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This thesis studies the life cycle of information systems (IS) from an
organizational perspective. It states that the life cycle of an IS, as a sociotechnical system, is cyclical rather than linear. Within this cyclic view, the IS is
renewed at certain intervals in order to stay aligned with organizational needs.
An information system is a sum of social and technical elements. Misalignment
between the elements creates pressure for change. When one of the elements
changes the others adapt. The renewal of the technical element of an IS, i.e. the
IT artefact, is labour-intensive and expensive. Consequently, the related
decisions have to be well justified. Renewal triggers provide indication of the
motive and criticality of the need for change. Benefit evaluation aims at
ensuring that the renewal effort yields benefits and is worth the investment of
organizational resources. Correct timing tackles with finding a time period
during which the IT artefact renewal causes minimum hindrance for the
organization's operation, and defining the suitable frequency of renewal
projects. Together these three aspects determine the IT artefact renewal.

Keywords: Information system, IT artefact, life cycle, IT management

Author’s address

Irja Kankaanpää
University of Jyväskylä
Dept. of Computer Science and Information Systems
P.O. Box 35 (Agora)
40014 University of Jyväskylä, Finland
irja.k.kankaanpaa@jyu.fi

Supervisors

Professor Samuli Pekkola
Institute of Business Information Management
Tampere University of Technology
Professor Pasi Tyrväinen
Dept. of Computer Science and Information Systems
University of Jyväskylä
Professor Jarmo J. Ahonen
Department of Computer Science
University of Kuopio

Reviewers

Professor Mike Newman
Manchester Business School
The University of Manchester, UK
Professor Steve Sawyer
School of Information Studies
Syracuse University, U.S.A

Opponent

Professor Matti Rossi
School of Economics
Aalto University, Finland

ACKNOWLEDGEMENTS
I want to give my deepest thanks to professor Samuli Pekkola, professor Pasi
Tyrväinen and professon Jarmo J. Ahonen who have directed this thesis. I am
grateful to Janne Lepistö whose words gave motivation and inspiration for the
thesis in the first place. I want to express my gratitude to COMAS,
Liikesivistysrahasto and the rector of University of Jyväskylä for the financial
support they granted for the work with the thesis. I also want to thank David
Agar for his patience and support in navigating through the challenges that
emerged during the research process. I want to thank Tero Tilus, Henna Sivula
Lahtonen, Päivi Juutilainen, Jussi Koskinen and Heikki Lintinen for their
comments and joint work. I also want to thank Petri Maaranen for his help and
ideas during the research process. I want to thank the coffee room people of
information systems and computer science department, particularly Maritta
Pirhonen, Liisa Kuparinen and Mirja Pulkkinen for the discussions and support
along the process of writing the introduction of the thesis.
In Jyväskylä 24.11.2011
Irja Kankaanpää

FIGURES
FIGURE 1 IS life cycle (adapted from Alter 2008a)................................................. 12
FIGURE 2 Leavitt’s (1965, p. 1145) socio-technical model ..................................... 17
FIGURE 3 The work system framework (Alter 2008a, p. 461) .............................. 17
FIGURE 4 Information system and IT artefact in the work system framework 19
FIGURE 5 IS change (adapted from Lyytinen and Newman 2008). .................... 22
FIGURE 6 The taxonomy of IT artefact evolution .................................................. 24
FIGURE 7 Software evolution (Seacord et al. 2003, p. 8) ....................................... 24
FIGURE 8 ISD life cycle .............................................................................................. 26
FIGURE 9 The ERP life cycle framework ................................................................. 26
FIGURE 10 The Work System Life Cycle (Alter 2008a, p. 467) ............................. 27
FIGURE 11 Upgrade decision model (Khoo and Robey 2007, p. 563). ................ 29
FIGURE 12 IS elements and their life cycles. ........................................................... 38
FIGURE 13 The research process............................................................................... 40
FIGURE 14 The research methodology .................................................................... 43
FIGURE 15 The research construct with the related articles. ................................ 54
FIGURE 16 Linear life stages and life time of IT artefact ....................................... 57
FIGURE 17 Process-integrated IS life cycle .............................................................. 58
FIGURE 18 Decision making of IT artefact evolution ............................................ 59
FIGURE 19 The interrelation of the IT artefact renewal determinants ................ 67
FIGURE 20 The ISLC life cycle .................................................................................. 69

TABLES
TABLE 1 The change orders of evolution ................................................................ 23
TABLE 2 ERP system upgrade triggers .................................................................... 30
TABLE 3 The included papers and the research questions ................................... 55
TABLE 4 The IS and IT artefact life cycle views...................................................... 58
TABLE 5 Summary of the IT artefact renewal determinants ................................ 60
TABLE 6 The revised names of the IS life cycle model .......................................... 70

LIST OF INCLUDED ARTICLES
1. Kankaanpää, I. and Pekkola, S. (2011) The life of information systems.
Manuscript, University of Jyväskylä. Submitted to Journal of Information
Technology Theory and Application (JITTA).
2. Kankaanpää, I. (2010) Information system’s life cycle: Interpretative study
on CIO perceptions. Submitted to Scandinavian Journal of Information
Systems (SJIS) 6.7.2011.
3. Kankaanpää I., Tiihonen P., Ahonen J. J., Koskinen J., Tilus T., and Sivula H.
(2007) Legacy System Evolution – A Comparative Study of Modernisation
and Replacement Initiation Factors. In A. Costa, V. Duarte, B. Encarnação, L.
Marques and V. Pedrosa (Eds.) the Proceedings of the Ninth International
Conference on Enterprise Information Systems (ICEIS 2007), DISI (pp. 280287), DISI, Madeira: INSTICC.
4. Kankaanpää I. and Pekkola S. (2010) Timing the information system
upgrade. In P. M. Alexander, M. Turpin and J. P. van Deventer (Eds.) the
proceedings of the 18th European Conference on Information Systems
(ECIS2010) (pp. 1545-1557). Pretoria: University of Pretoria.
5. Kankaanpää I., Koskinen J., Tilus T., Sivula H., Lintinen H. and Ahonen J. J.
(2007) IS Evolution Benefit Assessment - Challenges with Economic
Investment Criteria. In W. Abramowicz and H. C. Mayr (Eds.) Technologies
for Business Information Systems (pp. 183-191). Netherlands: Springer.
6. Kankaanpää I., Sivula H., Ahonen J. J., Tilus T., Koskinen J. and Juutilainen
P. (2005) ISEBA – A Framework for IS Evolution Benefit Assessment. In D.
Remenyi (Ed.) the Proceedings of the 12th European Conference on
Information Technology Evaluation (ECITE 2005) (pp. 255-264), UK:
Academic Conferences.

CONTENTS
ABSTRACT
ACKNOWLEDGEMENTS
FIGURES AND TABLES
LIST OF INCLUDED ARTICLES
CONTENTS
1

INTRODUCTION .............................................................................................. 11

2

THEORETICAL BACKGROUND ................................................................... 16
2.1 Information system and IT artefact .........................................................16
2.2 Information system change ......................................................................19
2.3 IT artefact evolution .................................................................................. 22
2.4 Life cycle models........................................................................................26
2.5 IT artefact renewal triggers ......................................................................29
2.6 The timing of IT artefact renewal ............................................................31
2.7 IT artefact renewal benefit assessment ...................................................32

3

RESEARCH METHODOLOGY ....................................................................... 36
3.1 The research objective and questions .....................................................36
3.2 The research scope ..................................................................................... 37
3.3 The research process.................................................................................. 39
3.4 The research approach and methods ......................................................42
3.5 The validity of the research ...................................................................... 44

4

INCLUDED PAPERS ......................................................................................... 47
4.1 Paper 1: The Life Cycle of Information Systems ..................................47
4.2 Paper 2: Information system’s life cycle: Interpretative study on CIO
perceptions.................................................................................................. 48
4.3 Paper 3: Legacy system evolution – A comparative study of
modernization and replacement initiation factors................................49
4.4 Paper 4: Timing the information system upgrade ................................50
4.5 Paper 5: IS Evolution Benefit Assessment – Challenges with
Economic Investment Criteria ................................................................. 51
4.6 Paper 6: ISEBA – A Framework for IS Evolution Benefit Assessment52
4.7 The interrelationship between the papers.............................................. 53

5

DISCUSSION OF THE RESULTS .................................................................... 56
5.1 IS life cycle from organizational perspective .........................................56
5.2 The determinants of IT artefact renewal ................................................59
5.3 Contributions.............................................................................................. 62

6

CONCLUSIONS, LIMITATIONS AND FUTURE RESEARCH .................. 66
6.1 Conclusions ................................................................................................ 66
6.2 Limitations ..................................................................................................67
6.3 Directions for future research ..................................................................69
6.4 Reflections ...................................................................................................70

YHTEENVETO (FINNISH SUMMARY)……………………………………...……71
REFERENCES............................................................................................................... 73
ORIGINAL PAPERS

1

INTRODUCTION

The life cycle metaphor has been used in information systems (IS) field to
describe the development stages of information systems (ISD) (Avison and
Fitzgerald 2008) and the software development life cycle (SDLC) (Kazman,
Nord and Klein 2003, Sen and Zheng 2007, Davis, Bersoff and Comer 1988).
However, these development models are inadequate for capturing the IS life
cycle from organizational point of view (Sawyer 2001) as they fail to engage
organizational change with the software change (McGann and Lyytinen 2008).
This is also the problem with acquisition centred models even though they
incorporate organization’s perspective (see e.g. Esteves and Pastor 1999,
Markus and Tanis 2000, Chang, Yen, Huang and Hung 2008) but ignore the
iterative nature of change in IS life cycle (Lyytinen and Newman 2008, p. 289):
“A majority of change studies treat the change as a simple, linear progression where
a new (technical) system is designed, adopted, and modified in step-wise manner.”

Consequently, there is a need within IS discipline for wider perspective on IS
change that engages software change with organizational change (McGann and
Lyytinen 2008).
A more holistic approach can be found in the work system life cycle
(WSLC) model (Alter 2001). The work system is a general representation of a
system that produces goods or services, e.g. a system that produces horse shoes.
Information system is one representation of work systems where the products
are information in one form or another (Alter 2001), e.g. a reimbursement
system of an insurance company or tracking system for package delivery (Alter
2002). Often, an information system is a part of non-IS work systems, where its
purpose is to support one of more of such systems (Alter 2002).
WSLC model pertains that systems are continuously changing and that
the changes in them follow certain stages in a certain order. The phases of
WSLD include operation and maintenance, initiation, development and
implementation (Alter 2008a) (see FIGURE 1).
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FIGURE 1

IS life cycle (adapted from Alter 2008a)

WSLD is a framework within which the IS evolves. According to the WSLC
model the IS life cycle consists of periods of punctuated change, i.e. initiation,
development and implementation of a new or renewed system, and stable
periods during which the fundamental structures of the work system are not
changed, i.e. operation and maintenance phase. A new punctuation is initiated
when there is a need for a major change of the work system (Alter 2008a).
WSLC model differs from ISD models and other linear life cycle models in that
it recognizes activities after the development project and incorporates the aspect
of continuous evolution. IT also views the IS life from organizational
perspective. Organization is defined as an organization that utilizes the IS in its
operations. The variety of IS life cycle definitions and the attractiveness of
WSLC led to the formulation of the first tentative research question:
“What is the life cycle of an IS from organizational point of view?”
Well managed evolution is a precondition for enterprise system (ES) success
(Markus and Tanis 2000). The importance of software evolution as the means
for continuous and progressive change (Lehman and Ramil 2003) has been
widely recognized in software engineering (see e.g. Adolph 1996, Boehm 1988,
Bennett 1994, Bennett and Rajlich 2000). IT artefacts evolve by means of
maintenance and renewal. IT artefact renewal is an episodically occurring
(Lyytinen and Newman 2008), planned effort (Alter 2008a) to shift the system
on a higher service level. Renewal is a mechanism through which an IT artefact
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changes in order to comply with the changing requirements of an organization.
The renewal alternatives include system upgrading and modernization, the
former typically dealing with packaged systems (see Seacord, Plakosh and
Lewis 2003) and the latter with legacy systems (see Bennett 1994). Replacement
occurs when the existing system has decayed beyond saving with the
aforementioned methods and the old system is replaced with a new system
(Seacord et al. 2003).
IT artefact renewal differs from the acquisition of a new system in the
following terms: 1) the organization is familiar with the system (Olson and
Zhao 2007), 2) the choices of the past define path dependency which influences
the choices of the future (Lyytinen and Newman 2008), 3) the costs and benefits
are lower than of new IT investments (Mukherji, Rajagopalan and Tanniru 2006)
and 4) the customer has a long-term business-relation with the system vendor
(Verville, Bernadas and Halingten 2005, Markus and Tanis 2000). Renewal is
necessary in order to keep the IT artefact in compliance with the organization’s
needs and take advantage of technological opportunities (Mukherji et al. 2006),
maintain IT aligned with business (Antikainen and Pekkola 2009) and to avoid
misfits between the IT and organization (Strong and Volkoff 2010).
The decision making that starts a new cycle is particularly interesting
because it provides a point of continuation between evolutionary cycles. The
beginning of a new cycle is preceded by decision making: to continue the
system use and maintenance as-is, to terminate the system or to initiate a major
revision (Alter 2001). The last alternative starts a cycle. During the decision
making process, the feasibility of the different evolution options are assessed.
This includes benefit evaluation and assessment of the best possible timing.
IT artefact renewal investment means putting resources into an effort that
aims at renewing the current IT artefact and maintaining or raisin the quality of
IT services by upgrading or replacing outdated systems (Ross and Beath 2002).
The owner of the renewal investments is the chief information officer (CIO)
(Varghese 2003). The strategic objective of IT renewal investments varies
between short-term profitability and long-term growth while their technology
scope is mainly focused on shared infrastructure (Ross and Beath 2002). IT
artefact renewals are significant investments for organizations. A business case
description enables the prioritization between evolution alternatives and
provides indication how the expected benefits will be realized (Peppard, Ward
and Daniel 2007). According to Ward, Daniel and Peppard (2008) an IT business
case consists of:
•
•
•

