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Abstract
Within organisations, business processes are increasingly captured and supported through sociotechnical systems, which incorporate both people and technologies. In today’s rapidly changing
marketplace, such business processes are more and more complex and volatile, and so are the
requirements for their supporting systems.
In this paper we consider change in organisations, and proposed novel techniques for the analysis
of changing requirements in socio-technical systems.
Our approach is based on Jackson’s Problem Frames, a well-known framework for the
representation and analysis of software problems. We extend the framework with a notation for the
representation and analysis of change for socio-technical problems.
We illustrate the approach on a case study from a real world situation.
Key Words: changing requirements, business process, problem domain, socio- technical system,
Problem Frames.
1 Introduction.
The knowledge economy [10,26] and its identification of knowledge management as a means to
competitive advantage has accelerated the development of socio-technical systems - that is,
systems which include both social and technological components - to support business processes.
As a consequence, requirements analysis of such systems must address their real world context,
and the activities and business processes through which organisations generate value [17,23].
Approaches that integrate requirements analysis with the needs for organisations have started to
appear in the requirements engineering literature [3,31], although their focus has been primarily on
software.
As today’s businesses operate in a highly volatile often global, marketplace, dealing with change
has also become an imperative, and so is the evolution of business information system [1].
Dealing with change in business processes and its impact on socio-technical requirements is the
focus of this paper.
The main contribution of this paper is an approach to the representation and analysis of change in
socio-technical systems in the context of organisations. The approach is based on Jackson’s
Problem Frames [16], and their extension to socio-technical systems in [13]. Features of the
approach include a notation for the representation of change and the transition between the current
situation and the changed situation within an organisation. The approach is exemplified on a realworld case study.
The paper is structured as follows. Section 2 reviews the motivation for the work and some related
contributions in the literature. Section 3 gives an outline of the approach and its background.
Section 4 applies the approach to the case study. Finally, Section 5 includes some reflection on the
approach and concludes the paper.
2 Motivation and related work
Pre-1990, organisations achieved their competitive advantage by marketplace differentiation [25]
(e.g., by offering competitive prices or quality for their products or services). The onset of the
knowledge economy [10,26] in the early 90s, made marketplace differentiation more difficult to
achieve, as information about competitors become more easily and quickly accessible through
technology. Prusak [26] noted that “the only thing that gives an organisation competitive advantage the only thing that is sustainable - is what it knows, how it uses what it knows, and how fast it can
know something new”. However, following the re-engineering of organisations in the 1980’s and
1990’s [14] (e.g., through downsizing, de-layering or outsourcing), organisations have lost some of
their ‘corporate memory’ (e.g., what employees who had left knew but was not codified), making the
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development of technology to support their knowledge management strategies more complex [10].
Inevitably, technology has also increased the pace of change in organisations.
In response, software systems have been designed for organisational management, that manipulate
data, information and knowledge, with a shift from what was traditionally human activity to computer
activity. This created for the software community a focus on both the development of knowledge
representation [9,18,21,30] and the need to accommodate `evolution over time’ of requirements
[17,23] reflecting the changing real world context.
Within the software engineering literature, the issue of change has been considered mainly in
relation to software, rather than its wider socio-technical context. Among the notable contributions
from the literature on software maintenance and evolution [19] are, for instance, classifications of
software change [7] or management techniques for increasing software flexibility in the face of
possible future software changes [2,4]. The requirements engineering literature has also addressed
primarily software requirements [17]. Contributions include, for instance, classification of
requirements change [22] or the relation between changing business goals and the evolution of
software architecture [12].
Approaches that look at change in organisations and the impact on wider socio-technical
requirements are lacking from the literature. It is in this area of research that we position our work.
3 Representing change for socio-technical systems
Our approach is based on Jackson’s Problem Frames [16] and the extension of [13]. In this section,
we briefly recall the basics of Problem Frames, and summarise the elements of our approach.
3.1 Background
Problem Frames [16] are a framework for the representation, classification and analysis of software
problems. (A thorough introduction to Problem Frames is beyond the scope of this paper, and can
be found in [16].)
Problem Frames are a concretisation of the ideas of Michael Jackson and others in the separation
of the machine and its software (the solution) and its environment’s descriptions and requirements
(the problem) [16]. This separation is generally accepted as being a useful principle for
requirements analysis. The usual representation of the separation of machine and environment
descriptions is as the ‘two ellipse’ model, illustrated in Figure 1.

