by parties outside the plant (e.g. sales) and
are completely under control of the assembly control host.
This mechanism decouples production from the rest of the
company’s information systems. When an order is actually
scheduled for production, the assembly control host orders
the required parts to be delivered by the logistics provider
who sends an acknowledgement and thereby guarantees that
the parts will arrive at the plant within four hours. When
the goods arrive at the plant, the local system at the entrance
sends a corresponding message to the assembly control host

!'The role of an ERP system is to integrate the organisation’s information
and information-based procedures within and across its functional areas [21].
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which then orders their further transport by the carrier sys-
tem. Every production station receives the data it requires
from the assembly control host which also initiates transport
of material. All subsystems operate asynchronously, mak-
ing the overall system less vulnerable to failures and easier to
change. We will come back to the issue of modularity later.

The Control Room

Overlooking much of the shop floor is the central control
room where three workers monitor processes in the plant.
Their tasks are to:

¢ monitor the flow of engines and material and react to inci-
dents,

e regulate the processes in the plant, making adjustments to
scheduling when necessary,

e forward relevant information to maintenance, foremen, and
the logistics provider,

e create statistics about problems, and

e cooperate with Assembly Planning, Disposition, and other
departments.

The overall aim is to sustain a high and even utilisation of
productive capacity while meeting all delivery dates and re-
ducing work-in-progress to a minimum. The control room
workers are supported in this task by a number of informa-
tion systems:

e The assembly control host contains all relevant information
about orders. With this system, control room workers can
influence the flow of engines through the plant. For exam-
ple, they may adjust priorities or stop engines that require
attention, ‘parking’ them in buffer spaces.

e A process visualisation system collects and visualises about
15,000 signals that are generated on the shop floor. It is the
main means for detecting process breakdowns.

e The control host for the autonomous carriers is a separate
system that allows workers to monitor and, if necessary,
modify transportation processes in the plant.

e In addition, control room workers have access to the pro-
duction planning system as well as other related systems on
the central mainframe computer.

e PC-based office software including text processing, a data-
base, and a spreadsheet system are also available. A ter-
minal emulation software provides remote access to the as-
sembly control host and the central mainframe.

Control room workers are engineers or skilled workers who
have worked in other positions in the plant. Training of new
members of the group is done on the job since a large part
of the relevant expertise is not formalisable. Since produc-
tion processes in the plant are largely automated or delegated
to autonomous workgroups, the flow of an engine through
the plant is normally controlled by the assembly control host
only, requiring no human agency other than by the assem-
bly workers. Under normal circumstances, orders that en-
ter the plant have all their preconditions met and are routed
through production by an elaborate priority-based scheduling
algorithm. Since the scheduling decisions to be made are rel-
atively simple (they concern only usage of testing stations,
buffers, and painting), the automatically generated schedules
are acceptable. Nevertheless there are a sizeable number of
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Figure 1: The production layout of ENGINECO’s new plant.

orders that cannot be handled according to the automatic sched-
ule as they deviate from the normal cases in some way and
thus require attention. The handling of such special cases,
monitoring production, and responding to breakdowns make
up much of the daily activity in the control room. The follow-
ing entries from the shift book? illustrate this:

engines #56679889, 56679892, 56679893
control devices for these engines are in Mr Miiller’s office, engines
stopped before varnishing

as soon as crankcases for 4-cylinders are available, schedule order
number 56678651 (very urgent for CompanyX)

Control room workers have to ensure that the control devices
are assembled and that the engines are re-introduced into the
normal production process afterwards. Some orders have tight
deadlines and thus need priority treatment. Also, certain cus-
tomers’ orders may be receive priority treatment, a fact that
is not recorded in the information system but part of workers’
tacit knowledge.

info for Peter: part no. 04767534, box was empty upon delivery, so
I booked 64 parts out of inventory

engine 5664576 built twice: Mr Meier downloads a similar order to
the assembly control host, new engine number 5664590 has to be
engraved, Mr Schmitz sees to it

Here a worker responds to a breakdown in material supply by
reestablishing the match between the situation in the plant and
data in the information system. The second entry illustrates
another situation in which reality and data have to be matched
as an engine is accidentally built twice.

repeated problems with carriers: #37 runs out of energy before get-
ting to the battery loading station

please move as much material into plant as possible during late shift:
roll-on/-off blocked tomorrow 8:00 to 11:00 (see fax)

Zentries have been paraphrased and anonymised
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The above entries show how control room workers have to
respond to general engineering and organisational issues that
affect the processes within the plant.