Business drivers – what triggers the need for change in form of the
proposed investment?
Investment objectives – what are the intended achievements, the goal, of
the investment?
Benefits – what are the expected benefits of the proposed investments
after all the objectives are met? Who are the benefit owners? On what
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•
•

level the benefits occur (individual, group, organizational)? How are the
expected benefits measured?
Project costs – what are the costs of the proposed investment (including
purchases, development, infrastructure, business change and on-going
costs)?
Risks – what are the risks (technical, financial, business and
organizational) that could prevent the realization of the expected benefits?

According to Ward et al. (2008) business drivers define the investment
objectives, which in turn originate the expected benefits. This led to the second
tentative research question:
“What are the determinants for IT artefact renewal decision?”
In order to investigate the conditions leading to IT artefact renewal decision,
three topics are subjected under further study: IT renewal triggers, timing and
benefits. A trigger is defined here as a condition or factor that indicates a need
for change of the IT artefact. A benefit signifies the utility received from a change
of the IT artefact. Timing refers to the selection of an appropriate moment to
conduct the desired change. An analysis of these determinants provides
information for the decision making on IT artefact renewal. Of these three,
timing is not explicitly included in a traditional business case model, but its
inclusion in the study scope justified because it has direct implications on the
benefits and it is related to the triggers (see Mukherji et al. 2006). There are
other determinants that also influence the IT artefact renewal decision, such as
risks and costs (Ward et al. 2008), but they are not included in the scope of
study here.
The objective of this dissertation is to study the holistic IS life cycle and the
determinants that lead to the renewal of IT artefact, the core of IS (Benbasat and
Zmud 2003) from organization’s perspective. The term organization refers to an
organization that uses information systems in order to support its functions.
Organizations that produce or vend IT applications or software are not
included in the definition of organization here. Life cycle theory (Van de Ven
and Poole 1995) and works system life cycle (WSLC) (Alter 2008a) are used as
research frameworks. Life cycle theory describes how things change through
predefined stages. WSLC model approaches IS life as a continuum of events
that repeats in organizational context. It provides a framework that binds
together the triggers, benefit evaluation and timing with the IS life cycle.
The thesis is based on two assumptions. Firstly, it is assumed that the
understanding of the IS life cycle and renewal mechanics provide a useful
concept for IT management and IT artefact renewal decision making. Secondly,
the thesis is based on the assumption that the WSLC model represents the IS life
cycle more realistically than the traditional ISD life cycle or other linear life
cycle models when viewed from the organizational perspective. The thesis
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proposes that the beginning of a new cycle is determined by triggers, benefits
and timing.
The rest of the thesis is organized as follows. Theoretical background is
provided in chapter 2. The research methodology and research questions are
described in chapter 3. Summary of the included papers is given in chapter 4.
Chapter 5 presents the answers to the research questions and the contributions.
In chapter 6, the conclusions, limitations, reflections, and directions for future
research are given.

2

THEORETICAL BACKGROUND

In this section, the central concepts are defined and the theoretical background
of the thesis is presented.

2.1 Information system and IT artefact
Various definitions for information systems exist (see e.g. Alter 2008a, Avison
and Fizgerald 2008, Davis and Olsen 1985). In general, information systems (IS)
consist of information, technology, and users that together aim at performing
tasks in an organization. Organizations define the context for IS research (Wu
and Saunders 2003); and it is precisely the context where the societal
implications of IT are reflected upon. An information system can be viewed
from functional or structural perspective (Hirschheim, Klein and Lyytinen 1995,
p. 11):
“From a structural perspective (see e.g. Davis and Olsen 1985), an information
system consists of a collection of people, processes, data, models, technology and
partly formalized language, forming a cohesive structure which serves some
organizational purpose or function. From a functional perspective […], an
information system is a technologically implemented medium for the purpose of
recording, storing and disseminating linguistic expressions as well as for the
supporting of inference making”.

Here, the structural perspective is adopted and the information systems are
defined as socio-technical systems (Lyytinen and Newman 2008) including
social elements and technical elements. In Leavitt’s (1965) diamond model, IS
consists of task, structure, people, and technology (Leavitt 1965) (FIGURE 2).
Task describes the purpose of the organization, i.e. producing products or
services to its customers. Structure refers to the communication, authority and
work flow practices. People refer to actors working in the organization to fulfill
the organization’s task. Technology is a means for problem solving by machines
or programs.
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FIGURE 2

Leavitt’s (1965, p. 1145) socio-technical model

These elements are dependent on each other and their relationship is symbiotic,
like Alter (2008a, p. 449) describes it
“Remove the system that is being served and the IS becomes meaningless. Remove
the information processing and the larger system grinds to halt”.

In this thesis, IS is defined as a work system (Alter 2008a) (see FIGURE 3). Work
system treats IS as a socio-technical construct, as suggested by Wu and
Saunders (2003), where social system and technical system are inseparable:
“A work system is a system in which human participants and/or machines perform
work (processes and activities) using information, technology, and other resources to
produce specific products and/or services for specific internal or external customers.
An IS is a work system whose processes and activities are devoted to processing
information, that is, capturing, transmitting, storing, retrieving, manipulating, and
displaying information. Thus, an IS is a system in which human participants and/or
machines perform work (processes and activities) using information, technology, and
other resources to produce informational products and/or services for internal or
external customers.” (Alter 2008a, p. 451)

CUSTOMERS

PRODUCTS & SERVICES

PROCESSES & ACTIVITIES

PARTICIPANTS

INFORMATION

TECHNOLOGY

INFRASTRUCTURE
FIGURE 3

The work system framework (Alter 2008a, p. 461)
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IS, as a work system, is formed by four elements, i.e. technology, information,
participants, and processes and activities, form the core of a work system (Alter
2008a). The human participants are people who work in the business processes
(Alter 2002). They may or may not be IT users (Alter 2008a). Information is
created and used by the participants in the work system. It can be captured in
computer systems or it can be verbal or tacit knowledge that has not been
recorded or stored (Alter 2002). Technologies include various technologies (not
only information technology) for general of specific business purpose (Alter
2008a). Processes and activities include e.g. workflow, decision making,
communication, coordination, control and information processing. They
connect the participants, technology and information together.
The following elements are not part of the information system but are
included in the framework because they are directly related to it either by
producing or using its results or providing the organizational context in which
the IS is situated (Alter 2008a). Products and services are a combination of goods
that the work system produces for its customers. They include for instance
physical goods, information, services, social products (e.g. organizational
arrangements) or intangible products and services (Alter 2008a). Customers are
“the direct beneficiaries of whatever a work system produces, plus other
customers whose interest and involvement is less direct” (Alter 2008a, p. 466).
They can be internal or external customers. Infrastructure refers to the all of the
resources that an operational works system requires, e.g. human resource,
information resources or technology resources (Alter 2002). Infrastructure can
be shared with other work systems and managed from the outside of the work
system. The works system operates in an environment formed by organizational,
cultural, competitive, technical and regulatory aspects. Strategies guide the
choices and decisions within the work system. They include e.g. work system
strategy, business strategy and enterprise architectures (Alter 2008a).
This thesis focuses on the technology component of an information system
(Turban and Volonino 2010). The definition of Benbasat and Zmud (2003, p. 186)
for IT artefact as the technology component of IS is adopted:
“the application of IT to enable or support some task(s) embedded with a structure(s)
that itself is embedded within a context(s)” [that] “encapsulates the structures,
routines, norms, and values implicit in the rich contexts within which the artefact is
embedded”.

The IT artefact does not include in itself the structures and routines yet it
reflects their norms and values (Benbasat and Zmud 2003). The position of IT
artefact and IS in the works system framework is depicted FIGURE 4.
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Information system

CUSTOMERS

IT artefact
PRODUCTS & SERVICES

PROCESSES & ACTIVITIES

PARTICIPANTS

INFORMATION

TECHNOLOGY

INFRASTRUCTURE
FIGURE 4

Information system and IT artefact in the work system framework

Any IT application that enables or supports some organizational function or
task can be considered as an IT artefact (see Iivari 2007). These include, e.g. ERP
systems, enterprise systems (ES), accounting systems and payroll system. Also
operating systems and groupware or communication systems can be classified
as IT artefacts.

2.2 Information system change
The life cycle theory explains the organizational processes of change and
development as organic growth through specific stages (Van de Ven and Poole
1995). These stages are passed through in a predetermined order thus forming a
sequence (Campbell and Reese 2002). Because this sequence of stages is in a
form of a cycle, by definition, the same stages repeat over and over as reaching
the end of the sequence (or a cycle) a new one starts (see Devaney 2007). The
actual stages of life vary between different organisms yet the basic principle is
the same. For instance, human life cycle consist of infant, child, juvenile,
adolescent, and adult (reproductive stage) stages (Bogin and Smith 1998) while
the one of bird’s has stages of egg, incubation, hatching, chick-feeding period,
growth, fledging period, independence, breeding, laying the first egg (Bennett
and Owens 2002). One cycle consists of stages from the birth of an organism to
the moment when the organism gives birth to a new organism, i.e. a generation.
A central element in the life cycle of any given entity is change. The change
adopts different forms. A human organism changes, for instance, by growing:
an adult man grows from a baby with significant changes in its appearance and
functions. Likewise, a bird comes into the world from an egg, and after the
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fluffy-feathered infantine period develops into an adult avian. According to
Lyytinen and Newman (2008, p. 590), the change in information systems
“covers the generation, implementation, and adoption of new elements in an
organization’s social and technical subsystems that store, transfer, manipulate,
process, and utilize information.”

That is to say that the change can occur in either in the technical or in the social
component of the IS, or in both of them. This change re-defines the IS elements
and their relationships, i.e. it re-configurates a work system (Lyytinen and
Newman 2008). A change in one element cascades changes in the others
(Leavitt 1965) as articulated by Keen (1981, p. 25):
“Leavitt's classification of organizations as a diamond, […] in which Task,
Technology, People, and Structure are interrelated and mutually adjusting, indicates
the complex nature of social systems. […] When Technology is changed, the other
components often adjust to damp out the impact of the innovation”.

