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research and development. Approaches that explicitly
integrate requirements analysis with the needs of
organisations have started to appear in the
requirements engineering literature [50, 33, 49, 2, 7].
These approaches have focused primarily on new
system development. The issue of how socio-technical
systems adapt to changing requirements in their
organisational context remains less well understood,
even though this form of change is typical. An
organisation’s continuing competitive advantage can
often depend on the response of its business processes
[17] to environmental change and the consequent realignment of its socio-technical systems. The drivers
for change [24, 42] are typically in the environment of
the organisation and can take many forms. For
instance, the adoption of new business models may
change expectations of what services or products
should be provided to customers or expected from
partners in a business supply chain. Business Process
Reengineering (BPR) [17] suggests that, to respond to
change, an organisation needs to understand its
business processes, how to modify them, the
consequences for their installed IT systems and the
constraints such systems impose upon change. Grant
[9] argues further that BPR should also consider other
important aspects of organisations such as
organisational structure, people and communication.
We argue that at least as important as these, is the
consideration that must be given to the organisation’s
business environment, precisely because that is where
the drivers for change reside and where the effects of
change can be best measured. This view is not
dissimilar from the requirements engineering view that
requirements are in the environment of a software
system, and it is in such an environment that the

Abstract
In organisations, competitive advantage is
increasingly reliant on the alignment of sociotechnical systems with business processes. These are
complex and volatile due to the rapid pace of
marketplace change. An organisation’s success
increasingly relies on its adaptability. Within this
changing environment our work aims at developing
tools that encourage an employee driven continuous
process improvement opportunity, when considering
the deployment and use of computing. Our focus is the
analysis and synthesis of change, captured as a
codification of recurrent patterns of change in a
suggested notation of Change Frame Diagram. In this
paper we extend our work by reinforcing with
description, the change context modelled between
‘before’ and ‘after’ change scenarios, and their
comparison. We identify context specific variables that
support reasoning about the context in which change
takes place. We exemplify our approach on a more
complex real-world example than previously, resulting
in a further, potential, Change Frame Diagram.

1. Introduction
The term ‘socio-technical system’ indicates the
complex interrelationships of people and technology
which includes hardware, software, data, physical
surroundings, people, procedures, laws and regulations
[32]. Socio-technical systems are increasingly at the
heart of organisations, supporting their main business
processes. This has created for the software
community in general, and for the requirements
engineering community in particular, a new focus for
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relating requirements to software artefacts and keeping
tracks of changes throughout the software life cycle.
[11] looks at the relation between changing business
goals and the evolution of software architecture. [6]
provides a classification of software requirements
change, [34] a technique to classify software
requirements change, while [36], as well as defining
classes of requirement changes, also prioritises them
according to the potential impact on the software.
Change is also considered in the Viewpoints approach
[35], which expresses consistency relationships
between ‘viewpoints’ (parts or chunks) of a software
specification so that the automated support for
propagation of change becomes possible. Agile
Software Processes (for instance, [18] are claimed able
to deal smoothly with changing requirements. The
presence of an on-site customer means that a
conversation may be had between problem and
solution owners, the low latency having a beneficial
effect in recognising and communicating change.
There are two main aspects which separate our
work from these approaches. The first is the
consideration of social components of a system beside
its technology. The second is the emphasis on an
explicit representation of the context of a sociotechnical system. As already mentioned, we are
reinforcing our work at [3.4] by extending the notation
by capturing the descriptions of the context in which
change takes place. We aim to provide intelligence on
the ‘why’ as well as the ‘what’ in grounding the
change being implemented in its specific
organisational context. This is informed by the work at
[29, 30, 31] in our modelling of the notion of
framework with the mapping of critical variables, but
more about this later.