Assembly Planning

Assembly Planning is responsible for the planning of produc-
tion within a timeframe of up to six months according to the
goals of:

e adhering to negotiated time of delivery,

maximising the utilisation of the plant,

supplying Assembly Control with packages that can be built,
i.e. have all preconditions met, and

e guaranteeing availability of material with respect to new
parts.

Given the strategically managed short term production plan
and the (predicted) availability of orders, Assembly Planning
plans production in decreasing timeframes — up to 6 months,
up to 8 weeks, up to 3 weeks, and daily packages - with in-
creasing detail. Throughout all planning steps, the functions
of capacity planning, scheduling of orders, and material ac-
quisition have to be executed. The following conditions ap-

ply:

e Sales, Disposition, and Assembly Planning work with the
same data, continuously through all stages. Consequently,
appropriate coordination has to be ensured.

e Flexibility for customer change requests has to be main-
tained for as long as possible and guaranteed until the last
week before production.

e For capacity planning, data from the work schedules is taken
into account even in the build program (6 months horizon).

e Planning at all stages is done at a detail level of weeks or
finer.
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e Responsibility for order-related data lies in the sales de-
partment and, consequently, such data cannot be modified
by Assembly Planning.

The creation of daily assembly packages is the effective inter-
face between Assembly Planning and Assembly Control and
it is this function which is of primary interest for our case
study. Daily packages consist of orders that are submitted
to the assembly control host with a normal lead time of 1-
2 working days, enabling the timely scheduling of material
and creating a buffer of spare orders for production in case
some orders cannot be built. One of the functions of Assem-
bly Planning is to create in advance a schedule for assembly.
Assembly planning is responsible for the buildability of all
orders submitted to the plant in terms of availability of mate-
rial, information, machines, and workers.

A simple heuristic is used to schedule production orders, op-
timising for utilisation of the most critical production unit
(testing). The resulting schedule is preliminary and has to
be modified by Assembly Control according to current local
contingencies. While Assembly Planning schedules whole
production orders (i.e. batches of engines of identical config-
uration), Assembly Control schedules individual production
items (i.e. engines). Although orders are scheduled with 24
hour precision early on, these schedules are largely prelim-
inary and have to be amended according to the actual per-
formance of the plant and possible problems. The further an
order moves to its scheduled date of production, the more
precise the information about the plant’s capacity becomes.

Plan and Reality

As the planned work processes were confronted with real
day-to-day production, it turned out that important assump-
tions did not hold: customers’ demands led to an increase
not only in different product configurations but also in vari-
ant parts and the availability of material could not always be
ensured in advance. The autonomous carrier system became
a bottleneck partly because the performance promised by the
supplier could not be reached and partly because the perfor-
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mance required rose. These problems led to modifications
in the production layout. Some of the customising normally
done in stationary assembly was moved to the production line
so that today all F100-type engines move from flow produc-
tion directly to testing, saving at least one transport per en-
gine. The downside of this change is that additional complex-
ity has been introduced into a part of the production process
that was meant to be kept simple. Tradeoffs like this are part
of the daily work of a number of professionals working to
keep the plant in line with the demands of its operating envi-
ronment. Engineers, production planners, workers, managers
and others work to find solutions within the restrictions set by
numerous factors, such as physical plant layout, established
social relations, and outside demands.

Higher than expected production figures led to a shortage in
some self-produced parts, especially crankcases. The single
line producing crankcases was running at maximum capac-
ity and there were no ways to further increase it other than
installing a second line which was then economically infea-
sible. In order to minimise downtime caused by reconfigura-
tions of equipment, ENGINECO increased the size of batches
of each individual type and thus improved overall productiv-
ity. However, this meant that the supply of crankcases was ill-
matched to the demand of the assembly plant which produces
at batch sizes down to a single engine. If Assembly Plan-
ning had continued to work with hard criteria for buildability,
the plant would at times have run out of orders. ENGINECO
addressed this problem by increasing the horizon of visibil-
ity of Assembly Planning to include parts that were known to
be physically existent but not yet recorded in the ERP system.
This solution, in effect, changes the interface between Assem-
bly Planning and Assembly Control as orders are downloaded
to the plant that are not buildable in the strict sense. Orders
downloaded to the assembly control host may now be either
‘green’, ‘orange’ or ‘red’:



green The order is buildable in a strict sense.

orange Material produced by ENGINECO itself is known to
be available but has not yet reached the logistic chain.
Material is unavailable but is known to become avail-
able before it is actually needed.