Besides the aforementioned socio-technical view, IS change incorporates
multiple other perspectives through which the change can be defined. Davis
and Olsen (1985) propose that systems accommodate strain by changing their
form, which takes place by structural changes, or process. They argue that
structural change is triggered, for instance, when more terminals are installed in
distant locations and there is an increased demand for data shareability. As a
result the physical structure (hardware) of the IS changes. A process change
occurs, for instance, when a computer system is changed to respond to the need
for better data processing efficiency (Davis and Olsen 1985).
In Lewin’s (1952) model, change occurs through unfreezing, change and refreezing stages. Unfreezing signifies organizational preparation for change,
which consists of disturbing the organizational equilibrium which is a
prerequisite for the adaptation of a new order. This is followed by the change
that moves the organization towards a new desired state of equilibrium. When
the desired state has been achieved, is it re-frozen. Lewin’s model thus suggests
that a shift from one equilibrium stage to another necessitates “unlocking” the
present state, changing it, and then locking it again on a new level.
The punctuated equilibrium theory explains the radical change dominating
all life in history (Gould and Eldredge 1977). Punctuated equilibrium theory is
founded on the assumption that instead of gradual evolution nature exhibits
rapid changes of short duration. These radical changes are called punctuations.
Between the changes is stasis; a relatively long period of time (compared to the
duration of the punctuation) of tranquility with little changes (Gersick 1991).
The rate at which the punctuations occur is called relative frequency (Gould
and Eldredge 1977). The periods of stability and revolution are explained
through deep structures, i.e. abiding underlying order (Gersick 1991). The deep
structure is the object of change during the revolutionary periods yet,
simultaneously, it constrains the change (Gersick 1991).
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“Deep structure is the set of fundamental ”choices” a system has made of (1) the basic
parts into which its units will be organized and (2) the basic activity patterns that will
maintain its existence“ (Gersick 1991, p. 14).

Deep structures have different parts which form units which again perform
“work” by exchanging resources with the environment through which they
organize and maintain themselves (Gersick 1991). This description surprisingly
resembles the core of a work system. Strong and Volkoff (2010) relate enterprise
system deep structures to functionality and data. They contrast deep structures
to surface structures that are related to system interfaces and usability. Radical
change can occur also in surface structures. For instance migration to service
oriented architecture (SOA) adds a new surface layer while leaving the deep
structures intact (see e.g. Vitharana, Bhaskaran, Jain, Wang and Zhao 2007).
Lyytinen and Newman (2008) presented a punctuated socio-technical
information system change model that proposes that there are two types of change
within IS life cycle, namely incremental change and radical change, that occur
in a socio-technical setting. The incremental change refers to the need of a
system to continuously adapt to its environment during the periods of
tranquillity (Lyytinen and Newman 2008). In their theory, Lyytinen and
Newman (2008, p. 595) emphasize the role of change triggers, which they call
gaps or critical incidents:
“Occasionally, when any one component becomes incompatible with others due to
increased variation (e.g. malfunctioning, learning, replacement) we can observe a
structural misalignment, which we label here a gap – a property of a system that
affects the systems’ behavior and its repertoire of responses. A gap is any
contingency in the system which, if left unattended, will reduce the system’s
performance and threaten its viability. Often events that generate gaps are abrupt: a
system failing, a financial crisis, or key people leaving.”

In work system a change that creates a gap can take place at any of the work
system levels (Alter 2008a):
•
•
•
•

Processes and activities: change of the degree of structure of processes
and activities, level of integration, complexity or rhythm.
Participants: new skills, change of incentives or change of social
relations.
Information: use of different information of providing information in
a different form than before, or at different level of detail.
Technology: re-configuration, upgrading or replacement of
technology.

•
A gap can occur between any of the IS elements: task, technology, structure,
people (Lyytinen and Newman 2008). In this thesis, the focus is on the
technology component change. The possible technology component gaps are:
technology-structure gap (GAP 1), technology people gap (GAP 2) and
technology-task gap (GAP 3) (FIGURE 5).
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FIGURE 5

IS change (adapted from Lyytinen and Newman 2008).

IS change is a result of a change in any of the IS components alone or their
combinations (Leavitt 1965). A system compensates a gap in two ways: by
incrementally adapting on a component level according to the rule of the deep
structure, or by changing the deep structure (Lyytinen and Newman 2008). A
gap can also trigger a cascade of subsequent punctuations (Lyytinen and
Newman 2008). Successful gap-compensation yields a new state where the
equilibrium between the IS components is restored (Ahmad, Lyytinen and
Newman 2011).

2.3 IT artefact evolution
In this section, the terminology related to IS change is defined concerning the
concepts of evolution, renewal, maintenance and replacement.
Evolution is result of natural selection where favourable variations are
preserved and continue their existence and injurious variations are rejected by
nature itself (Darwin 1968, p. 131). In IS context, the natural selection means
that systems that are able to comply with the changing requirements of their
environment survive, and other will die out. Evolution occurs globally and
locally. Globally it can be seen e.g. in ERP systems; how they have changed
from inventory control packages in the 1960´s, through material requirements
planning (MRP) systems in the 1970s, manufacturing resource planning (MRP II)
systems in the 1980s to the enterprise resource planning (ERP) systems in the
1990s, and finally, to the extended ERP of the 2000s (Rashid, Hossain and
Patrick 2002). The evolution of World Wide Web (WWW) (Conolly 2000) or the
transition from custom-made IS to commercial software-based systems in
organizations (Sawyer 2001) or the evolution of user interfaces from characterbased to graphic (see e.g. Myers 1998) are also manifestations of global scale
evolution. At organizational level, IT artefact evolution is limited to an IT
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population within an organization or a group of organizations sharing the same
IT applications.
Software engineering defines evolution as continuous and progressive
change (Lehman and Ramil 2003) covering a wide range of activities ranging
from evolutionary development (Adolph 1996, Boehm 1988) to large scale
migration projects of legacy systems (Bennett 1994, Bennett and Rajlich 2000).
From user-organization’s point of view, information systems evolve as new
capabilities and functionalities are added and the system’s cover area is
increased through the extended applications (Esteves and Pastor 1999). The
evolution of commercial enterprise information systems can include the
implementation of modules that have been purchased with the initial ERP
installation but never taken into use (Beatty and Williams 2006).
Information systems as a socio-technical systems change through two
primary means: by incremental, gradual adaptation (the first order of change)
and by revolutionary, episodic change (the second order of change) (Lyytinen
and Newman 2008). The change can occur in planned or unplanned form or
through their combinations (Alter 2008a, 2008b). The degree of change varies
from daily maintenance to large scale development projects depending on
magnitude of the harmful state of the system, the rate at which its performance
will deteriorate and to what extent it poses a threat for the system survival
(Lyytinen and Newman 2008). Planned changes are conducted via formal,
episodic projects, such as renewal or replacement projects. Unplanned changes
occur spontaneously and without formal projects in form of small adaptations
and experimentations. Maintenance corresponds to the first order change by its
nature. It can be either planned or unplanned (Alter 2008a). The relation
between the above mentioned evolution taxonomy and the change types is
presented in TABLE 1. No literature reference was found to describe unplanned
second order change.
TABLE 1

The change orders of evolution
Change order

Planned

Unplanned

1st order change

Maintenance

Maintenance

2nd order change

Renewal
Replacement

-

In this thesis, IT artefact evolution is defined as a result of any planned or
unplanned change through which the IT artefact adapts to its environment. The
change activities that result evolution of an IT artefact consist of maintenance,
renewal and replacement (FIGURE 6).
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Perfective (Swanson 1976)
Maintenance

Corrective (Swanson 1976)
Adaptive (Swanson 1976)
Preventive (Chapin 2000)

Evolution

Modernization (Seacord et al. 2003)
Renewal

Replacement

Upgrading (Beatty and Williams 2006)
Rebuilding (Seacord et al. 2003)
Purchasing new product (Seacord et al. 2003)

FIGURE 6

The taxonomy of IT artefact evolution

IT artefact evolution is a sequence of maintenance, renewal and replacement
activities (FIGURE 7). The inclining dotted line represents the growing business
requirements for the system’s functionality. The solid black line indicates the
system functionality that increases with small steps during periods of
maintenance and with big step representing modernization activity. Together
these two lines indicate how well the system corresponds to the business needs.
Maintenance of system 2
Maintenance of system 1

Modernization

Build

System 1

Replacement

System 2
Time

FIGURE 7

Software evolution (Seacord et al. 2003, p. 8)

Maintenance is the means of keeping the IT application operational and in
compliance with its environment with small modifications and changes made
to the system. The four maintenance categories are:
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1) Perfective maintenance. The system is enhanced by improving its usability,
performance or compliance with user requirements (Swanson 1976).
2) Corrective maintenance. Defects or errors are repaired (Swanson 1976).
3) Adaptive maintenance. The system is changed to comply with the changes
occurring in its technology environment (Swanson 1976).
4) Preventive maintenance. Future maintainability and reliability are
anticipated by changes that seek to prevent problems of future
maintenance proactively (Chapin 2000, Seacord et al. 2003).
The maintenance of packaged software takes place by means of releases or
service patches. A release is a software package that is delivered between the
major versions and in order to make small scale additions to functionality
(Kremers and van Dissel 2000). Service patch contain corrections of errors
(Kremers and van Dissel 2000).
Renewal means restoring something to a new or fresh condition (MOT
Collins English Dictionary 2006). Renewal refers to large scale, structural
changes, adding new capabilities to (Weiderman, Bergey and Smith 1997) or
expansion of the current system (Olson 2009). The changes are made at the
architectural level and they increase the economic and strategic value of the
software (Weiderman et al. 1997). Renewal includes, for instance, implementing
a distributed architecture or a graphical user interface (Seacord et al. 2003).
Renewal takes place through modernization (Seacord et al. 2003) or upgrading
(Beatty and Williams 2006). Modernization includes various techniques
including retargeting, revamping, source code translation, code reduction, and
functional transformation, program modularization and data re-engineering
(Seacord et al. 2003) that are used for renewing legacy systems (Adolph 1996).
Compared to maintenance, modernization means larger scale changes while
still conserving a large portion of the system (Seacord et al. (2003). Upgrading
means the change of the running version of packaged software. A version
means an improved software package that has significantly more functionality
than its successor and possible uses new technology (Kremers and van Dissel
2000). Here, Microsoft’s definition for upgrade is used as suggested by Khoo
and Robey (2007, p. 556):
“An upgrade is a software package that replaces an installed version of a product
with a newer version of the same product”.

Replacement means that the existing system, whether custom-made or
commercially purchased, is terminated and replaced with another system
(Seacord et al. 2003). The replacing system can be either built from the scratch,
i.e., rebuilding the old system, or purchasing a new commercial product. For
instance enterprise and ERP systems have been increasingly used to replace
legacy or proprietary systems (Davenport 1998, Esteves and Pastor 1999).
However, an opposite trend has also emerged: organizations have aborted their
ERP system implementation and returned to the old custom-made IS (Esteves
and Pastor 1999).
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2.4 Life cycle models
Life cycle models describe change in IS through developmental stages. Often
this is depicted with linear sequence of stages. The basic ISD process (see
FIGURE 8) includes feasibility study, system investigation, system analysis,
system design, implementation (construction), and review and maintenance
(Avison and Fitzgerald 2008).
Feasibility
study

FIGURE 8

System
investigation

System
analysis

System
design

Implementati
on

Review &
maintenance

ISD life cycle

In case of commercial systems, the linear life cycle models emphasize system
acquisition over the development. These include for instance Esteves and
Pastor’s (1999) ERP life cycle framework (see FIGURE 9), ES experience cycle
(Markus and Tanis 2000) and ERP system life cycle management model (Chang
et al. 2008). These models attempt to describe the whole life cycle yet they fail in
putting the emphasis on the initial development or acquisition project, while
leaving the rest of the IS life under “evolution” (see Esteves and Pastor 1999) or
“expansion” stage (see Chang et al. 2008). Verville et al. (2007) have adopted an
iterative approach for the representation of the ERP life cycle with emphasis on
the acquisition. This model suggests that the life cycle phases of an ERP system
are acquisition, maintenance and implementation (Verville et al. 2007). They
emphasize the acquisition phase due to the related costs, benefits and risk
assessment and challenges for the organization. Yet, the task of purchasing new
ERP system is, however, only one task in the continuum of life stages of an IS.