effects of the introduction of a system are measured.
This view is of course embedded in Problem Frames
[21, 22] and their conceptual basis [12].
The context for our work is the achievement of
competitive advantage by an organisation, through its
deployment and use of computing, and the alignment
of its socio-technical systems to its business-processes
and environmental conditions. Within this changing
environment we aim to develop tools that encourage an
employee driven continuous process improvement
opportunity, when considering the deployment and use
of computing. Our particular focus is the re-alignment
of such systems in the face of change.
This paper represents an extension of our long term
effort described at [3,4]. Here we introduced the notion
of Change Frame Diagram as a pattern that represents
the analysis and synthesis of changes which impact on
an organisation, in the identification and codification
of recurrent change scenarios, and in the application of
codified wisdom to new change problems. The
approach included a process of change analysis from a
current to a changed business situation and their
comparison. It also supported a process of synthesis
through the codification of recurrent patterns of
organizational change, and their application in the face
of new drivers for change. We introduced the notion of
Change Frame Diagram to capture this codification.
In this paper we extend our work by reinforcing the
change context modelled between the ‘before’ and
‘after’ change scenarios and their comparison. We
identify variables that support reasoning about this
change context, and its descriptions, exampling this in
a real world study that results in a potential additional,
Change Frame Diagram.
The paper is structured as follows. Section 2
reviews some related work. Section 3 introduces our
approach to organisational change extended to provide
change context descriptions for reasoning about forces
for change when change is being implemented.
Section 4 applies the approach to a real-world
example. Section 5 exemplifies the abstraction of a
Change Frame Diagram. Finally, Section 6 includes
some reflection on the approach and concludes the
paper.

3. Problem Frames for Change
Problem Frames are a concretization of the ideas of
Michael Jackson and others in the separation of
machine and its environment’s descriptions [5, 12].
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. In that figure world knowledge
W is a description of the relevant environment; R is the
statement of requirements; S is the specification that
mediates between environment and machine; M is the
description of the machine; and P is the program that,
on machine M, implements the specification S. The
concretization of this separation in Problem Frames
notation is given in Figure 2.

2. Related Work
The issue of changing systems in the face of
changing requirements remains a topical issue in
Requirements Engineering. The focus so far, however,
has been primarily on software systems.
The literature on requirements traceability (e.g.,
[23] is concerned primarily with techniques for
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real world that form the context of the solution which
is being sought, together with the description of the
requirement (the changes to the problem context the
solution is supposed to bring about). In change
analysis, however, rather than seeking a new solution
to a problem, we need to gain an understanding of the
context of the required change and identify those parts
of an existing situation that are affected by the change.
Therefore, the process of change analysis is not one of
building a solution, but that of adapting a current
situation to the change [9, 16].
To be able to support such a process, we are
required to consider both before- and after-the-change
situations and how the latter is arrived at from the
former. We do so by taking a problem-oriented
approach inspired by the separation of concerns
embodied in Problem Frames. This is reflected in the
notation we adopt, depicted in Figure 4.

Figure 1: The Requirements Analysis Model

Figure 2: Problem Frames Concretization of the
Requirements Analysis Model
In [13], Hall and Rapanotti proposed an extension to
the framework to allow the design of human
instruction. Foundationally, this means the separation
of the description of the world from that of the human
that is the subject of the design.
The concretization of this extended model in the
Problem Frames is the introduction of a new domain
type, the knowledge domain, to represent the human
for which the instruction K has to be designed. This is
represented in the general socio-technical problem
diagram at Figure 3.

Figure 4. The Change Diagram.
As in Problem Frames, we distinguish three main
component parts: the organisation, the context in
which it operates, and the need the organisation
supports in its context of operation and which is a
focus for change. As in the ‘Problem Frames’ notation,
rectangles represent physical domains. We also adopt
the notation for phenomena, their sharing and their
control (for simplicity, this last element is omitted in
Figure 4). However, there are differences:
• The organisation, taking the place of the
solution, is bounded by a dashed line and is
modelled through a representation of its
constituent domains.
• The satisfied need, taking the place of the
requirement, is represented by a solid oval.
This notation will be used to give diagrammatic
representation of both the before- and after-the-change
situations. An important observation to be made is that
all descriptions related to such diagrams are indicative:
they state how things are, not how they should be. This is a
reflection of the different nature of the process of
change analysis as compared to problem solving.
We also give a new interpretation to the notion of
adequacy (or correctness) argument. In Problem
Frames, this is used to demonstrate that a proposed
solution specification, in the given context, satisfies
the requirement. In our context it is used as a form of