This change means that the task of finally assuring that ev-
erything needed for production is available when orders are
scheduled is now that of the workers in the control room. In
practice, orders that are either ‘orange’ or ‘red’ will have only
a single missing part so that monitoring the buildability of or-
ders is relatively simple and thus compatible with the other
duties of assembly control. By redefining details of the organ-
isational division of labour, ENGINECO has thus addressed a
situation that was hard, if not impossible, to predict during
the original planning phase. Although the change involved
a modification of the underlying assumptions of buildability,
and thus of a key orthodoxy of the production philosophy, it
could still be negotiated once assembly control workers were
convinced that Assembly Planning was not simply trying to
make them do their work for them. The change could be
implemented without major modifications of the information
systems and thus was feasible. Such modifications to produc-
tion processes are, in fact, common at ENGINECO, although
not all examples involve such fundamental changes.

Originally, stationary assembly III was introduced as a place
where auditing could take place and where defective engines
could be dealt with. Engines leaving varnishing were as-
sumed to be completed, an assumption that does not hold
in all circumstances. There may be parts that have to be
assembled after varnishing and other modifications may be
required. Since engines can be automatically moved to sta-
tionary assembly III by simply marking them as engines to
be audited in the assembly control host, control room work-
ers started to use this feature to move engines that required
attention to these workplaces. As the simple audit tag does
not allow allow a distinction to be recorded between different
reasons, a text-field was introduced in the information sys-
tem where control room workers could enter an explanation
why an engine was moved to stationary assembly III. Later,
the simple audit tag was replaced with an enumeration of the
different reasons.

Other alterations to the normal production process become
necessary as a means for ‘repair work’, i.e. improvisations
necessary to maintain the consistency of data or the fit of pro-
duction data with actual circumstances. Such situations arise
because of failures in the computer systems or in the attached
sensors, because workers make mistakes operating controls,
because incoming material is wrongly labeled or otherwise
faulty, or because defects of completed orders are recognised
after the engines have left the plant. In all such situations,
consistency has to be re-established manually. While control
room workers have some means to do this, they have to rely
on help from the systems operators for certain kinds of re-
pair work (e.g., when an order has to be reintroduced into the
plant under the same unique production number). An exam-
ple of repair work that occurs daily is the correction of stock
records.

red

Information Systems Development

Development, maintenance, and operation of the assembly
control host is subcontracted to an external service provider
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which guarantees quality and availability of service to EN-
GINECo. They have operators and systems developers on
site and work in close cooperation with ENGINECO's engi-
neers and IT staff. Information systems development at EN-
GINECO has inherited some of the characteristics of the en-
gineering culture surrounding it. Production processes are
continuously changed in detail in order to keep up with cus-
tomers’ demands and to improve efficiency. The develop-
ment of information systems has to keep up with these dy-
namics. Accordingly, the overall process is not normally split
into discrete projects but is actually continuous. Only when
major modifications to the plant are being planned are formal
project groups established. Information systems then are only
one sub-project in the overall undertaking, as many problems
from various domains have to be solved in such a situation.
Information systems development is very much embedded in
general technical development, whether it be concerned with
the products or the production technologies and processes.

A feature of the situation in this particular plant at ENGINECO
is that the manager responsible for the control room is at the
same time responsible for the information systems within the
plant. He is a trained IT professional who has worked in EN-
GINECO’s IT department before moving to his current posi-
tion. Being in such a boundary position gives him consider-
able knowledge about both the engineering and information
processing problems in the plant. He welcomes and actively
encourages input from the workers as long as it lies within
the boundaries of the overall IT strategy and is justifyable in
terms of cost and benefits. Workers in the control room man-
age a “Meckerbuch” (complaint-book) concerning develop-
ments in the plant, relating not only to information systems
but also to general engineering issues. This list of issue is
regularly discussed with the manager who, if he approves, ne-
gotiates the changes with the service provider. As the latter’s
programmers are permanently located within the plant and
ENGINECO’s own IT staff are permanently involved in day-
to-day operation of the plant, the pathway to system modifi-
cations is short and assessments of the chances and risks of a
change can be made rapidly.