Adoption
decision

FIGURE 9

Acquisition

Implementati
on

Use &
maintenance

Evolution

Retirements

The ERP life cycle framework

A more holistic approach can be found in the work system life cycle (WSLC)
model (FIGURE 10) (Alter 2001). The work system is a general representation of
a system that produces goods or services. Information system is one
representation of work systems where the products are information in one form
or another (Alter 2001), e.g. a reimbursement system of an insurance company
or tracking system for package delivery (Alter 2002). Typically, an IS is a part of
non-IS work systems, where its purpose is to support one of more of such
systems (Alter 2002).
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FIGURE 10

The Work System Life Cycle (Alter 2008a, p. 467)

WSLC model has been revised many times (Alter 2001, Alter 2002, Alter 2003,
Alter 2008a). Operation and maintenance includes performance monitoring,
evaluation and correction of small errors, improvement of work practices and
keeping the system both organizationally and technically operational (Alter
2003). The system is supported and maintained operational (Alter 2001).
Initiation phase includes the visualization the renewed IS, definition of
operational goals, resource allocation, definition of time frames for the renewal
project and economic assessment of the intended renewal project (Alter 2001).
The objective of the assessment is to elicit a technologically, organizationally
and economically feasible solution for the perceived problem (Alter 2003).
Development phase includes requirements specification, development,
modification or acquisition and configuration, hardware and software
installation, documentation, preparation of training materials, testing. As a
result, the renewed IS is technically operational and ready for the
implementation of the planned change in the organization (Alter 2003).
Implementation itself includes implementation method selection, planning,
change management, training, system conversion from old to new or renewed,
and acceptance testing. As a result, the new or renewed system is
organizationally operational (Alter 2003). The result of one round of the life
cycle is called a major revision, iteration or generation (Alter 2001).
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A work system evolves through iterations of both planned and unplanned
change (Alter 2002). Planned change manifests in the form of a designated
project with necessary planning and resource allocation. Unplanned change, on
the contrary, means gradual, small changes and adaptations within the work
system that occur naturally without the establishment of a designated project
organization. The unanticipated opportunities, related to the initiation and
development phases, include the “uncontrolled” projects that, contrary to
traditional ISD view, are positive rather than negative phenomena with respect
to the overall compliance between the IS and the organization. The thick arrow
between the phases (e.g. Recognition of infeasibility in vision, goals, or
resources) signifies that each phase is an input for its successor phase (Alter
2001). The returning thin arrow implies the possibility to return to the previous
phase if need be (Alter 2001). Alter (2008a) indicates that the WSLC model
represents an iterative punctuated change, occurring when a renewed (or new)
work system is implemented. This is followed by a stable period during which
the fundamental structures of the work system are not changed. A new
punctuation is initiated when there is a need for a major change of the work
system.
The WSLC model can be criticized for closely resembling the traditional
ISD process, i.e. it focuses only on the development of the technical element of
the IS. The terminology is derived directly from the ISD context, e.g.
“development” for the actual measures taken for the IS renewal.
Also, there are unexplained areas in the model that leave space for free
interpretation. The unanticipated adaptations remain without further
clarifications or practical examples. The diamond shaped figure between
operation and maintenance and initiation phases lacks explanation. Intuitively
it refers to a renewal decision making: whether to continue the operation and
maintenance of the system, to terminate it or to initiate a new cycle in system’s
life by renewing it. In an earlier version of the work system model (Alter 2001, p.
4) this decision is explained as part of the operation and maintenance phase as
follows:
“To express the fact that many systems go through major revisions, the model’s
operation and maintenance phase includes a recurring decision about whether to
continue maintenance and incremental improvements (continuous change), whether
to undertake a major revision by starting a new iteration of the four phases
(discontinuous change), or whether to terminate the system.”

Despite of the critique that Alter’s work system model received during the IT
artefact debate (see Wu and Saunders 2003) the WSLC is eminently suited for
modelling the life cycle of an IT artefact. Similarly, the life cycle theory has been
criticized of being insufficient for designing complex information
infrastructures (Hanseth and Lyytinen 2004). However, the life cycle theory is
particularly suitable for understanding them. Particularly interesting is the
decision point between the evolutionary cycles because it is a precondition for
the start of a new, planned cycle in IS’s life.
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2.5 IT artefact renewal triggers
Disequilibrium between IS elements leads to change in order to re-establish
equilibrium (Lyytinen and Newman 2008). Technology related disequilibrium
occurs between technology and other IS elements. A gap between technology
and task means that the technology is inadequate or wrong for the task given. A
technology-people gap occurs when the actors are unable to adapt, operate or
use the technology. A technology-structure gap takes place when technology is
misaligned with a given structure. The technology related gaps act as triggers
for IT artefact change. (Lyytinen and Newman 2008)
IT artefact upgrade decisions are a result of interaction between certain
motivating forces and contingency forces (FIGURE 11) (Khoo and Robey 2007).
Motivating forces push or pull the upgrade decision forward, i.e. they give a
reason motivation for the software packages renewal (see Beatty and Williams
2006). There are two sources for motivating factors, namely, internal
requirements, which spring from the organization itself, and the external
requirements such as dependence on vendor (Khoo and Robey 2007). Internal
requirements crystallize in business needs, IT needs and risk mitigation;
external requirements culminate on dependence on vendor and include
software functionality and technical support. The contingency forces represent
forces that inhibit, oppose or delay the upgrade decision. The most significant
contingency force is the availability of internal resources (Khoo and Robey 2007)
i.e. capital, IT expertise, management focus and capacity for change (Ross and
Beath 2002). The upgrade decision is a result of a combination of motivating
and contingency forces (Khoo and Robey 2007). The available resources seldom
trigger upgrade on their own, but without them, the upgrade cannot be done
despite of the urgency of the motivating factors.
Motivating forces
Internal requirements
• Business needs
• IT needs
• Risk mitigation policy

External dependence
on vendor
• Software functionality
• Technical support

Interaction

Upgrade desicion

Contingency forces
•

FIGURE 11

Internal resource availability

Upgrade decision model (Khoo and Robey 2007, p. 563).
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ERP system upgrade is typically triggered by the need for new functionality,
end of vendor’s support for the running version (Olson and Zhao 2007,
Kremers and van Dissel 2000, Khoo and Robey (2007) (see TABLE 2). An
organization that has purchased and uses packaged software is in a tight
relationship with the software vendor. In this relationship the customer
organization is dependent on the vendor in regard of software changes,
additions, corrections and software support (Beatty and Williams 2006). Due
this dependency, the system vendor has a significant influence on software
upgrade decisions of its customer’s (Beatty and Williams 2006) and the
initiation of packaged software upgrade is commonly due to vendor’s influence
(Khoo and Robey 2007).
TABLE 2

ERP system upgrade triggers

ERP system upgrade triggers
• desire for new functionality
• the looming end of vendor’s service
• desire for better vendor support
• fixing errors
• module integrations
• added (new) functionality
• compliance with standards
• expired or impending end of support
• keeping the system up-to-date
• dissatisfaction
with
the
technical
performance of the current system
• business growth
• need for more flexibility
• need for more functionality
• avoiding unstable software
• continuous vendor support
• availability of resources

Author
Olson and Zhao (2007)

Kremers and van Dissel (2000)

Khoo and Robey (2007)

The average time for development of a new software version has significantly
shortened within the last two decades. In the early 1990s, the average time for
the emergence of a new version was three years while in the 2006 it varied
between 18 and 24 months (Beatty and Williams 2006). This is directly reflected
at the pressure the vendors put on their clients concerning software upgrading.
ERP software providers actively persuade and pressure the organizations to
upgrade their application suites to newer versions by setting a “de-support day”
(Beatty and Williams 2006) or “sunset date” (Khoo and Robey 2007) after which
they are not supported by the vendor any longer. Customers that want to have
the support service are consequently pushed to upgrade before the sunset date
in order to get the desired service (Beatty and Williams 2006). Customers that
take care of the maintenance themselves or otherwise choose to rely on
unsupported software are running a risk of having an incompatible system in
the future (Khoo and Robey 2007).
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In order to avoid difficulties with system upgrades Damsgaard and
Karlsbjerg (2010) give two exemplary scenarios to be avoided. In Blind alley
scenario an organization is using packaged software that is losing its market
share to competing commercial packages. As a consequence, the user
organizations have to abandon the system and acquire another replacing
system. One-way street is a scenario where an organization is facing a challenge
with very narrow set of alternatives for system changes. There are only few
alternatives for upgrading or adding functionality but the organization is
locked in with the vendor due to the high switching costs for another product
by another vendor. These scenarios describe the inhibiting factors that limit the
possibilities of business driven upgrade decision. Nevertheless they are strong
determinants of upgrade.

2.6 The timing of IT artefact renewal
Beatty and Williams (2006) suggest that about six to 12 months after the initial
ERP system implementation arises the first pressure wave to add new modules
in it. This is closely related to the first signs of benefit realization after the initial
investment. After that, the organization will face the question of upgrading on
regular basis making the timing of IS renewal important. IT upgrades are
resource intensive, time consuming and laborious (Kremers and van Dissel
2000). An organization hence carefully considers how often and when the IS is
renewed in order to avoid abundant stress and load on the organizational
members (Kremers and van Dissel 2000). However, once the customer adopts
an ERP system the upgrading becomes an unavoidable and inevitable part of
their joint future (Khoo and Robey 2007). As Kremers and van Dissel (2000, p.
55) point out
“The question is not “Should we migrate?” but “When do we migrate?”

Timing is about finding a balance between “too soon” and “too late”.
Upgrading too early involves risks such as adopting immature and faulty
software (Mukherji et al. 2006). Postponing the upgrade for too long, on the
other hand, increases the difference between the version in use and the vendor’s
latest supported version which leads to increasing difficulties in the upgrade
(Mukherji et al. 2006). A commonly used strategy for IT upgrade timing is
leapfrogging: the most economical way of upgrading is to wait until there is a
need for change, skip unsuitable software versions, and acquire a clearly
beneficial version when such becomes available (Mukherji et al. 2006). Timing is
defined as a strategic decision concerning the optimum time to conduct IT
artefact renewal. Scheduling is operational level activity which aims at
allocating resources, including time, within a project.
The timing of IT artefact renewal is dependent on available resources
(Kremers and van Dissel 2000, Khoo and Robey 2007). Lack of financial
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resources leads to postponing renewal. Other ongoing or planned projects may
reserve organizational resources from upgrade projects leading to delayed
upgrading (Khoo and Robey 2007). Also, if the payback period of the earlier
renewal (or upgrade) project is not finished new renewal projects may be halted
(Kremers and van Dissel 2000). Company policy on upgrading frequency may
dictate the timing of renewal (Kremers and van Dissel 2000). Vendor influences
the upgrade timing by positive and negative means. Positive means includes
the offering of new versions and actively promoting upgrading. Negative
reinforcement of timing comes from the sunset date that defines the last
possible upgrade time (Khoo and Robey 2007). The timing of IT renewal is also
influenced by the business’s high and low seasons. Almost every product is
seasonal (Radas and Shugan 1998). This defines the business strategy and
annual business calendar with its seasonal patterns (Radas and Shugan 1998). It is
obvious that during a busy season resources are allocated for making business,
and unnecessary other projects, such as IT projects, are avoided. Other seasonal
variations, including the closing of the accounts in the end of the fiscal year and
annual reporting intuitively also influence the timing of the IT projects in
general.
The timing of IT projects is typically managed with portfolio analysis
(Seacord et al. 2003, p. 29-30), which maps on-going and future IT projects. By
analysing this portfolio of IT investments the management can assess the
urgency of each investment proposal and their priorities with respect to each
other (GAO 1996). Other methods include real options analysis (see e.g.
Campbell 2002), information economics (Parker, Benson and Trainor 1988) or
capital investment appraisal techniques (Milis and Mercken 2004).

2.7 IT artefact renewal benefit assessment
IT investments differ from “normal” business investments due to their high
uncertainty (Olson 2009), risks, and the management’s deficient knowledge
about the IT investments since they are not core business but have a supporting
role (Remenyi, Money and Sherwood-Smith 2000, pp. 35-37). Uncertainty deals
with issues of what we know and what we do not know; i.e. decisions with
consequences that cannot be predicted (Tannert, Elvers and Jandrig 2007). Risk
represents the probability of an undesired event to take place (Holton 2004). In
practice, IT upgrades are costly (Ng 2001, Olson and Zhao 2007, Kremers and
van Dissel 2000), difficult and time consuming (Kremers and van Dissel 2000).
However, the rules for the IT investment justification are the same as for any
other business investment (Remenyi et al. 2000, p. 34).
The justification of IT investments in general is a sum of various factors
including strategic, tactical, operational considerations, and tangible and
intangible benefits (Turban and Volonino 2010). Tangible benefits are associated
with quantifiable and economic benefits. They are savings or earnings that
directly influence the company profitability and are visible in the accounts
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(Remenyi et al. 2000, p. 7). Intangible benefits are the soft or qualitative
improvements that have great value but are difficult to detect in the company
accounts or profit (Remenyi et al. 2000, p. 7). These include e.g. user satisfaction,
IS quality and effectiveness (Remenyi et al. 2000, pp. 153-158). Ideally the
evaluation of the IT investment takes place at two instances: before and after the
project. The purpose of the ex ante evaluation is to assess or predict the
anticipated benefits prior to the initiation (Remenyi et al. 2000, p. 25). The role
of the ex post evaluation is to verify, prescribe, the realization of the expected
benefits (Remenyi et al. 2000, p. 25).
In a well-constructed business case the expected benefits are derived from
investments objectives which, in turn, are derived from investment drivers
(Ward et al. 2008). If the main driver for renewal investment is, for instance,
vendor’s end of support for the current version (Olson and Zhao 2007, Khoo
and Robey 2007, Beatty and Williams 2006, Kremers and van Dissel 2000, Ross
and Beath 2002), the investment objectives could be:
•
•
•

upgrading the system to a version that is supported by the vendor
ensuring the continuity of system support
minimizing risks of running a non-supported version.