Figure 3: The General ‘Socio-Technical Problem’
Diagram
In the following section we introduce the notation,
derived from that of Problem Frames that we have
adopted and applied in our treatment of change at [4]
Problem Frames are about analyzing and solving
software problems. In a Problem Frames development,
it is typical to begin problem analysis with the
description of the problem context – the domains in the
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system that links both strategic and operational
activities of the organisation. The three contexts of
environment, strategic and operational can contain
different forces for change [24, 39] For example,
environmental forces can stimulate a change response
at the strategic level of an organisation, which can then
be transformed into a change response at the
operational level of the organisation. We have
therefore described the different contexts containing
the forces for change as environmental, strategic and
operational. This is further detailed by adding to the
driver and lever change descriptions at [4] the notion
of enablers and foundations as at [43]. This more
detailed capture and description reflects the need in
organisational change to achieve a congruence of
identified variables [44, 46]. This also contributes to
the provision of a structured framework that captures
the more fine grain detailed descriptions of the change
context being modelled. [43, 49]
Depending on the change context being described
we consider that the drivers, enablers, levers,
foundations (DELF) framework can be considered at
the three levels of environmental, and/or
organisational strategic and/or organisational
operational. They are described as follows [20, 43]:Driver - the force through which the change is
initiated.
Enabler - represents the development of knowledge
and sharing covering structure, culture and
environment.
Lever - the action through which the change is
realised. Covering processes, tacit and explicit
knowledge, measures, hubs and centres and market
leverage.
Foundation - a combination of hard and soft
infrastructure tools and techniques, that determine the
ultimate capacity and capability of an entity to deploy
change. Hard infrastructure equates to the information
communication technology infrastructure and soft
infrastructure relates to the human and organisational
structures, systems and policies.
The DELP is identified on the change diagram by
arrows. The driver arrow identifies where the driver
comes from. The enabler, lever and foundation arrows
identify where they reside in the context where change
is being implemented. In Figure 5 the direction of the
arrows are for illustration purposes only.

validation that current business processes support the
identified need in the given context.
As well as in tools for change analysis, we are
interested in a process of synthesis: given a current
situation and the forces of change that exist in an
organisation’s environment. We aim at developing
tools which offer some guidance, based on past
wisdom, of how change should be effected. In other
words, we aim to define Change Frames for
synthesizing recurrent change situations, akin to the
way basic Problem Frames [22] capture classes of
recurrent software problems and their solution. In the
resulting synthesis process, the progression from the
before to the after-the-change situation is facilitated by
the application of an appropriate Change Frame.
The development of Change Frames, similar to
other patterns development [1], is predicated on the
ability of comparing related pairs of before- and afterthe-change diagrams, and abstracting classes of change
from recurrent observations. The notation we adopt for
synthesis is depicted in Figure 6. Here we have
identified three simple categories of change (change of
behaviour, addition and removal), which can be used
to locate and classify a change that has occurred when
comparing pairs of before- and after-the-change
diagrams. We have also introduced a change
description (dashed oval): this is an optative statement
of what the change is supposed to achieve. In our
previous work [4] we also introduced a change
description (dashed oval) which was related to other
parts of the diagram through descriptions of a driver
and lever for change.
This papers aim develops further, the change
context being modelled, in grounding the descriptions
in their specific organisational context. This includes
descriptions of the ‘why’ as well as the ‘what’ of the
change context being considered. We reinforce with
descriptions the change context modelled between
‘before’ and ‘after’ change scenarios, and their
comparison. In identifying critical variables that
support reasoning about these descriptions the
following has been considered from the literature.
Pettigrew and Whipp [38] with their five central
factors model introduced the notion of framework for
capturing change in organisations. This is supported by
Martin and Meyerson [29] with their framework of
three perspectives. McWhinneys work [31] suggests
an understanding of change through mapping various
realities. This is taken further by McCaskey [30] who
applies it to realities that are important. In considering
what kind of framework would be most effective for
mapping and describing change situations, assessing
the environment is seen as a first step [24] with the
external and internal assessments being integrated in a
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offices in about a dozen other countries. Infosys
accepted that knowledge was a key competitive
differentiator and, given the knowledge intensive
nature of Infosys business, a clear understanding of its
knowledge capital had always been considered
essential.
The before-the-change situation represents the
situation at Infosys before the change initiative. Prior
to 1999, Infosys had believed that the effective
utilization of its knowledge base would be pivotal to
success. In response to this it had made available some
knowledge based IT on its intranet. For example, the
part of the system referred to as the Body of
Knowledge (BOK) which was an organisation wide
repository that made available to its employees,
experiential learning gained through the execution of
software projects.
The after-the-change situation represents the
Infosys design to implement a knowledge management
architecture. This required a more comprehensive
deployment of knowledge management technologies,
that would align the technologies used, and the
organisation’s business processes, with the culture of
the organisation. This was to be accomplished by an
adoption of an organisation wide knowledge
management initiative, in the belief that the:
‘…. knowledge sharing mechanisms that had existed
before, now needed to be synergized under a common
umbrella……where every action was fully enabled by
the power of knowledge…’ [28]
The following analysis of the change was made with
reference to the case study only. The authors have had
no part in the work done in developing the case study,
and have only reverse engineered the change as
described in [28]. To the best of our knowledge,
problem frames were not used in producing any of the
Infosys developments as described in the case study.

