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Abstract. We argue that socio-technical systems can be understood as complex 
adaptive systems, that is, systems containing component sub-systems interacting such 
that they co-evolve This viewpoint may allow us to understand more clearly the factors 
that underlie the complexities of socio-technical systems, and allows for a new approach 
to systems design predicated on unpredictable adaptive processes. System designers, 
we argue, need to seek to understand the underlying structures, drivers and nature of 
change within the system and of the system as a whole This paper presents an outline 
of the complexity mechanisms that operate within socio-technical systems, and illustrates 
the concepts and system design implications by way of a case. 

Introduction 

The challenge of CSCW is the challenge of designing better socio-technical 
systems' systems that involve a mixture of humans and machines such that the 
components cannot be separated, or are thought to be inappropriate to separate 
(OUP, 1996). Such systems have proven to be enormously difficult to understand 
and design (Grudin, 1988, 1994). There are many reasons for this Understanding 
and designing for such systems is a wicked problem (Rittel et al., 1973), and the 
work and activities earned out in such a system are highly contingent and 
emergent (Seely Brown et al., 2000; Suchman, 1987). However, as Rodden and 
Blair (1991) pointed out, computer-based systems require some regularities as the 
basis from which computer systems can be built. 

It's therefore useful to look for alternate ways of understanding socio-technical 
systems in the belief that this will lead to better perspectives from which to 
provide computer-based support The particular perspective we adopt here is that 
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socio-technical systems are part of the larger set of systems known as 'complex 
adaptive systems' (Axelrod et al., 1999). This is an evolutionary perspective, 
which argues that systems grow by processes of variation, interaction and 
selection. The problem is complicated by the fact that we are dealing invariably 
with multiple, interacting systems. Therefore we also need to consider concepts 
of co-evolution (several systems influencing each other's evolutionary paths) and 
self-organization (how new systems grow out from old). It is also important to 
take appropriate account of the role of time in evolution, as the rate of evolution is 
different for (parts of) different systems, and this, too, can have a profound effect. 

From this we distil a systems-oriented view of CSCW systems design. This 
view extends our prior work on1 aspect-oriented approaches to systems 
understanding and design (Fitzpatnck, 1998; Fitzpatnck et al., 1995; Fitzpatnck 
et al., 1996; Kaplan et al , 1997), and provides a foundation for captunng and 
reusing useful 'design tricks' (Dennett, 1995) based on the concept of pattern 
languages (Alexander, 1979; Alexander et al., 1977). 

We begin the paper with a case study, and then introduce the notion of 
complex adaptive systems, ideas of co-evolution and self-organization in complex 
systems, and discuss the role of time in complex systems evolution. We argue for 
our perspective on systems design, reflecting on the case study before concluding. 

Case 

To illustrate the points we will make below, we introduce here a case study: the 
growth and evolution of the University's IT systems over more than 35 years 
The case is based on the personal recollections of staff involved in the changes 
described, documentation and the personal experience of the authors. One point to 
note is that while many reports of field study in the CSCW field focus on small 
details in work practice, systems thinking tends to focus more on big picture 
issues, thereby complementing other forms of study 

In the 1960s scattered groups of. researchers developed, or gained access to, 
small computing systems for specific research or teaching activities. In the late 
1960s the University assisted the engineering department to purchase a large 
system, on which it was allowed to bill out excess capacity As this usage grew, 
the computer group spun out into a separate Computing Centre. Discontent with 
the service provided by the Centre - including their lack of understanding of other 
work environments and needs, and subsequent non-responsiveness - led to other 
units within the university seeking their own technology solutions. Over the 
subsequent two decades, no fewer than five formal independent IT organizations 
and systems were established within the university: the original Computing 
Centre, the library, student administration, finance; and human resources 
Consequently, the university had five stand-alone corporate systems, each staffed 
separately, using three different database technologies and two different operating 
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systems. All these systems could not interoperate. There were also a myriad of 
systems of varying size, capability and interoperability to be found in academic 
departments and research programs, and a complex web of social and personal 
interactions that supported the sharing of information, war stones and warnings 
among the technical support staffs that grew up in each group 

In the late 1990s resource constraints, the impossibility of any further 
evolution of the existing corporate systems due to technology constraints, and the 
need to take account of the Internet, led organizational units to seek a massive 
shift in information technologies. A 1998 report signalled the deliberate 
centralization of backbone and corporate support under a revamped Computing 
Centre, renamed Computing Information Services (CIS), and a higher IT 
management profile in the university, with key executives appointed responsible 
for CIS and the Library. The looming Y2K problem was frequently employed as 
a justification for rapid shifts in technology. Since 1998, corporate email, the 
student administration system and shortly the human resource system will have 
been completely rebuilt and migrated to centralized control under CIS. 

The individual corporate systems have their own histories. The student 
administration system is typical. The initial student system was built m-house and 
evolved over two decades. It was highly restrictive, running on a mainframe, 
could support only a very limited number of concurrent users, and could not 
interoperate with other systems. This encouraged the growth of separate faculty, 
departmental and even course-based records to ensure redundancy and access for 
non-central staff, in spite of the associated expense. (Exactly the same occurs for 
finance records within departments.) In the late 1990s, the student system was 
given a facelift, with a simple web-based interface and shadow database to allow 
limited access to information by students. All this software was written and 
maintained by a small technical support staff in the administrative services area. 

After the 1998 report recommending centralization, the University decided to 
move to a COTS-based student record system, called s2000, and hired the same 
company that had successfully developed and installed this system in another 
major Australian university. The s2000 system has forced profound changes to 
the university's business processes and systems. These have included subject and 
degree restructuring, and significant procedural changes throughout the 
University. While such change has been difficult, universal access to a single 
source of student information is now possible, eliminating the need for much 
duplication, and students can now access their records, and enrol online. 
Managing the system is beyond the expertise available in the administrative 
directorate. The adoption of s2000, then, generated greater impetus to the 
centralization of services under CIS as well as changes to the University's way of 
doing business, the ramifications of which are not yet understood. 

An unexpected side effect of this change has been a shift in the role of CIS. 
From being the major provider of student computing it has shifted to back-office, 