And, the related benefits could hence be:
• responsibility of the system support remains at vendor’s
• safe system operation and functionality by the continuing support
• savings on IT staff resources and risk avoidance.
Other possible desired benefits from ERP system upgrade include solutions for
design weaknesses or programming errors, and new or improved features
(Olson and Zhao 2007).
The IT investments are costly and the top management naturally expects
something back for the invested money and resources. Traditionally, the
benefits have been expected to manifest in financial terms as return on
investment (ROI) (Dekleva 2005). Other traditional investment appraisal
methods including payback, cost-benefit analysis, net present value (NPV),
internal rate of return (IRR) (Irani and Love 2002). In fact, the amount of
investment assessment methods available for IT investment evaluation is
extremely large (see e.g. Andresen 2002).
In practice, the allocation of benefits for the investment objectives is a
challenging task. Relying on financial benefit assessment only is risky because it
allows “creative” calculations, unrealistic assumptions, understating the costs
of organizational implementation (Ward et al. 2008). ROI, as a benefit
assessment approach for IT investments, has been heavily criticized in the IT
investment research (see e.g. Dekleva 2005). It is unable to capture the value of
IT investments and cannot ensure in any way that a proposed IT investment is
in compliance with the business needs (Varghese 2003). Empirical findings give
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similar indications, as demonstrate the following words of an ERP project
leader:
“We didn’t convert the benefits into money, because everyone can calculate them as
he wants, I can show you that our ROI is 200% or 300% if I want” (Haddara and
Päivärinta 2011, p. 7).

One study reports that the IT investment decisions are largely based on
inadequate data and undefined decision criteria on costs, risks and return
(GAO 1996). The same study reveals that the IT investments funding was
decided upon the judgmental expertise of the decision makers (GAO 1996). The
use of traditional economic evaluation methods such as payback, cost-benefit
analysis, NPV, IRR (Irani and Love 2002) has other shortcomings too. They only
capture the quantifiable aspects of an investment, while excluding the
qualitative and value-based aspects that cannot be converted into financial
figures (Ward et al. 2008). They seek to predict the impacts of IT investments at
organizational level, e.g. by measuring the organizational impact of the IT
investment such as sales growth, return on assets, return on net worth, the ratio
of information-processing expense, total operating expense, increased
productivity, and the investment costs (see e.g. Mahmood and Mann 1993),
while the actual benefits may not be traceable with those measures. Traditional
project evaluation tools are also insufficient in dealing with the high uncertainty
which is more than typical for IT investments (Schwartz and Zozoya-Gorostiza
2000).
Companies are facing major difficulties both in building a business case
for IT projects (Ward et al. 2008). Haddara and Päivärinta (2011) recognized that
organizations are unable to utilize the existing evaluation methods in their IT
investment evaluation practices despite of the plentiful supply of available
methods. This problem can be easily interpreted as a sign for a need for better
evaluation methods. Empirical findings show however, that in reality,
companies need is to improve their evaluation practices instead (Ward et al.
2008).
Overstatement of benefits is a problem related to the financial benefit
assessment for gaining acceptance for the renewal investment. The predicted
benefits presented in the business case are too optimistic and impossible to
achieve (Ward et al. 2008). Farbey, Land and Targett (1992) found that majority
of IT investments in organizations are justified by ad hoc way even if the
organization had formal justification procedures to be utilized. These ad hoc
decisions included act of faith, obedience to the orders of corporate
headquarters, letting technology changes guide the decisions step-by-step, or
must do justification for survival (Farbey et al. 1992).
Companies are not doing the ex post evaluation of the realization of the
anticipated benefits (GAO 1996, Dekleva 2005). However, the evaluation of the
IT investment decisions is relevant because the decision of today influence the
decisions of tomorrow, and the decision making and evaluation practices are
inherited in the organization in good and bad (Rose, Rose and Norman 2004).
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Ex post benefit evaluation is not carried out in companies as commonly
believed (Haddara and Päivärinta 2011). The expected benefits from ERP
systems are self-evident, the evaluation methods are costly and difficult to use,
and the rationality of the methods is not trusted by companies (Haddara and
Päivärinta 2011). Additionally, government’s support for ERP investments
seems to debase the motivation for evaluating benefit realization (Haddara and
Päivärinta 2011).
Nevertheless, the management of resource allocation for ERP projects still
remains as an issue. The self-evident nature of the ERP project outcomes is
traced back to the attitude towards IT in general: the ERP system is seen as a
commodity. This study concerns new ERP system investments and not
explicitly renewal or upgrade projects. However, it provides a baseline for the
investigation of benefit realization practices in IS renewal projects.
In order to spur the more inclusive and rigorous benefit assessment, Ward
et al. (2007) suggest using a mixture of benefits in their naturally different forms.
This can be done in association with the business case development framework
that supports the differentiation and structuring of benefits. The degree of
explicitness of the benefits refers to the amount of knowledge that is available
prior to the investment. Financial benefits include all the benefits that can be
expressed in financial terms. In the end of the evaluation these will provide the
basis for calculating the overall value of the investment proposal. Quantifiable
benefits are benefits that can be measured and have an established
measurement device in the organization (or it can be easily installed) with
which the magnitude of the benefits can be estimated. This is prediction of the
future benefits in quantifiable terms. Measurable benefits are aspects that have
an identified measure and are currently measured (or can be easily measured).
This allows them to operate as a baseline for further investment benefit
evaluation. Observable benefits are benefits that can be valued by individual
perception and opinion. They are also called subjective, intangible or qualitative
benefits. The mechanism in the framework is that one positions firstly all the
benefits in the observable row. As the amount of reliable evidence (measurable,
quantifiable or financial) emerges the benefit moves upwards in the matrix. The
changes addressed by each expected benefit are classified in three groups: The
investment yields benefits that allow the organization, its groups, or individual
1) do new things that were not possible before, 2) do things better than before,
or 3) stop doing things that are no longer necessary. The assignment of benefit
owner is critical. Benefit owner harvests the benefits of the investment and
hence provides the value for the benefit. It also induces the benefit owners to
engage in the IT project and add more weight to the business case. (Ward et al.
2008) The ownership of IT renewal project, as a whole, is with the CIO, whose
responsibility is to guard the service quality of the shared IT infrastructure
(Varghese 2003). The formal justification of must-do investments is not relevant
as such, yet the comparison of different alternatives in must-do situation is
relevant (Remenyi et al. 2000).

3

RESEARCH METHODOLOGY

This section outlines the research objective and questions. The research process,
framework and methodology are described. The relation between the included
articles and research process and research framework are explained. Data
collection and analysis methods are described. Finally, the validity of the
research is evaluated.

3.1 The research objective and questions
The objective of this dissertation is to study the holistic IS life cycle of and the
determinants that lead to the renewal of IT artefact, the core of IS (Benbasat and
Zmud 2003) from user-organization’s perspective. This is done by investigating
and analyzing the existing IS life cycle models and comparing them to the
empirical findings of this thesis. The objective is based on the assumption that
the life cycle of an IT artefact exhibits recurring events as it evolves. Based on
this, the first research question (RQ1) is re-formulated:
RQ1: What is the life cycle of an IS from organizational point of view?
IS change is complex because it is a sum of changes in the combination of IS
elements, i.e. technology, information, participants and organizational
processes and activities (Alter 2008a). This thesis focuses on the technology
component (Turban and Volonino 2010) which is here defined as equal with the
concept of IT artefact (Benbasat and Zmud 2003). Hence, RQ1 is clarified with a
sub-question:
RQ1-1: “What is the life cycle of an IT artefact from organizational point of view?”
Derived from life cycle theory (Van de Ven and Poole 1995), change is growth
through specific stages that form a cycle. Hence, there is a point where one
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cycle ends and another begins. In IS context this point of continuation is
interesting because each evolutionary cycle has economic consequences in the
organization. Since IT artefact renewal occurs episodically in organizations
(Lyytinen and Newman 2008) the conditions that lead to a decision to start of a
new evolutionary cycle must also occur episodically. From this, the second
research question (RQ2) was formulated:
RQ2: What are the determinants for IT artefact renewal in organizations?
In order to investigate the IT artefact renewal determinants more closely, it is
necessary to break the determinants down on a more specific level. Hence, the
second research question is divided into sub-research questions:
RQ2-1: What are the triggers for IT artefact renewal?
RQ2-2: What factors define the IT artefact renewal timing?
RQ2-3: How are the IT artefact renewal benefits evaluated?
The sub-questions enable a more detailed and coherent analysis of the different
types of determinants influencing the IT artefact renewal decision in
organizations.

3.2 The research scope
The triggers for change can originate from any of the IS elements and cause
renewal respectively in any of the four elements. In this thesis the focus is on
the renewal of the technical element. The work system model states that 1) an IS
consists of four elements (processes and activities, participants, information,
and technology), and 2) the WSLC depicts the life cycle of the whole IS (see
Alter 2008a). Based on this, an assumption is made that all the elements follow
the same life cycle separately (see FIGURE 12). This enables breaking down the
IS elements in their own life cycles in order to direct the research focus on the IT
artefact and related renewal determinants.
In this thesis the life cycle and evolution of the technology element of IS,
i.e. the IT artefact, are studied. The remaining elements of IS, i.e. processes and
activities, participants or information (see Alter 2008a) are not included in the
study. The IT artefact renewal takes place within an organization. Hence, the
study is limited to the perspective of the organization that uses the IT artefact.
IT vendor perspective is not engaged. The focus is explicitly on the examination
of the conditions leading to the decision making concerning IT artefact renewal
rather than the decision process itself. The decision making occurs between
operation and maintenance, and initiation phases of WSLC (Alter 2008a). The
remaining phases, i.e. development and implementation are not subjected to
study here. The focus is on planned IT artefact renewal. The unanticipated
adaptations and opportunities recognized by Alter (2003) are not studied.
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FIGURE 12

IS elements and their life cycles

39
The examination of the IT artefact renewal timing is limited to the study of the
determinants of timing. An answer to a question when to renew is not sought.
The benefit evaluation is covered for the purpose of understanding the IT
investment evaluation challenges in general and bringing the evaluation to IT
artefact renewal context. Benefit calculations are not conducted because the
objective is not to study in-depth individual benefit evaluation methods but
instead to reach a general understanding of how the renewal alternatives are
evaluated. The research is not intending to answer to questions such as the
productivity paradox (Brynjolfsson 1993) or any other questions seeking the
relationship between IT investments and increased productivity on company or
industry level. Custom-made systems and commercially packaged software are
used as reference systems to study the IT artefact life cycle and its evolution
through their maintenance, renewal and replacement. It is recognized that
outsourcing strategies, such as acquiring the organizational systems as software
as service (SaaS) (Greschler and Mangan 2002), through application service
providers (ASP) (Turban and Volonino 2010, p. 597), or as open source software
(OSS) (Olson 2009) are alternatives for system maintenance and upgrading
(Olson 2009) yet their examination is excluded from the scope of this
dissertation.

3.3 The research process
The research process generally unfolded from particular to general. It started
from the practical need to address the challenge of IT renewal decision making,
more precisely comparing alternative renewal options in order to produce
reliable data on them to the decision makers in companies. Research gaps were
identified in literature as suggested by Rudestam and Newton (1992). These
originated research questions and motivated empirical research. Empirical
evidence on them was then gathered from companies in order to answer to the
questions, fill the gaps and, finally, to complement the existing theory base with
refined concepts. The empirical findings, in turn, opened new avenues and
indicated the direction for the next cycle of theoretical investigation. The
research process ended with the theory formulation for IS life cycle and
connecting it back to the original starting point – the evaluation of IT renewal
benefits. The research process unfolded in three cycles in timely linear order
(see FIGURE 13). The research process and final research questions evolved
over time as the research proceeded. This gradual development of the research
process mirrors the maturation and growth of the author as a researcher. It
represents a learning process as well as research process.
The first research cycle consisted of reviewing the IT benefit evaluation
literature and traditional economic investment evaluation methods in ELTIS
research project. The goal was to study how is the return of IT renewal
investment evaluated in practice as this was a relevant problem in the
companies participating in ELTIS project. At this point the research was
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software modernization oriented. Literature review formed a theory base that
suggested revision of the research problem: the challenge was not in the actual
application of benefit assessment methods but instead the use of financial
methods, including ROI, by default, and the identification of suitable methods
from the seemingly endless ocean of benefit evaluation methods (see e.g.
Andresen 2002, Farbey et al. 1992).