Figure 5. Notation for Change Synthesis.
In the next section we perform a change analysis by
applying the tools and notation described in this
section, on a more complex real world example than
previously [4]

4. Change analysis - A Real World
Example
The example, taken from [28], is representative of a
real-world situation, that of Infosys (India) and their
program towards becoming a knowledge sharing
organisation. It represents a more complex real-world
example than previously exampled [4] for reasoning
about the context in which change takes place. Also,
this real world context examples the relating of an
existing situation, to a strategic plan for change (as
apposed to a change that already existed as in previous
work). This provides a different context for the
analysis of our tools and the tracking and traceability
of change in an organisations socio-technical system.
In 1999 Infosys launched an organisation wide
formal knowledge management initiative having
decided that:
‘…all the knowledge sharing mechanisms that existed
until then needed to be synergized under a common
umbrella, with a clearly articulated vision and strategy
for implementation…‘[28]
In the case study Infosys Technologies Ltd is
described as an IT consulting and software services
organisation headquartered in Bangalore India.
Founded in 1981, the company had grown at a
compounded rate of 70% over the last decade.
Structurally the company was significantly Bangalorecentric and it operated globally, with eight
development centres in India, five in North America,
and one in each in the UK, East Asia and Australia. In
this study these are referred to as Infosys Global
Development Offices (IGDO). There were marketing

4.1. Before The Change
The before the change situation is captured in Figure 6.
In the figure, the context is represented by two
domains; the Infosys Global Development Offices
(IGDO), and the Client. There are both electronic (a
‘fledgling’ intranet) and non-electronic communication
links that provide for the exchange of information
between the IGDO’s and the structurally centric
company headquarters at Bangalore. The required need
selected for the purpose of representing the techniques
in this study, is that of the provision by Infosys of
information and knowledge to its IGDO’s.
Structurally the company is Bangalore centric,
which is the location of its Headquarters where the
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Infosys Global Development Offices (IGDO)
represents the global network of Infosys offices and
their need to obtain information from Infosys.
Client - represents the domain of interest for clients
intent on obtaining information from Infosys. Figure 6
includes details of all sets of shared phenomena of
interest based on the notation used in problem frames
[22]. The three component parts of the socio-technical
problem are related through shared phenomena
descriptions, e.g. events, states or commands, which
are represented as links between the domains and the
required need.
For example, in the figure, the Infosys Global
Development Offices require a service (phenomena in
a) from Infosys Operations. This is captured by the
notation as IGDO!a1 . In being shared, the phenomena
are visible to both domains. The provision of that
service is represented by the phenomena description
IO!z1. In the figure the arrow expresses the fact that
the ‘required need’, constrains the phenomena in the
set !a. If the arrow was replaced by a straight line it
would mean that the ‘required need’ only referred to
the phenomena.

Chairman, CEO, COO, and other fulltime members of
the board are based. The dashed line represents the
scope and boundary of all the non-electronic and
electronic domain activities relevant to this real world
study and are represented as follows:Infosys Operations - the operations domain
includes the organisation’s major functions of Finance,
Planning, Marketing, Quality, Human Resources etc.
that receive both electronic and non-electronic requests
for information.
Intranet (Sparsh 1997) – a central information
portal, installed in 1997 and providing access to a
Home page, the BOK, the Virtual Classroom, Email
and the People Knowledge Map.
Knowledge Management IT - the domain
representing the knowledge management technologies
in Infosys in the ‘before the change situation’. These
included the Body of Knowledge with an intellectual
property rights template, the Virtual Classroom with a
discussion forum, Email with a technical bulletin
forum and the People Knowledge Map, with a
knowledge hierarchy.
Employee (Infosys) which represents all staff
interfacing with IT.
The context is represented by the following
domains:-

The table in the figure provides descriptions for the phenomena at each of the domain interfaces.
!a
a1
a2
b
c

require service
require non-electronic service
require electronic service
alert employee
non-electronic information

e.g.
e.g.
e.g.
e.g.
e.g.

d
e

forward request
electronic information

e.g.
e.g.

f

forward request

e.g.

g
h
i
z

electronic information
forward request
electronic information
provide service

e.g.
e.g.
e.g.
e.g.