Examples from the complaint-book? show how discussion of
IT development is tightly coupled to the current situation in
the plant:

process visualisation does not show error status when material buffer
cannot communicate with the shelf servicing unit

show all engines scheduled for teaching in dialogue 2107
engines are ‘red’ even when only loose material is missing

The examples show how control room workers are actively
involved in improving the systems they are working with as
they respond to breakdowns, and reason about ways to im-
prove the flow of work. Entries in the complaint-book are
typically only a few lines of text (and possibly a screen-dump)
as their context is immediately available for on-site IT staff.

The process visualisation system and the control software for
the autonomous carriers are configured combinations of stan-
dard components. While the former is under direct control
of the control room manager, the latter is maintained by the
supplier. In addition to the named systems, PC-based spread-
sheets and database tools are used by the workers themselves

3Examples have been paraphrased.



to create small applications. IT personnel supports them and
ensures the quality of the programs. In effect there are four
different forms of information systems development evident
at ENGINECO:

1. developments by control room workers,

2. developments by local IT staff,

3. developments by on-site external providers, and
4. developments by remote external suppliers.

These different types of development are related to different
social relationships and exhibit different characteristics, espe-
cially in terms of the distance between development and prac-
tice and in terms of formalisation of contract. The closer sys-
tems developers are to actual practice, the more does problem
solving remain within the context of daily practice. While
the plant was still in the pre-production phase, an informa-
tion systems developer worked in the control room. When
he moved into another office, workers felt that this was “‘def-
initely a step backwards”. However, comparing the develop-
ment process for the assembly control host, contracted to the
on-site external provider, with other systems in the plant one
of the control room workers commented: “If all our systems
development was done in this manner, we would have saved
a lot of trouble”.

DISCUSSION

The case study provides an example of a system that embod-
ies orthodoxies of good practice (e.g., the notion of buildabil-
ity). At the same time, it points to the need to treat each busi-
ness case in its particular specificity. Workers have to map the
actions they take in response to individual cases to a represen-
tation that is compatible with the assumptions inscribed in the
system and with the social relations that their work is embed-
ded within. While working practices are subject to renego-
tiation, both in the long term and spontaneously in reaction
to changing circumstances, these renegotiations have to be
compatible with the working environment and overall strate-
gic goals.

User-Led Development

Users are not merely passive recipients of technical inno-
vation even in the absence of formal participation schemes.
They are involved in processes of social learning [35], giv-
ing meaning to technologies in the context of their work and
day-to-day lives and influencing technological development
in response to their work experiences. We see from our case
study how the relationship between development and use of
technologies is a reciprocal one, contrasting sharply with the
artificially constructed distinction that is often made between
these two processes.

Traditional design approaches separate the conception and
development of a system from its use, and designers from
users (see Figure 3a). Profound difficulties were experienced
in meeting user requirements under this technocratic model.
Under the label of user-centred design, various attempts have
been made to overcome these problems by building in some
form of user input to democratise or improve the development
process. Though various methods bridge the worlds of de-
signers and of users (such as prototyping or studies by ethno-
graphers) the basic division between design and use (and de-
signers and users) is retained (Figure 3b). However, Williams
et al. observe that “whilst the shift towards user-centred de-
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sign represents a significant and positive development, we
need to avoid the pitfalls of what we have termed the ethno-
graphic fallacy: the presumption that the primary solution to
meeting user needs is to build ever more extensive knowledge
of the user’s context and purposes into technology design”
[35]. Similarly, Hartswood et al., argue that “most prescrip-
tions for increasing user involvement succumb to the ‘design
fallacy’, i.e., that IT failures are due to insufficient involve-
ment of users in the design phase and can be addressed by
pouring more effort into this part of the lifecycle” [15].

Studies of the implementation and use of systems, in contrast
highlight the active role of a wide range of players involved
as well as design specialists. Artefacts are not fixed in the
design stage but are adapted and reconfigured in the strug-
gle to get them to work under actual circumstances of use.
Fleck termed such processes of innovation during diffusion
innofusion [12]. Users are also engaged in processes of do-
mestication [35], an ongoing process of developing practices
around the affordances of systems and attributing meaning to
the system and its characteristics.