Figure 1. The requirements analysis model
In Figure 1 world knowledge W is a description of the relevant environment; R is the statement of
requirements; S is the specification that mediates between problem and solution; M is the
description of the machine; and P is the program that, on machine M, implements the specification
S.
This separation is made concrete in Problem Frames through the notation of problem diagram,
illustrated in Figure 2. Here a software problem is seen as that of specifying a machine (the machine
domain, a rectangle marked by a double bar on the left-hand side), in a given world context
description (the real-world domain, a rectangle), which brings about some required behaviour (the
requirement, a dotted oval). The links between domains represent their interfaces in terms of shared
phenomena (e.g., states, events or commands). The requirement is expressed in terms of some
real-world phenomena (b in the figure), while the machine specification in terms of phenomena that
the machine shares with its environment (a in the figure).
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Figure 2. Basic Problem Frames notation for software problems
Note that the development process assumed by the model is one from the world ellipse (where the
problem is) to the machine ellipse (where the solution is), as illustrated by the arrow in Figure 3.

Figure 3. The development process
In [13], Hall and Rapanotti propose an extension to Problem Frames for the specification of sociotechnical systems. The extension allows the design of human instruction to be the subject of the
requirements engineering process addressed through Problem Frames alongside that of the
machine domain. Foundationally, this means the separation of the description of the world from that
of the human that is the subject of design. This leads to the reification of the original ellipse model
shown in Figure 4. In it we have three ellipses – the original two, plus that for the human H with
knowledge K.

Figure 4. The socio-technical requirements analysis model
With the introduction of the human H, two new areas are identified, which now form explicit foci for
design:
•

the specification UI, anonymous in the S region in the original model, which determines the
Human-Machine interface; and
• the specification I, missing from the original model, which determines the interaction that is
expected of the human as a component of the socio-technical system.
The concretisation of this extended model in Problem Frames is the introduction of a new domain
type (see Figure 5), the knowledge domain (a rectangle with a double bar on the right-hand side), to
represent the human for which instruction K has to be designed.
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Figure 5. Extended Problem Frames notation for socio-technical problems
A solution to a socio-technical problem is then specified through the specification of both the
machine and knowledge domains. The resulting development process, indicated through the arrows
in Figure 6, proceeds from the world ellipse (where the problem is) to both the social and technical
ellipses (where the two parts of the solution are); the social part of the solution is considered first, as
this may impose further constraints on the design of technology.

Figure 6. The development process
3.2 Outline of the approach
In this paper, we give an interpretation of the socio-technical model in the context of organisations
with the aim of capturing changing requirements. Figure 7 illustrates this interpretation, where the
human and the machine are identified with the employees and IT system of an organisation,
respectively, while the world is the organisation’s context of operation. Within this interpretation, we
will locate change (the ∆ in the figure) and explore the effect of change in terms of the development
process (the arrows in the figure).

Figure 7. An interpretation of the 3-ellipse model for organisations
In Problem Frames notation, this interpretation gives rise to the generic diagram of Figure 8.
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Figure 8. Extended Problem Frames notation for organisational problems
Given this interpretation, we follow the process outlined in Figure 9 for the analysis of change.

Figure 9. The change analysis process
We first capture in Problem Frames notation the current situation within the organisation (the
dashed arrows in the figure). This includes the identification of the requirement which is satisfied by
the current socio-technical system, together with a representation of the real-world context and the
current solution. We represent this through the Problem Frames notation of problem diagrams, for
which we also provide a correctness argument.
We then identify how the problem and its solution may change. To this end, we propose the notation
of change problem diagram, as a new notation within Problem Frames, for the representation and
analysis of change in problem and solution.
Finally, we represent the effect of change as a new problem and solution pair, again using the
Problem Frames notation of problem diagrams, and reapply the correctness argument [16].
4 The Case Study
The case study is taken from [32]. Here, a major global investment bank makes use of an
intermediary to handle the settlements of its customers’ transactions. In turn, the intermediary, a
third-party organisation, makes use of CREST, a multi-currency electronic settlement system for UK
securities. Communication between the bank and the intermediary is through the bank’s employees,
who record customers’ requests and transfer the information by phone to the intermediary.
Due to increased trading volume, the bank seeks cost reduction through the elimination of the
intermediary, and direct access to CREST. Through this change, the bank also aims at an improved
service through customers being able to trade closer to the exchange closing time, and at an
increased market credibility, as a direct participant in the UK settlement process.
4.1 Before the Change
A representation of the current situation in Problem Frames is given in the problem diagram of
Figure 10. This represents the problem of handling customers’ transactions through an intermediary,
which in turns makes use of CREST to settle the transactions. In the figure, the problem context is
given by the following domains and their interfaces:
• the Customer domain represents a customer of the bank;
• the Intermediary domain represents the intermediary organisation; and
• the CREST domain, represent the electronic settlement system.
The solution is a socio-technical system including the bank’s IT system and employees. The Bank
employees deal directly with customers and the intermediary in order to settle transactions. For
brevity, we have omitted all shared phenomena.
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Figure 10. The problem diagram for the current situation
That the current solution satisfies the requirement is the subject of the correctness argument
illustrated in Figure 11 (the argument should be followed as indicated by the numbers in the figure).