The provision by Infosys of a knowledge management service.
A Global Development Office request for non-electronic information
A Global Development Office request for electronic information
Infosys Operations alert the employee (Infosys)
The Employee (Infosys) provides non-electronic information to Infosys
Operations
The employee (Infosys) accesses the Intranet
The Intranet(Sparsh 1996) provides information for the Employee
(Infosys)
The Intranet (Sparsh 1996) provides access to the Knowledge
Management IT
Knowledge Management IT provides information to the Intranet
Infosys Operations request access the Intranet
The Intranet(Sparsh1996) provides information to Infosys Operations
Infosys Headquarters provide service to Infosys Global Development
Office and Clients
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z1

provide non-electronic service

e.g.

z2

provide electronic service

e.g.

d2
c2

make request
provide information

e.g.
e.g.

Infosys Operations provide non-electronic information to the Infosys
Global Development Offices
Infosys Global Development Office obtain electronic information from the
Intranet(Sparsh 1996)
The Client makes a request to the Global Development Office
The Global Development Office provides information to the Client

Figure 6. Before The Change Diagram
Infosys Operations - which includes the
organisation’s major functions of Finance, Planning,
Marketing, Quality, Human Resources etc. now has
Intranet (WEB) access to Infosys Global Development
Offices, Clients, and a Knowledge Management Portal.
Intranet (WEB) - linked to the Knowledge
Management Portal developed to include web based
technologies, extensively networked to the Infosys
Global
Development
Offices
via
dedicated
communications to its Clients using the Virtual Private
Network.
Employee (Infosys) now have access to the Intranet
(WEB) and its comprehensive provision of context
specific communications and knowledge.
Virtual Private Network (VPN) links connect the
company’s network to those of clients.
Centralised
and
Decentralized
Knowledge
Management Functions – the location of functional
expertise of well defined central components within a
decentralized
technological
architecture.
The
considerations to be addressed are described in the
case study as Content Architecture, Technology
Architecture, People Architecture and Process
Architecture.
Knowledge Management Portal – providing access
to the Centralised and Decentralised Functions.
The context is represented by the following
domains:Infosys Global Development Offices (IGDO) are
now extensively networked through dedicated
electronic communications that provide access to
clients along with access to the Knowledge
Management Portal.
Client – represents the domain of interest for clients
who now have context specific access to the Infosys
network.
The Internet – providing the context by which
clients can access the Virtual Private Network.
As before, there is a non-computer communication
link maintained that facilitates the exchange of
information between Clients, the Infosys Global
Development Offices and Infosys Operations. Figure
7 represents the ‘after the change’ diagram. There are
consequent changes to the shared phenomena.
(see
table in Figure 7), examples of which are described as
follows:-

The need which is currently satisfied by Infosys is
in its provision of knowledge management information
for the Infosys Global Development Offices as
illustrated in the following examples:‘… when Infosys Global Development Offices
require an electronic service (a2), access to electronic
Knowledge Management IT (f) provides knowledge
information (g) providing the service required (z2)…’
“….when Infosys Global Development Offices
require a non-electronic service (a1) access for nonelectronic information (b) provides non-electronic
information (c) providing the service required (z1)..”
“…..when a client, requires a service (a) they make
a non-computer contact with the Infosys Global
Development Office (d2) that provides the information
(c2), providing the service required (z)…”
As problem frames were not used in the original
development, explicit justification for the correctness
of the before-the-change diagram and its descriptions
cannot be provided.