Recognition of these often overlapping forms of social learn-
ing around systems opens up new possibilities for the ways
in which effective systems are acquired and made useful in
organisations. Prior design (and the players associated with
it) is no longer privileged, but is seen as one moment in an
evolutionary process (see Figure 3c). Indeed some develop-
ment processes could be seen as "user-led’ through the active
choices of users in configuring together a range of component
technologies without any significant input to design [35].

Both of these forms of social learning are evident in our cur-
rent study. The case of stationary assembly I1l, where the
system'’s functionality (e.g., the audit-tag) was used in ways
that were not foreseen when the system was originally de-
veloped, provides a clear illustration of a domestication pro-
cess. The same example also flags the potential for innofusion
in later phases of implementation, where systems are subse-
quently modified to reflect innovations that have arisen from
processes of social learning (e.g., annotation of the audit tag).

The availability of packaged software has led to the develop-
ment of software supply strategies beyond the ‘make-or-buy’
alternative [3, 30]. The ‘pick and mix’ approach to systems
development allows users to combine cheap, commodified
software in order to create a solution to match a complex con-
text. The trend towards component-based architectures [30]
illustrates how such configurational technologies [11] allow
users to address the traditional tradeoff between cost and or-
ganisational fit.

This point has been made before in relation to office work
where workers engage in ‘bricolage work’ [5, 4, 7], rapidly
assembling systems from preexisting pieces of software with
IT professionals taking on the role of facilitator. A number of
researchers have investigated tailorable systems as a means to
allow users to directly make changes to the systems they work
with (e.g., [23, 22, 19]). However, the systems described in
these analyses have the character of a medium rather than
a mechanism, and support a particular kind of work that is
characterised by a high degree of actual (although often not
recognised) autonomy.

The examples of the reformulation of the definition of engine
buildability and the use of stationary assembly III have shown
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how social learning processes resulted in changes to working
practice and systems. To understand the wider applicability
of these social learning processes, we should reflect on the
specific contingencies at ENGINECO that enabled them. For
example, the system in question is a typical large-scale con-
trol system which automates and controls a large number of
interrelated work processes and whose operation, moreover,
is governed by the imperatives of manufacturing industry. In
other words, this is a context where the importance of ef-
ficient production is such that the “ends may easily justify
the means.” Such conditions may not be reproduced in other
commercial sectors such as banking [17] or in public sector
bureaucracies [32].

Rethinking the Division of Labour

Contrary to the rigid division of labour presumed by tradi-
tional approaches to IT systems design and development, the
case study illustrates how, in practice, this is subject to social
shaping and is thus negotiable. People who would normally
be classified as users may well play important roles in the
development of information systems and people with an IT
background may well have roles in the application domain.
When the division of labour is reshaped, the issues change. In
this case, conflicting interests arise not so much between IT
staff and other workers, but between different local groups of
practice, and between these groups and global strategic play-
ers. The issue becomes one of bringing local autonomy in
work processes in harmony with global policies [17].

Top-down and bottom-up processes both have to be accom-
modated in order to establish significant user control and adap-
tation whilst not threatening more strategic issues (like de-
pendability and compatibility). Local adaptations have to be
managed appropriately in order to make them survivable in
the face of changes (like people leaving or other parts of the
system changing).

An important issue is the legitimacy of participation. When
systems are developed in the context of traditional projects,
the questions are whom to involve, when to involve them and
how. The traditional approaches to user-centred systems de-
velopment differ mainly in their answers to these questions
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[24]. However, a system that has been designed in partici-
patory ways originally, may appear alien to someone down-
stream who has to follow the template formed by those people
initially involved in the design and development process. Par-
ticipation in prior design does not solve this problem. Ways
have to be found to give people access to ways of changing
the system as part of the ongoing learning process that is part
of their daily work activity. If systems development is taken
out of the limited context of projects into day-to-day working
practice, where development is based on processes of domes-
tication and innofusion, the nature of the question of legiti-
macy changes to “who is allowed to change what?” This is
more far-reaching than the original question of user involve-
ment in projects which, since projects are separated from the
normal work process, seldom addresses issues such as job de-
sign.

User-led development processes present something of a chal-
lenge to conventional presumptions about system develop-
ment and the division of labour and expertise, in terms both
of:

e the division of labour within the organisation in making de-
cisions about manufacturing systems and routines, and

e the temporal and organisational division between system
developer experts and organisational users.