Figure 11. The correctness argument
4.2 Analysing Change – the transition
As already mentioned, the bank seeks cost reduction through the elimination of the intermediary,
and direct access to CREST. In order to analyse the impact of such a change on the current
situation, we generate from the problem diagram in Figure 10, the change problem diagram of
Figure 13, in which the impact of change is highlighted. In particular, in the figure:
•
•

the removal of the Intermediary domain and its interfaces is represented by dotted lines;
changes or additions in the remaining parts of the diagram are marked by a ∆.
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The changes indicate that: the Bank IT system has to be modified in order to interface CREST
directly and to allow a bank employee to enter details of customers’ transactions; and that the bank
employee on receiving requests from a customer, must enter the information in the bank IT system,
so that the transactions can be processed automatically.

Figure 11. Change problem diagram

4.3 After the change
Following the application of the changes discussed in Section 4.2, we can generate the problem
diagram of Figure 12 which gives the new socio-technical solution in the face of the new
requirement and context.

Figure 12. Problem diagram after the change
The correctness of the new socio-technical solution can then be argued through the correctness
argument of Figure 13. This can be derived from that of the original problem (see Figure 11) by
taking into consideration the changes to the socio-technical solution specification discussed in
Section 4.2.
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Figure 13. Correctness argument for the new situation

5 Discussion and conclusion
Socio-technical systems are increasingly at the heart of business organisations, supporting their main
business processes. Yet, although the high pace of change in today’s businesses, a comprehensive
approach to dealing with change in organisations and the impact on their socio-technical systems is
lacking from the literature.
In this paper we have made a first step towards addressing this issue, by proposing an approach for
analysing change which is based on (extensions of) Jackson’s Problem Frames. The approach has
some notable characteristics. It allows for: the expression within a unified framework, of both
requirements and solution specifications, and correctness statements to argue their consistency; the
representation of the complex domains in which the socio-technical system operate; and the separation
of social and technical parts of the solution. This is achieved through the Problem Frames notation of
problem diagrams extended to socio-technical systems. It allows for the representation and analysis of
change in socio-technical problems, through the new notation of change problem diagram, where
change can be attributed to the separate parts of a socio-technical problem, that is its requirement,
context and solution. Importantly, it includes a process for change analysis that leads from a current to a
changed business situation through intermediate socio-technical problems and corresponding
correctness arguments.
The approach was exemplified in this paper on a real-world case study, as a first validation of its
potential in capturing change in real-world business problems.
Future work will take the approach forward in many directions. First of all, a more abstract codification of
the change analysis process will be provided. Akin to the way Problem Frames classify software
problems (see [16] for the codification of five such basic problems), we envisage a classification of
problem changes. For instance, the cost reduction problem tackled in the case study can be seen as an
instance of a more general cost reduction change where human operations within an organisation are
automated - this, we know from the literature, is a very common occurrence in business. The separation
of requirement, context and solution allows us to locate the different parts of the problem where change
may originate. For instance, in the case study we have considered the case in which change is
originated in the requirement. In general, changes which originate from the problem context or even the
solution are also possible: for instance in our case study, a more competitive settlement system may
become available; or the bank may needs to downsize its operation and reduce personnel. Hence, we
envisage a finer grain taxonomy of change, and a corresponding specialisation of the analysis process.
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Finally, the example in the paper, although derived from a real-world problem, still constitutes a limited
validation of the approach. We will aim at a further application of the techniques to larger real-world
problems and a more extensive and systematic validation of the work.
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