4.2. After The Change
Figure 7 represents the Infosys strategy to
implement a company wide knowledge management
architecture represented by the Knowledge Portal and
its access to the Centralised and Decentralised
Knowledge Management (KM) Functions. The Infosys
Global Development Offices electronic access to the
Intranet (WEB) now provides access to an integrated
body of organisational knowledge. Clients have
Internet access to the company Intranet (WEB)
through a Virtual Private Network (VPN). The new
Knowledge portal and its access to the Centralized and
Decentralized Functions signifies potential company
wide social and technical changes in the knowledge
role played by the employees. Change could impact on
this employee domain, for example, in the need to
adapt to changing processes and/or the need for
training. The Infosys Headquarters have now deployed
a computer- based architecture for knowledge
management that aligns the specific business context to
the cultural context of the organisation. The domains,
with their changed characteristics, are described as
follows:-
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‘…..when a Client, requires a service using the
Internet (a3) they access the Virtual Private Network
(l)
to obtain context specific information (m)
providing the service required (z3)…’

‘… when Infosys Global Development Offices
require a service (a2), they access the Knowledge
Management Portal (f) to access the Centralized
Functions & Decentralized Functions (j) Knowledge
management information is provided (k) satisfying the
service required (z2)…’

The table in the figure provides descriptions for the phenomena at each of the domain interfaces.

!a
a1
a2
a3
b
c

require service
require non-electronic service
require electronic service
require electronic service
alert employee
non-electronic information

e.g.
e.g.
e.g.
e.g.
e.g.
e.g.

d
e
f
g
h
I
z

forward request
electronic information
forward request
electronic information
forward request
electronic information
provide service

e.g.
e.g.
e.g.
e.g.
e.g.
e.g.
e.g.

z1

provide non-electronic service

e.g.

z2

provide electronic service

e.g.

z3

Provide electronic service

e.g.

d2
c2
n
o
m

make request
provide information
electronic request
electronic access
electronic request

e.g.
e.g.
e.g.
e.g.
e.g.

l

electronic access

e.g.

j

electronic request

e.g.

k

transfer electronic information

e.g.

The provision by Infosys of a knowledge management service
Infosys Global Development Office request for non-electronic information
Infosys Global Development Office request for electronic information
A Client request for electronic information
Infosys Operations alert the employee (Infosys)
The Employee (Infosys) provides non-electronic information to Infosys
Operations
The employee (Infosys) accesses the Intranet(WEB)
The Intranet(WEB) provides information for the Employee (Infosys)
The Intranet (WEB)provides access to the Knowledge Management Portal
Knowledge Management Portal provides information to the Intranet(WEB)
Infosys Operations request access the Intranet(WEB)
The Intranet (WEB) provides information to Infosys Operations
Infosys Headquarters provide service to Infosys Global Development Office
and Clients
Infosys operations provide non-electronic information to the Infosys Global
Development Offices
Infosys Global Development Office obtain electronic information from
Intranet(WEB)
The Client obtaining context specific electronic information from the
Intranet(WEB)
The Client makes a request to the Infosys Global Development Office
The Infosys Global Development Office provides information to the Client
The Internet requests access to the Virtual Private Network
The Intranet(WEB) provides context specific access to the Internet
The Virtual Private Network requests context specific access to the Intranet
(WEB)
The Intranet(WEB) provides context specific access to the Virtual Private
Network
The Knowledge Management Portal provides access to the Centralised &
Decentralized Knowledge Management Functions
The Centralised & Decentralized Knowledge Management Functions transfer
knowledge managed information to the Knowledge Management Portal

Figure 7 – The Problem Diagram After The Change
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procedures. As the socio-technical system changes in
response to various drivers, both social and technical parts
of the organisation may change. [13]. For example, the
Intranet (WEB) domain now provides a new link between
requests for information, and all the organisation’s
centralized and decentralized activities. Here, for example,
there are potential consequent changes required in the
Client domain (e.g. new procedures) and the Employee
(Infosys) domain (e.g.: training)
The optative statement of change is ‘…that an
improvement in Infosys ability to manage its knowledge is
required, in order to codify and commodify knowledge
more advantageously, in its drive for competitive
advantage…’
In providing descriptions of the context in which
change takes place the change diagram, description and
optative statement of change are further supported by
descriptions of the DELF as explained at Figure 5. There
was no reference to the DELF in the case study and the
descriptions included here are abstractions from the case
study the authors have selected to illustrate potential DELF
descriptions in practice. For the purposes of this real world
study, Drivers of change are identified in the
Environmental Context, the Strategic Context and the
Operational Context. The Enablers, Levers, and
Foundation descriptions are abstracted from those aspects
of the case study that impact on the Operational Context
for change, all described as follows:Driver - the force through which the change is initiated,
identified as an environmental driver, strategic driver and
operational driver.
Environmental Driver - the ascendance in the marketplace
of knowledge as a key competitive differentiator.
Strategic Driver – deciding on a policy that has impacted
on the organisation’s approach to the four dimensions of
culture, process, content and technology.
Operational Driver - the implementation of an IT
architecture based on knowledge management.
Enabler – to progress knowledge development and
sharing covering an organisation’s structure, culture and
environment.
A number of knowledge management practices existed predating the company’s formal knowledge management
initiative. Detailed discussions were also completed with
various constituencies within the organisation as part of
the change management programme.
Lever - the action through which the change is realised.
Covering processes, tacit and explicit knowledge,
measures, hubs and centres and market leverage.
Exampled by a network of Delivery Excellence Managers
charged with deploying the change processes in the
software delivery units, and ensuring adherence.