Cycle 1

Research topic

Realization

Benefits

Study

Benefits are derived
from triggers

Cycle 2

What are the triggers for IT artefact renewal?

Triggers

Study

Triggers occur
periodically

Cycle 3

What mechanism governs these periods?

FIGURE 13

Life cycle
Timing

Study

Life cycle governs IT
artefact evolution
Timing is dependent on
triggers and benefits

The research process

The research question of the first research cycle was RQ2-3 “How are the IT
artefact renewal benefits evaluated?” As a result, a literature review and analysis
was conducted in order to identify the challenges related to the use of financial
benefit assessment methods in IT renewal context. Then, ISEBA framework was
constructed in order to tackle the challenge of selecting a suitable benefit
assessment method. ISEBA was tested with two participating companies during
their evaluation process on legacy system modernization options and related
benefits. A set of suitable methods were identified and applied accordingly. In
case 2, two members of the research group, including the author, conducted the
method selection together with the company representatives and also were
responsible for carrying out the actual measurements and data analysis. Case 2
included both ex ante and ex post evaluation with the same evaluation criteria.
The author did not participate in case 1 which was carried out simultaneously
by other project members. Both cases were, however, discussed in project group
meetings regularly and all project members were informed about them. The
first research cycle resulted papers 5 and 6. From the cases arose the realization
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that 1) financial benefits are not the only determinant of software renewal and
that 2) the benefit assessment method selection is dependent on the project
goals, which in turn are dependent on the overall modernization (renewal)
motives (triggers). This realization launched in motion the second research
cycle.
The second research cycle started with the examination of the conditions
leading IT renewal in literature. The research question was RQ2-1 “What are the
triggers for IT artefact renewal?” Literature concerning this topic was not
abundant and this motivated the design and formulation of an interview study
on modernization and replacement cases (multiple-case study). The objective
was to compare the differences and similarities between the factors that trigger
modernization and replacement projects in companies. Other issues related to
the differences and similarities of SW modernization and replacement cases
were also included in the study but they were not included in this dissertation.
This was the last study within ELTIS research project that ended 2006. The
result was paper 3. The findings lead to a realization that renewal triggers are
periodically occurring. The need for change accumulates during time as the
system ages and at some point breaks the threshold of change need. In time, the
renewed system also ages and subsequently triggers a need for renewal. The
findings gave inspiration for further research: What is the mechanics that
governs the IT renewal initiation beyond the case-specific triggers? Is it possible
to identify larger a scale pattern that could explain the phenomena behind
renewal triggers on a general level? How could this recurrence be modelled?
The third research cycle started with the investigation of IS life cycle in
order to set a large scale framework for the IT artefact renewal phenomenon.
The original software focus shifted towards IS due to its more comprehensive
nature. Literature review focused, on one hand, on the renewal commercial
software packages (e.g. ERP systems) and, on the other hand, on IS life cycle.
Alter’s (2008a) WSLC model was used as a framework for IS life cycle and for
positioning the triggers, benefit assessment and timing in it. The literature
review led to the realization of the importance of upgrade timing and lack of
empirical research about it. It was also noticed, that IT artefact renewal is
intimately related to a larger picture – the IS life cycle – and that the IT renewal
and related decision making are recurring events in IS life cycle. The research
questions RQ1 “What is the life cycle of an IS from organizational point of view?”,
RQ1-1 “What is the life cycle of an IT artefact from organizational point of view?” and
RQ2-2 “What factors define the IT artefact renewal timing?” were formulated. This
was followed by philosophical, conceptual and analytical study of literature
and related theories (e.g. life cycle theory and change theories) leading to
investigation of whether the better understanding of the IS life cycle would
yield better understanding of and solutions for the IT artefact renewal
evaluation problem. This required empirical investigation. New data collection
was thus designed and conducted in order to study IS life cycle and renewal
timing in companies. The empirical findings provided evidence for the holistic
IS life cycle as a mechanics that governs the IS evolution. The third research
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cycle resulted papers 1, 2 and 4, which hold the understanding of the IT artefact
renewal as part of a bigger picture, and that the benefit evaluation, timing and
triggers are all derived from that same big picture, and are influenced by the
past choices and will influence the future choices.

3.4 The research approach and methods
The selection of the research method is based on the research problem. Because
the IT artefact renewal is approached from organizational decision making
perspective the problem area encompasses a set of different research areas,
namely IS life cycle, IT artefact renewal triggers, timing and benefit assessment.
As a consequence, a combination of research methods is applied respectively to
study each of these areas. The use of more than one approach ensures
triangulation, i.e. examination of the problem area with variety of tools and
multiple sources in order to gain a reliable and truthful picture of it (Jick 1979,
Yin 2003, p. 99). The results of these individual studies are material for the
interpretative analysis and conceptualization that synthesizes the final results of
the thesis.
In order to draw the final results of the thesis, interpretative research
approach (Walsham 1995, Walsham 2006, Traut 2001) is used. Interpretative
tradition is based on the notion of subjective idealism where “Each person
constructs his or her own reality” (Walsham 1995). Interpretative approach aims at
capturing the subjective perceptions of the informants and making
interpretations of them (Walsham 1995). The research areas are investigated in
different settings which can be considered as different cases in themselves.
Hence, the overall research method of this thesis is interpretative case study
(Walsham 1995). Case study, as a research strategy, is particularly suitable in
studying decisions and organizations (Yin 2003, p. 12). Three separate cases can be
identified, each approaching the research topic IT artefact renewal form different
standpoint. Single setting (Lee and Baskerville 2003) approach is used. The
research methodology is depicted in FIGURE 14.
The first setting, representing the first case, is the CIOs in Finnish
corporations that utilize IS to support their operations. IS life cycle and IT
artefact renewal timing is investigated by interviewing CIOs of large
corporations. The research follows the principles of interpretative case study.
The results of these investigations are reported in papers 2 and 4. The interview
is based on theoretical-conceptual analysis, the results of which are reported in
paper 1.
The second research setting consists of the key person participating in IT
artefact renewal projects within Finnish corporations’ IT management. In this
setting, the research focus is on the factors that trigger IT artefact renewal in
organizations. IT management representatives are interviewed by phone.
Comparative case study method is used as IT artefact renewal (modernization)
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triggers are compared to IT artefact renewal triggers in organizations. The
results of this study are reported in paper 3.
QUALITATIVE RESEARCH
CASE 1

Focus:
IS life cycle and IT
artefact renewal
timing

Theoretical CASE 2 Focus:
IT artefact
background
renewal triggers

Interpretation
through the
WSLC model

Results
of the
thesis

CASE 3 Focus:
IT artefact benefit
assessment

FIGURE 14

The research methodology

The third research setting, representing the third research case, focuses on IT
artefact renewal decision making and related benefit assessment in
organizational cases. Experiences from benefit evaluation are obtained through
the use of a ISEBA framework that is constructed to support the benefit
evaluation process in organizations. The results concerning the benefit
evaluation are reported in paper 6. The building of the construct and conduct of
the empirical cases is preceded by literature review, the results of which are
reported in paper 5.
Theory is used as an initial guide to design the data collection (see
Walsham 1995) and, later, as a guide for interpreting the results. Literature
review is used in order to establish a baseline of the previous and current
literature. It is used as basis to form the research questions. In the interpretation,
the WSLC (Alter 2008a) is used as theoretical model. Conceptual analysis was
used in the investigation of IS life cycle. Due to the nature of the research,
critical approach (Traut 2001, Orlikowski and Baroudi 1991) the status quo of the
way the life cycle metaphor is applied in IS field is needed. The correspondence
between characteristics of living organisms and IS require solid theoretical base
to justify the further steps of the research and the applicability of life cycle
theory in IS context. The theoretical analysis also provides with research gaps
and thus is a source of motivation for the research questions.
Empirical research approach is needed in order to connect the theoretical
findings and concepts with real-life. Qualitative research methods are used for
studying the issues that stem from the reviewed literature and theories in a
deeper level in order to gain understanding and evidence on how they manifest
in practice (e.g. IS life cycle or IT renewal benefit assessment). Qualitative
research approach (Denzin and Lincoln 2000) is used in order to investigate the
IS life cycle from user organization’s perspective (RQ1) and the determinants of
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IT artefact renewal (RQ2) empirically. Qualitative research is chosen because it
enables the inquiry of in-depth views and philosophical argumentation on the
studied phenomena (Denzin and Lincoln 2000). The target group (sample) is
chosen appropriately according to the specifications of the research in question
(Stake 2000). The interview, the primary data source of interpretative cases
studies, is used as data collection method because it allows the best position for
the researcher to obtain the perceptions the subjects have on the research topic
(see Walsham 1995). The research topic has been sparingly studied previously
and thus collecting of descriptive data from various organizations by means of
interview was considered the best approach. The interview questions were
based on previous research, literature and theory published on refereed
journals. The content coverage of the interviews is validated by peer-reviews,
i.e. the research associates review the interview questions prior to the
interviews, or they are rigorously assessed in the research group.

3.5 The validity of the research
The corroboration of evidence in qualitative research is done in order to ensure
that the material has not been fabricated, discounted or misinterpreted (Dey
1993). As the main research method is interpretative case study, the validity of
the research has to be in accordance with the quality measures of interpretative
approach and of case study. The quality of case studies, as well as any other
empirical social research, can be determined against the following validity
measures: construct validity, internal validity, external validity and reliability
(Yin 2003, p. 34). Validity "is the degree to which the finding is interpreted in a
correct way" (Kirk and Miller 1986, p. 20). According to (Walsham 1995) Yin’s
description of case study method includes both positivist and interpretative
features. Consequently, Yin’s (2003) validity measures for case studies are
adopted here from interpretative perspective leaving the inapplicable measures,
such as internal validity, out.
Construct validity describes how well the selected research design
succeeds in capturing and representing the studied phenomenon (Yin 2003, pp.
34-35). Construct validity can be increased by using multiple sources of
evidence, maintaining the chain of evidence and having the subjects review the
results (Yin 2003, p. 36). Construct validity of the research is ensured with the
use of multiple sources of evidence (Sawyer 2001, Yin 2003, p. 36) or
triangulation where the evidence on the research topic is inquired from many
sources (Yin 2003, p. 99). Triangulation reduces the odds of misinterpretation as
data is collected from many sources instead of one (Stake 2000). The advantage
of the use of multiple cases is that it provides better grounds, better accuracy
and higher degree of generalizability than a single case (Eisenhardt and
Graebner 2007). This is obtained by using in three different research settings,
each one belonging to a different research cycle. Each research cycle
approached the studied phenomenon from slightly different perspective and
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with slightly different method. For instance in the second cycle IT managers
were interviewed by phone on concerning their experiences on software
modernization and replacement projects, while in the third research cycle CIOs
were interviewed in person concerning the IS life cycle. The chain of evidence
was maintained in the collection and analysis of the data in order to be able to
return to the chain of logic that led to certain conclusions or possible
generalizations as suggested by Yin (2003, p. 34). Construct validity was also
ensured by delivering the results of the data analysis to the interviewees (see
Yin 2003, p. 34). No contradicting comments or change requests was returned.
Internal validity deals with the legitimacy of chain of action-consequence
and their explanations in explanatory or causal studies (Yin 2003, pp. 36-37).
Since the purpose of this study is not searching causal relationships, internal
validity was not concerned with in this research as suggested Yin (2003, p. 34).
Also, even though Yin (2003) relates internal validity to case study validity
measures it is essentially a validity measure of positivist research (see Straub,
Boudreau and Gefen 2004).
External validity refers to the generalisability of the case study results (Yin
2003, p. 37). Orlikowski and Baroudi (1991) argue that interpretative approach
does not seek generalization from the research setting to a population but
instead understanding of the studied phenomenon and its deep structure. In
other words, interpretative research seeks generalization within cases, not
across cases (Lee and Baskerville 2003). Based on this notion, the results of this
thesis are generalisable within the three research settings described in the
previous section. The results provide the reader with indication of how the
CIOs of large Finnish corporations perceive IS life cycle or IT artefact renewal
timing, or which antecedents were considered as triggers for IT artefact renewal
by IT management key personnel. The resulting increase of understanding “can
then be used to inform other settings” as suggested by Orlikowski and Baroudi
(1991, p. 5) but not generalized as rules that would apply in different settings or
in a larger population. Also, the perceptions of CIOs’ on IS life cycle cannot be
generalized as a factual definition of IS life cycle because they are subjective
perceptions bound to time and context and interpreted by the researcher.
According to Yin (2003, p. 38), The external validity of interpretative case
studies does not lie in their generalization to other cases but instead how well
the findings can be generalized to a theory. This “type ET” (from empirical
statements to theoretical statements) generalization holds that findings from
empirical research, whether experimental or case study, are inputs for a theory
formulation (Lee and Baskerville 2003). In this thesis, the findings from each
research setting operate as input for theoretical statements concerning the
relationships between the findings themselves and the relationship between the
findings and the WSLC model. However, as Lee and Baskerville (2003) suggest,
the resulting theory cannot be generalized as such beyond the given cases.
Hence, the results are not generalisable to a larger population of CIOs in a
wider selection of countries, for instance. Such generalizations can be made

