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Abstract. Based on the study of unskilled work in a Danish wastewater treatment plant,
the problem of formalisation of work 1s discussed and extended to technical processes
Five symmetnical levels of dynamics in complex technical work arrangements are
proposed as a tool for understanding the imits of formalisation and for designing formal
constructs in such settings. The analysis 1s based on concepts of heterogenetty,
granularity of goals and motives, and process and structure.

Introduction

An inevitable problem in the design of CSCW systems is that work is not
standing still. Rather, work settings are dynamic: routines evolve over time and
unusual situations force deviations from the routine. For this reason, purely
formal constructs and descriptions of work have proven inadequate when
designing effective, real world CSCW systems.

Suchman and Wynn (1984) set off the debate about the role of formalism in
CSCW, and their empirical studies clearly illustrated that there is more to office
work than formalised, or formalizable, procedures. Heath and Luff (1992)
continue this in their study of work in line control rooms on the London
Underground, showing that even seemingly specialised routine tasks rely on
peripheral awareness and the participation of others. Thus, impossible to subsume
under formal constructs. Bowers et al.'s (1995) study of workflow systems in the
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printing industry demonstrates their inability to encompass and support the actual
course of work. Such systems structure work from without, emphasising inter-
organisational accountability rather than the smooth execution of the work. Thus,
the CSCW commumity has succeeded in questioning our ability to completely
formalise CSCW.

However, as Schmidt (1997) c'orrectly points out, concentrating only on the
non-formalisable parts of work i rgnores the situations in which formalisation can
be a resource and an 1mportant tool .in cooperative work. He suggests that formal
constructs, including written procedures,‘schemes, charts, workflow systems, and
other artefacts, are important ‘artefacts that support CSCW. This 1s particularly
true in the case of complex manufacturing or process plants, where formal
constructs, like blueprints or the physical plant itself, are fundamental features.
Accordingly, Robinson (1989) argues that CSCW applications must support two
levels of interaction, the formal and the cultural. Applications that support one at
the expense of the other tend to fail. ;,

Wastewater treatment plants are highly-distributed technical settings. Unlike
office-work, the plant operates ‘contir\uously, independently of the people
employed there. Unlike control rooms, risk factors are minimal, since most of the
work done at a wastewater plant 1s not time-critical. In addition, formalisation in
wastewater treatment plants both intervenes with the technical aspects of the plant
and of the work. Thus a wastewgten‘treatment plant presents a technically and
procedurally complex system that differs from the work settings typically found
i the CSCW-literature. It is our claim that investigating into the himits of
formalisation and the desrgn of formal constructs in the wastewater treatment
setting will present findings that add to the previous work of formalisation within
CSCwW.

This paper reports on our study of a modern wastewater treatment plant 1n
Denmark. The following section describes the plant and 1ts operation and sets the
scope for our case study. We then look at different theoretical frameworks that
offer ways of analysing the type of work that 18 wastewater treatment. The next
section provides a framework for'idénfifyrng levels of dynamics 1n wastewater
treatment, based on the theoretrcal frameworks discussed. With this, we identify
five symmetrical levels of dynamics’in the case of wastewater treatment plants,
on one hand questioning the general formalisability of technical arrangements, on
the other hand pointing to a framework for understanding the limits of
formalisation in CSCW-design. , [ ;

[

A study of wastewater treatment

The case study is part of a long- torm research cooperation in the areas of HCI and
CSCW 1nvolving Danfoss and the Computer Science Department at Aarhus
University as well as several othef partners. The purpose is to explore the
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theoretical notion and practical design of common information spaces. The
project has focussed on field studies of three wastewater plants, conducted by
researchers from the participating organisations. This paper reports on our
observations of work at one of the plants. We selected 6 days, within a 5-month
period, to follow workers through their entire daily routine. Different researchers
followed different workers, using hand-held video cameras to capture the events.
We later analysed the video, with special emphasis on the daily work practice, use
of artefacts, and how workers dealt with the disruptions. We selected groups of
clips to present to the plant employees during feedback sessions and user
workshops. We also compared the work practices at this site with data collected
by other project researchers at the other wastewater treatment plants.

The wastewater treatment plant

We conducted a study of a modern wastewater treatment plant in Denmark,
paying particular attention to how formalisation and flexibility exist in the work
practices, and how it affects the'coordination of work. The purification process at
the plant includes mechanical, chemical and biological phases. The resulting
segmented sludge is used to produce gas, which produces enough electricity to
run the plant. The remainder is pressed and taken away to an incinerator plant.
The plant was one of the first to implement automatic process optimisation for the
removal of nitrogen. The automation has been possible due to the development of
new sensor technology, which alow for on-line measuring and control of the
primary parameters.of operation. Not surprisingly, the process optimisation has
radically decreased the use of chemicals. The plant has an estimated capacity of
220.000 person equivalents. However, it is constantly running at 110 - 150% over
capacity because the plant has not been able to expand to match the increase in
the city's production of wastewater.

The work

The wastewater treatment plant employs atotal of 8 people. The two managers
are responsible for the overall management of the plant. The remaining six
employees work in pairs, with the following areas of responsibility:

» chemical test lab, receiving the sludge-trucks, preliminary sorting area, sand
trap o :

» outside plant areas, putrefaction tanks, sludge tanks, gas-turbine building,
control room

» dludge press

The three pairs of workers are each responsible for tasks associated with a
specific part of the treatment process. Individual workers may temporarily take on
other tasks, as when someone isill, but the overall division labour is quite stable.