User-led development calls for rather far-reaching changes in
the training and culture of technical specialists, managers and
the wider workforce. This agenda would carry much further
earlier calls for training to create hybrid experts and to cre-
ate intermediaries to interface between technical specialists
and the user organisation [13]. As IT becomes part of every-
day life — as it becomes more pervasive and is designed (in
some respects) to be easier to use — we may expect the skills
and general knowledge required in its application to become
more widely distributed as a result of widespread processes
of social learning rather than formal training. However, our
earlier studies lead us to conclude that it is unlikely that or-
ganisations can succeed in fully capitalising on such changes
without re-thinking their strategies for the management of ex-
pert labour [34].



Systems Architecture

Effective user-led development processes require systems that
can be understood by all actors at a level appropriate to their
expertise. The question “at what level” users can change
the system is important as we cannot expect everybody to
learn to program at the level of abstraction that IT profession-
als routinely work at. Traditional systems architectures do
not normally include levels of abstraction suitable for non-
IT professionals. Notable exceptions exist: workflow man-
agement systems include application specific languages (of-
ten employing graphical representations) that allow the for-
mulation of workflows by non-IT professionals. Other ap-
plication specific languages have been developed for areas
such as financial products development in banks, electrical
engineering, and 3D animation [31]. Spreadsheets have been
successfully used by non-IT professionals as a means to de-
velop computer support for their working practices [26]. It is
noteworthy that Nardi and Miller report that spreadsheet de-
velopment is a social activity, involving people with varying
degrees of expertise and varying interests [25].

Initial development may either start with a strong vision of the
work processes or with a tool-based approach. This largely
depends on the degree of automation needed for operation.
The system then either has to be reshaped to match actual
practice or automation can be introduced gradually as stable
patterns emerge. Both approaches have their respective ad-
vantages and will be chosen according to situational charac-
teristics. A manufacturer, for example, who relies on automa-
tion of much of the manufacturing process, will start with a
strong vision and adapt it to changing practice: there is sim-
ply no point in running production manually. At the same
time, a bank may decide to start with a tools-based approach
to replace non-computerised practice and move from this to
a workflow-management-like system gradually as working
practice evolves.

Whatever the strategy for initial development of a system, it
has to remain customisable in order to support innofusion
processes. It is obvious that customisable systems need to
be accessible for workers or at least for people who support
them. Our case study, however, has pointed to the need to
modularise large, highly visible systems in order to support
local changes effectively without affecting the whole system.
Such modularisation should be aligned with social relations
such as groups of common practice, as this may dramati-
cally ease negotiations as to who can change what. The re-
formulation of the notion of buildability at ENGINECO was
only possible because the resulting changes affected the as-
sembly control host and not the larger centralised ERP sys-
tem. The practices within the plant changed significantly
without affecting the outside view of such actors as the sales
department or suppliers. Had the systems been more tightly
integrated, the changes might have been impossible.

CONCLUSIONS

We have described processes of development in use in a man-
ufacturing context and pointed to the specific situational as-
pects that enabled these processes. Relating this experience
to existing work in the areas of PD and tailorable systems,
we have argued that conceptions of systems design and de-
velopment should be expanded not only in terms of who the
actors are, but also in terms of how the development process
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is conceptualised. We have introduced the notion of user-led
development as a concept to describe design and development
as a process of social learning.

Referring to the case study, we have discussed the issues of
division of labour and of systems architecture. We found that
user-led development processes depend on:

e adivision of labour that emphasises local initiative,

o procedures for validating local changes and, where benefi-
cial, disseminating them more widely, and

e software and information architectures that allow local chan-
ges to remain local.

Finally, we should not underestimate the difficulties of achiev-
ing user-led development, balancing users’ increased power
to pursue change against the need to meet other objectives
and the avoidance of undesirable side-effects. A number of
issues, whose significance may be subject to sectorial factors
and local contingencies may need to be considered. For ex-
ample, it may be important to keep changes local so as not to
impose too much unwanted change upon other players. More
generally, user-led changes may need to be considered against
possible threats to overall administrative and informational
integrity, and system dependability. Finally, there is the is-
sue of maintainability and the impact that user-led changes
may have on the capacity to exploit upgrades of commodified
software components — i.e., avoiding the perils of the package
paradox, where changes become so extensive that the benefits
of commodified software are lost [3].
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