46
only after the theory has been sufficiently tested in different settings (Yin 2003,
p. 37).
Reliability gives indication whether the study has been fabricated or its
results falsified (Dey 1993), or whether the results can be trusted. In this study,
reliability is being assured by giving a description, within the limits of
confidentiality, of the research design (including the research process, subjects
and data collection methods), so that it is transparent and the readers could
have an understanding how the research is done and compare it to other cases
as suggested by Stake (2000). In case study research, reliability measures how
well the same case research could be repeated and would the results be the
same (Yin 2003, p. 37). However, the repetition of the exactly same study would
be impossible in practice, since qualitative research always takes place in a
specific time and space as suggested by Dey (1993). Likewise, the
interpretations made by the researcher are subjective and most likely not
repeatable (see Stake 2000). Even the replication of the same study would
require an inconvenient amount of resources and efforts as often is the case in
qualitative research (Dey 1993). Hence, the reliability of this thesis is largely
based on the researchers’ research ethics. Joint efforts in included papers also
strengthen the reliability.

4

INCLUDED PAPERS

This section provides a brief summary of the papers included in the dissertation.
Each of them stands an individual research published during the research
process. The summary includes a description of research objective, research
methods, content and main results. Papers 1, 3, 4, 5, and 6 are results of joint
research efforts with other researchers. The contribution of the author in these
co-authored papers is described in the following summaries.

4.1 Paper 1: The Life Cycle of Information Systems
Kankaanpää I and Pekkola S (2011) The life cycle of information systems. Manuscript,
University of Jyväskylä. Submitted to Journal of Information Technology Theory and
Application (JITTA).
The first paper presents a theoretical foundation for the concept of IS life cycle.
The objective was to compare the characteristics of an IS to the general
characteristics of life in order to find out whether it can be considered as a
living entity and whether the use of life cycle metaphor can be justly applied in
IS context. The study is based on conceptual examination of the life cycle
metaphor from biology and its suitability in IS context. Due to the nature of the
research objective, the conceptual-analytical research method (Järvinen 1999, p.
13) was chosen. The biology-based concept of life cycle was used as a
framework to investigate in what extent the IS life follows the natural cycle of
life. The existing life cycle models were examined and analyzed in the light of
the biology-based life cycle definition. Philosophically this research shares both
ontological and teleological aspects (Hirsjärvi, Remes and Sajavaara 2010, p. 130).
The ontological objective was to explore the true nature of IS by contrasting it to
the biological life characteristics and life cycle. The teleological questions
concerned the purpose of this exploration: the analysis was carried out in order
to justify the further application of life cycle metaphor in IS context. This
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research adopted critical approach (Traut 2001, Orlikowski and Baroudi 1991)
because it questions the status quo of the way the life cycle metaphor is accepted
and commonly used in IS field.
The conceptual analysis reveals that IS, as a socio-technical system, shares
the commonly accepted characteristics of life. An IS has a hierarchical structure,
which provides the basis for the controllability of its complexity; it has inbuilt
homeostasis that keeps the operation within optimum (or tolerable) limits; it
has inheritance on multiple levels (technical, organizational, group, individual)
in form of knowledge transfer; a good correlation between form and function
(business-IT alignment) is a prerequisite for the survival and an indicator for
change need of an IS; the “reproduction” of IS is needed for future generations
to emerge; an IS has to adapt to the changing organization and external
demands and it evolves during time; it grows and matures through the life
stages; it requires external energy (in form of human efforts and other resources)
in order to stay alive, i.e. operational; and it has to response to external stimuli
(changing requirements) in order to remain in use (i.e. alive). The IS life cycle
was defined as a sequence of stages from implementation of an IS to the
implementation of an upgraded IS of subsequent generation. In IS literature the
best corresponding model is the work system life cycle that treats IS as a sociotechnical, constantly evolving system (Alter 2008a). The results of the
conceptual analysis indicate that the life cycle metaphor is suitable in IS context
when IS is viewed as a socio-technical system. It depicts the iterative nature of
IS life and provides a holistic conceptual framework for understanding the
continuously changing nature of IS from user organization’s perspective.
Further analysis revealed, that the life cycle of both custom-made and
commercial packaged software is similar. The differences are noticeable e.g. in
the development goals, user participation, the number of stakeholders
throughout the life cycle, evolution mechanisms and renewal triggers.
This paper was planned and written by Irja Kankaanpää and Samuli
Pekkola. The literature survey, analysis and theory formulation was conducted
by Irja Kankaanpää.

4.2 Paper 2: Information system’s life cycle: Interpretative study
on CIO perceptions
Kankaanpää, I. (2010) Information system’s life cycle: Interpretative study on CIO
perceptions. Submitted to Scandinavian Journal of Information Systems (SJIS) 6.7.2011.
The second paper approaches IS cycle from IT management point of view. Life
cycle theory (Van de Ven and Poole 1995) was used as a framework to guide the
research. Literature review covers different types of life cycle models on IS field
including ISD process (Avison and Fitzgerald 2008), ERP lice cycle models (e.g.
Esteves and Pastor 1999) and work system life cycle model (Alter 2008a). The
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objective was to investigate the perception of CIOs on IS life cycle. Empirical
study was carried out. Interpretative research approach (Walsham 1995) was
adopted. Fifteen CIOs from various fields of industry were interviewed in order
to gain empirical evidence on the nature of IS life cycle in user organizations.
The findings indicate that the CIOs perceive the IS life cycle in three
different ways, namely, as a linear sequence of stages, as system age or as a part
of the life cycle or organizational processes. The findings also indicate that the
perception on IS life cycle is related to the perception of IS, as suggested earlier
by Orlikowski and Iacono (2001). The interpretative analysis revealed two
underlying perception towards IS. When viewed from technical perspective, IS
consists of a software and hardware. It represents to the CIOs a technical
system with a clearly defined sequence of life stages. It lives in the organization
and has a clearly defined life span from birth to death. Moreover, it can be
replaced, changed, integrated or outsourced. When viewed from socio-technical
perspective, however, the IS it is tightly embedded in the organizational
processes and IT infrastructure, incorporates human-aspect and shares the
purpose of the organization and its tasks. On the other hand, the CIOs perceive
the IS life cycle as a continuously evolving socio-technical system that lives with
the organization, processes, tasks and with the work that humans carry out in
the organization. The study revealed that renewal of IS as a technical system is
triggered by the need to change or add something new to the existing system.
These are determined by business, technology, and vendor. Business defines the
framework in which the IS operates and projects its needs, whether external or
internal origin, on the IS. Technology both guides IS evolution by its tendency
to grow old and eventually turn the system legacy if not renewed. System
vendor commonly triggers system renewal by halting the provision of system
support and recommending version upgrade.
This study was planned and conducted by Irja Kankaanpää.

4.3 Paper 3: Legacy system evolution – A comparative study of
modernization and replacement initiation factors
Kankaanpää I., Tiihonen P., Ahonen J. J., Koskinen J., Tilus T., and Sivula H. (2007)
Legacy System Evolution – A Comparative Study of Modernisation and Replacement
Initiation Factors. In A. Costa, V. Duarte, B. Encarnação, L. Marques and V. Pedrosa
(Eds.) the Proceedings of the Ninth International Conference on Enterprise Information
Systems (ICEIS 2007), DISI (pp. 280-287), Madeira: INSTICC.
The third paper studies the factors leading to the initiation of software renewal
by means of system modernization or replacement. The objective was to
investigate how modernization and replacement projects differ from each other
with respect to their initiation triggers. On this little studied field the possible
results were difficult to hypothesize in advance and it required pioneer research
to open up the research field. Hence qualitative research was applied for the
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empirical investigation of the phenomenon. 29 upper and middle level IT
managers were interviewed. Each interview was focused on a modernization
(14 cases) or a replacement case (15 cases).
The findings indicate that the most common initiatives for modernization
are the business development, system’s old age and obsolete technology. The
most common initiatives for system replacement, on the contrary, are the old
age of the existing system, the end of vendor’s support and system’s inability to
respond to company’s business needs. In general, however, system age,
obsolete technology and high operation or maintenance costs are drivers for
both modernization and replacement decisions. The findings also indicate that
there is a correlation between the intended business development and
modernization. Organizations that modernized their legacy system exhibited a
clear desire for business process development. The interviewees were aware of
IT trends in their field of business and decided to modernize their system(s) in
order to enhance their business. The findings indicate strong vendor influence
on decisions to replace a legacy system with a new system. A major motivator
for system replacement was vendor’s announcement of ending the system
support.
This paper was planned by Irja Kankaanpää, Päivi Tiihonen, Jarmo J.
Ahonen, Jussi Koskinen, Tero Tilus and Henna Sivula. The design of the data
collection was carried out by all the authors. Data collection was conducted by
Päivi Tiihonen, Henna Sivula and Irja Kankaanpää. Data analysis and writing
of the paper was done by Päivi Tiihonen and Irja Kankaanpää.

4.4 Paper 4: Timing the information system upgrade
Kankaanpää I. and Pekkola S. (2010) Timing the information system upgrade. In P. M.
Alexander, M. Turpin and J. P. van Deventer (Eds.) the proceedings of the 18th
European Conference on Information Systems (ECIS2010) (pp. 1545-1557). Pretoria:
University of Pretoria.
The fourth paper studies packaged system upgrade timing from user
organization’s perspective. The objective was to identify conditions that define
the timing of upgrading. This phenomenon was approached by means of
literature survey followed by empirical investigation. Literature survey covered
customer’s and vendor’s interests with respect to software product upgrading.
It revealed potential conflicts between customer and vendor with respect to
upgrade timing. The customer’s interest is to upgrade the IS on the need-basis
while the vendor’s interest is to induce upgrades based on their own product
life cycle. Interview questions were formulated on the basis of these literature
findings and interviews conducted accordingly. Fifteen CIOs were interviewed
face-to-face in order to canvas their thoughts, reasoning and experiences related
IT renewal timing. The empirical study was carried out in accordance to
interpretative tradition (Walsham 1995).
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The empirical findings indicate that packaged software upgrade timing is
determined by business interests, business calendar, on-going and future
development projects, and the vendor. Business interests define the basis and
large scale time-frame for IS upgrade timing. It includes the potential business
value of the upgrade, minimizing hindrance of the upgrade for business, and
the organization’s readiness for upgrading. Business calendar defines the
possible annual time slots for upgrades through the recurring events in the
business, such as high and low seasons of sales, reporting and closing the
accounts in the end of the year, production seasons and holiday seasons, etc. IT
renewal is timed in a way that it does not overlap with other internal
development projects unless they can be combined with joint benefits. IT
strategy provides general guidelines for upgrade timing. The system vendor
has an influence on the upgrade timing through the provision of new versions,
the maturity the new versions and their release timing. These factors define
how fast the user organization can upgrade their systems. The vendor also
influences on upgrade timing by defining the end-of-support-date for older
versions. This pushes the organizations to upgrade faster than needed from
business perspective.
This paper was co-authored with Samuli Pekkola. The background
literature analysis, data collection and data analysis were conducted by Irja
Kankaanpää.