In this after-the-change situation the system still
satisfies the same need to provide a knowledge
management service.
However, the service is now
improved through the provision of electronic access to
company wide additional knowledge management
information. IGDO’s now have access to an Intranet
(WEB) linking to the Knowledge Management Portal with
access to Centralised and Decentralised Functions that
have integrated existing IT with new IT, and provided a
synchronization of the business processes with the culture
of the company.

4.3. Capturing The Change
When making an analysis of the change, a
representation of the before-the-change situation is first
considered, in which a separation between the
organisation, its context, and the satisfied need was
maintained. (Figure 6). A representation of the after-thechange situation was then given, which maintained the
same separation of concerns (Figure 7). Having these two
representations provides an opportunity for the analysis of
the impact of change, in terms of the three component
parts. This is illustrated in the resulting change diagram at
Figure 8.

Figure 8. The Change Diagram
Figure 8 identifies that change has occurred within the
socio-technical system of the Infosys Headquarters. The
organisation wide knowledge management driven redesign
has integrated the existing Infosys IT systems, with its new
knowledge management technologies based on an
alignment of its business processes with the culture of the
organisation. The notation in Figure 8 shows change in
existing and new domains and their interfaces. Note that by
considering Infosys as the provider of a service, the
employee in its socio-technical system is not considered as
a mere user of IT, but as an important component in the
service provision who is, as such, trained to follow certain
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patterns supporting the implementation of change. For
example, when an organisation wishes to implement an
Intranet WEB link to its context and a knowledge
management architecture (as in this real world study) does
the following abstractions of critical variables from the
DELF descriptions provide a potential implementation
pattern for change.
Strategic Driver - deciding on a policy that has impacted
on the organisations approach to the four dimensions of
culture, process, content and technology.
Enabler - A number of knowledge management practices
existed pre-dating the company’s formal knowledge
management initiative.
Lever - Exampled by a network of Delivery Excellence
Managers charged with deploying the change processes in
the software delivery units, and ensuring adherence.

Foundation - The knowledge of the ‘foundations’ is
generally outside the scope of the case study but located in
the existing evolutionary relationship between the
organisation’s socio-technical systems and its business
processes.
The adequacy argument that states why the change is
adequate to the need for change can be expressed as
follows:
‘…When Infosys Global Development Offices require
improved electronic information service, then
they
connect to the WEB Intranet, access the Knowledge
Management Portal, request information from the
Centralised/ Decentralised Knowledge Management
Functions completing the improved service to Infosys
Global Development Offices, hence satisfying the need…’

5. Towards The Capture of Recurrent Change
By taking some inspiration from basic problem frames,
the aim has been a codification of Change Frames as a tool
for synthesis, which by matching a before-the-change
diagram for a particular class of change, would allow it to
be transformed into a corresponding after-the-change
diagram. As such, Change Frames capture the broad
characteristics of the organisation, the context, their
interfaces, the need, and the adequacy argument that states
why the change is adequate to the need for change. This
includes the capture of change descriptions, and the
location of the forces for change and their descriptions
(DELF), both external and internal, with their potential
influences on the social and technical contexts of the sociotechnical system.
As for other types of patterns, methodologically, the
codification of Change Frames can only be achieved
through a process of abstraction of recurrent observations,
illustrated here through the abstraction of a change diagram
of a real-world case study.
Figure 9, based on this real world case study,
exemplifies, with its focus on knowledge management and
alignment, one such possible abstraction. This change
frame provides a potential frame for use by a company,
where organisational change impacts on the following.
Non IT and IT related activities including WEB based
Intranet communications, and the management of its
knowledge. This is illustrated by the Clients context
specific internet connection to the organisation’s network
(VPN) and an alignment of its business processes with its
knowledge management activities. This is exampled here
by the Knowledge Management Portal domain, and the
Centralized and Decentralized Functions domain. Also by
the DELF descriptions identifying the forces for change
and the critical variables describing the context for change.
These reinforce the context for reasoning about the
consequence of change, and the potential for identifying

Figure 9. Towards a Change Frame

6. Discussion and Conclusion
The context for our work is the achievement of
competitive advantage by an organisation through its
deployment and use of computing, and the alignment of its
socio-technical systems to its business-processes and
environmental conditions. This work is focused on the
development of tools that encourage an employee driven
continuous process improvement context that, in
considering the way computing is deployed and used, is
perceived as a ubiquitous opportunity for change. This case
study represents an extension of the work begun in [3,4],
where we modelled a notation which can help in the
analysis of changes which impact on an organisation, in the
identification and codification of recurrent change
scenarios, and in the application of codified wisdom to
new change problems.
The approach has some notable characteristics. In
taking its inspiration from problem frames, it allows for a
separation of concerns between an organisation, its context
and a satisfied need, the representation of the complex
context in which organisations operate, the expression
within a unified notation of both before- and after-the-
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pattern description in the implementation context being
considered; on the process of synthesis by identifying and
codifying recurrent implementation patterns in the context
where change takes place; and, in the design of change
frames when considering their supporting descriptions.
The detailed descriptions of DELF will also support the
further modelling of a notation understandable by
developer/designers and employees, in providing an
effective context for organisations to reason about their
deployment and use of computing. This will include, when
considering the implementation of change, modelling the
traceability and tracking characteristics, when change takes
place over time.
Developing work will focus on change impact analysis,
the development of the concept of Change Frame, and the
identification and validation of a significant number of
patterns for organisational change. The contexts to be
considered include change that occurs through the redesign
of human activity when deploying and extending computer
activity, the alignment of socio-technical systems in
organisations, and the alignment of an organisation’s
socio-technical systems and culture, with their business
process and business model activity .

change situations, and a corresponding adequacy
argument. Also, by allowing the representation of sociotechnical systems, hence the separation of social and
technical parts of an organisation, it makes it possible to
reason about changes which go beyond technology. This is
crucial if organisational change is to be properly
represented.
The approach includes a process of change analysis and
corresponding notation, from a current to a changed
business situation and their comparison. The intent is to
provide intellectual tools for reasoning about the
improvements brought about by the change. The approach
also aims at supporting a process of synthesis through the
codification of recurrent patterns of organisational change,
and their application in the face of new drivers for change.
The notation of Frame Diagram is proposed for the capture
of such patterns.
In this paper, we have extended previous work
exemplified in a more comprehensive exercising of tools
on a more complex real-world example from the literature;
reasoned about the context in which change takes place
through the introduction of the DELF descriptions; and
introduced a potential Change Frame Diagram. Compared
to our work at [4], we have successfully tested our process
for capturing change on a more complex real-world
example. In this case a context for change that required
descriptions when implementing an Intranet (WEB) link to
the context in which the organisation operates, in tandem
with a knowledge management architecture. This also
exampled the relating of an existing situation to a strategic
plan for change (as apposed to a change that already
existed as in previous work). When thinking of the design,
tracking and traceability of change, in an organisation’s
socio-technical system this informs the context in which
our tools can be applied. We have reinforced potential
change frame descriptions by introducing DELF. The
DELF provides the opportunity to describe the ‘why’ as
well as the ‘what’ in providing context specific detailed
descriptions in supporting an understanding and tracking
of the implications of change. The DELF descriptions link,
in implementation terms, the ‘before and after’ change
situations. They provide, with their identification of
context specific critical variables and their description, a
modelling opportunity of the context in which change
takes place. Here the identification of drivers separates
three sources of the forces for change (environment,
strategic, operational) informed by the notion of enablers,
levers and foundations. Descriptions here will codify the
relationship between the forces of change being considered
and the competences and capabilities of the organisation
that are being used to harness them. In completing the
analysis and synthesis of change the DELF descriptions
will inform the implementation of change as follows; on
the impact of implementation on the social components as
well as the technology; on the potential for more fine grain
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