4.5 Paper 5: IS Evolution Benefit Assessment – Challenges with
Economic Investment Criteria
Kankaanpää I., Koskinen J., Tilus T., Sivula H., Lintinen H. and Ahonen J. J. (2007) IS
Evolution Benefit Assessment - Challenges with Economic Investment Criteria. In W.
Abramowicz and H. C. Mayr (Eds.) Technologies for Business Information Systems (pp.
183-191). Netherlands: Springer.
The fifth paper studies the challenges related to the use of economic assessment
criteria in IS evolution benefit evaluation. The objective was to chart the
available economical methods for IT renewal evaluation and to analyze their
suitability for this purpose based on the experiences and findings in related
literature. Theoretical research approach was used for investigating the benefit
assessment of IS evolution investments because an overview of the research
topic was needed. A literature review of the IT benefit evaluation literature was
conducted. The concepts of traditional, economic investment evaluation were
examined as basis.
Eight traditional investment evaluation criteria were analyzed: net present
value (NPV), internal rate of return (IRR), profitability index, payback period,
discounted payback period, average accounting return (AAR) (Ross,
Westerfield and Jordan 1998, p. 23), return on investment (ROI) method and
real options (Curley 2004, p. 139). Their suitability in IS evolution benefit
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evaluation was assessed in the light of literature findings. The findings indicate
that NPV and ROI are be the most appropriate for IS evolution benefit
assessment. They may not be sufficient if used alone and hence should be
complemented with other methods, including average accounting return (AAR),
internal rate of return (IRR) and payback period (see Ross et al. 1998, p. 23). The
high uncertainty typically related to IT projects, project timing and risks are
addressed the best by real options method (Curley 2004, p. 139). Four major
challenges were identified in the IS evolution investment evaluation. The first
challenge is the selection of suitable benefit assessment methods. Each method
has its strengths and weaknesses that define the exact area where it is
applicable. The second challenge is to collect the input data needed to carry out
the calculations in accordance with the selected method (Verhoef 2002).
Without proper data even the best method can only produce sophisticated
guesses. The third challenge related to the use of economic evaluation criteria is
that they are unable to capture intangible and unquantifiable benefits common
to IT investments (Remenyi et al. 2000). The fourth challenge is the
identification of the potential evolution options and comparing them with
consistent manner, i.e. being able to identify a method or a set of methods that
can capture the benefits of all the evolution alternatives in order to enable their
reliable comparison. The theoretical proposition of this paper is that the IS
evaluation method should be selected according to the organizational skills,
available resources, available data, investment characteristics and whether there
is a need to compare different evolution alternatives. One-method-fits-all does
not exist in IS evolution evaluation. This paper approaches the IS evolution
benefit assessment problem from theoretical perspective. It was conducted in a
form of literature analysis. The purpose of the paper was to provide theoretical
basis for further empirical investigation that is reported in paper 6.
This paper was planned by Irja Kankaanpää, Jussi Koskinen, Tero Tilus,
Henna Sivula, Heikki Lintinen and Jarmo J. Ahonen. The literature survey for
the theoretical background, the analysis and writing the paper was carried out
by Irja Kankaanpää. Jussi Koskinen, Tero Tilus, Henna Sivula, Heikki Lintinen
and Jarmo J. Ahonen reviewed the paper and provided with valuable
commentaries and suggestions for improvement.

4.6 Paper 6: ISEBA – A Framework for IS Evolution Benefit
Assessment
Kankaanpää I., Sivula H., Ahonen J. J., Tilus T., Koskinen J. and Juutilainen P. (2005)
ISEBA – A Framework for IS Evolution Benefit Assessment. In D. Remenyi (Ed.) the
Proceedings of the 12th European Conference on Information Technology Evaluation
(ECITE 2005) (pp. 255-264). UK: Academic Conferences International.
The sixth paper approaches IT artefact renewal from benefit assessment
perspective. The objective was to address the challenge of IT renewal benefit
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assessment by developing a framework to assist the selection of a suitable
benefit evaluation method. The paper adopted constructive research approach.
Constructive research builds a new artefact based on existing research and need
for improvement, be it technical or organizational (Järvinen 1999, p. 59). The
purpose was to construct a tool that would promote a systematic evaluation
method selection process. The ISEBA framework consists of a process
description which is supported by a requirement-method-matrix, input-data
descriptions, description of resources and skills, and guidelines for result
interpretation. These latter ones are merely referred in the paper, with the
exception of requirement-method-matrix of which an example is given. The
design itself was a long term search process through literature and existing
research. The experiences from the application of ISEBA framework indicate
that the availability of resources and the capabilities for input-data collection
influence the selection of the evaluation method. Familiar methods are more
easily accepted than unfamiliar ones. In company cases, the selected benefit
assessment methods included user satisfaction, system’s suitability to
organization's business processes, technical quality and business value of the
system. Financial benefit assessment was considered interesting but was not
conducted due to missing data for the calculations of costs and benefits.
This paper was co-authored with Henna Sivula, Jarmo J. Ahonen, Tero
Tilus, Jussi Koskinen and Päivi Juutilainen. Irja Kankaanpää conducted the
literature analysis, framework and method-matrix development and writing the
paper. Tero Tilus and Jussi Koskinen carried out the visual design of the
framework structure (Figure 1 in paper 5). Case 1 was conducted by Tero Tilus,
Henna Sivula and Heikki Lintinen. Case 2 was conducted together with Henna
Sivula. All authors participated in reviewing and commenting the paper.

4.7 The interrelationship between the papers
The dissertation includes six papers. Each one approaches the research objective
from a different angle (see FIGURE 15). The first paper defines the research
context by establishing the IS life cycle from organizational point of view based
on the work system life cycle (see Alter 2008a). It presents conceptual and
theoretical analysis of IS as a living entity that continuously evolves and adapts
to environmental changes through the repetitive life cycle stages. It
demonstrates that an IS as a socio-technical system shares the characteristics of
living entities and, consequently, it justifies the use of life cycle theory in IS
context. The second paper complements the aforementioned study on IS life
cycle with empirical findings. It reveals that in practice IT life cycle is perceived
in three ways: as a linear sequence of stages, as life time of a system or as
continuously evolving system that it integrated to the processes it supports
depending on the view the perceiver has towards the IS (technical or sociotechnical view). Papers 1 and 2 seek answers to RQ1 and simultaneously serve
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as a foundation for the rest of the included papers. Paper 2 also provides
answer to RQ2-1 as it includes reasons for IT artefact renewal.
The third paper presents results of an empirical study of factors that
trigger IT artefact renewal in form of modernization and replacement. This
paper complements the IS life cycle framework by defining the driving forces
that initiate a new cycle. The third paper contributes to RQ2 by providing an
answer to its sub-question RQ2-1.
The fourth paper studies the factors influencing the timing of IT artefact
renewal and its possible time frames in organizations. It contributes to RQ1 by
answering RQ1-2. Paper 4 also contributes to the question about renewal
triggers (RQ1-1) due to finding that most renewal triggers play important part
in defining the renewal timing.
The fifth paper approaches the IT artefact renewal from benefit evaluation
perspective. The suitability and challenges of economic benefit assessment
methods are analyzed by means of literature review. The findings indicate that
the application of traditional economic benefit assessment criteria in IT artefact
renewal context is challenging and possibly misleading.
The sixth paper studies the IT artefact benefit assessment in practice. It
forms the constructive part of the thesis by introducing a framework for IS
evolution benefit assessment (ISEBA) to support the method selection for IT
artefact renewal evaluation.

FIGURE 15

The research construct with the related articles.
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In summary, papers 1 and 2 define the research context. Papers 3, 4, 5 and 6
contribute to the determinants of IS renewal initiation. The correspondence of
the included papers to the research questions is summarized in TABLE 3.
TABLE 3

The included papers and the research questions

RQ1

RQ1-1

Paper 1

X

X

Paper 2

X

X

Paper 3
Paper 4

X

RQ2

RQ2-1

X

X

X

X

X

X

RQ2-2

RQ2-3

X

Paper 5

X

X

Paper 6

X

X

5

DISCUSSION OF THE RESULTS

The main research questions addressed in this dissertation were: What is the life
cycle of an IS from organizational point of view? and What are the determinants for IT
artefact renewal in organizations? These questions are connected to each other
because a new cycle in IS life begins through its renewal. The following sections
provide answers to the research questions.

5.1 IS life cycle from organizational perspective
The understanding of IS life cycle is a precondition for managing it in
organizations. The current life cycle models do not support management
function or the organization’s perspective as they do not engage IT with
organizational change (McGann and Lyytinen 2008): Development models
approach IS life cycle as a development project; implementation oriented life
cycle models treat the IS life cycle as an implementation project. However,
when viewed from organizational perspective, development and
implementation are both events in a sequence of events the IS undergoes during
its existence at the service of the organization. The organization that uses the IS
views it from a wider perspective, as part of the organizational processes and
tasks.
The research question What is the life cycle of an IS from organizational point
of view? seeks perceptions on IS life cycle and the nature of IS life cycle in
organizations. The use of life cycle metaphor in IS context is justified by
attesting that IS, as a socio-technical system, exhibits the general life
characteristics. IS life cycle is perceived in organizations in three different ways:
1) as life time of the system (defined in years), 2) as life span of the system
(defined as a linear sequence of stages) and 3) as a continuously evolving part
of processes and tasks it supports (defined as a cycle). The interpretation of
these perceptions reveal a dual view towards information systems: On one
hand they are perceived as technical systems while on the other hand they are
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perceived as socio-technical systems. Technical view corresponds to IT artefact
definition by Orlikowski and Iacono (2001, p. 121) as
“bundles of material and cultural properties packaged in some socially recognizable
form such as hardware and/or software”.

The socio-technical view, in turn, corresponds to Alter’s (2008a) work system
and to Leavitt’s (1965) socio-technical model.
The life time and life span are related to the life cycle of IT artefact. The life
cycle of a technical system is perceived as a life stages from cradle to grave,
consisting of identification of need, decision to start, requirements specification,
acquisition or development project, implementation, use and maintenance,
further development (modifications and upgrades) close-down phases. This
approach is similar to Esteves and Pastor’s (1999) ERP system life cycle model
and also correlates to traditional ISD process (Avison and Fitzgerald 2008). The
life cycle of IT artefact is also evaluated on the basis of system’s life time in
organizational use (FIGURE 16). In related literature this has correlation to
software lifetime (Tamai and Torimitsu 1992) and useful life (Tan and
Mookerjee 2005). Interestingly, the maximum (30 years) and minimum (1 year)
of system life time correspond to those of twenty years ago (Tamai and
Torimitsu 1992).
Life stages
Need

decision
to start

requirements
specification

acquisition or
development

implement
ation

use and
maintenance

modifications
and upgrades

closedown

Life time: 1-30

FIGURE 16

Linear life stages and life time of IT artefact

The life cycle of a socio-technical system is perceived as a continuously evolving
system, similar to WSLC model (Alter 2008a). Its life cycle phases were not
explicitly defined by the CIOs yet it was considered as a never-ending cycle
where the IS evolution follows closely the life cycle of organization’s processes
and tasks. The IS is integrated in organizational processes and tasks in such
depth that they form an inseparable entity. Hence, it is called process-integrated
life cycle. In FIGURE 17, the WSLC model has been adapted to depict the
process-integrated IS life cycle view. As an IS is a sum of processes and
activities, participants, information and technology, as suggested by Alter
(2008a), this adapted model shows how these four elements share the same life
cycle and, as consequence, change together.
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FIGURE 17

Process-integrated IS life cycle

Hence, the answer to RQ1 and its sub-question RQ1-1 is: IS life cycle is the sum
of perceptions one has towards IS itself and its life. The definition of IS life cycle
depends on whether it is perceived as an IT artefact or a work system, or as
technical or socio-technical system respectively. IT artefact life cycle is a linear
representation of life stages or life time from beginning to an end. IS life cycle is
a cycle that enables its continuous change through recurring stages. These
results are summarized in TABLE 4.
TABLE 4

The IS and IT artefact life cycle views

IS view
Technical

IS definition
IT artefact

IS life cycle view
Linear, lifetime

Linear, life stages

Socio-technical

Work system

Cyclical, processintegrated

Similar views in literature
Software lifetime (Tamai and
Torimitsu 1992), useful life (Tan
and Mookerjee 2005)
ERP life cycle (Esteves and Pastor
1999), ISD life cycle (Avison and
Fitzgerald 2008)
WSLC (Alter 2008a), sociotechnical model (Leavitt 1965)
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5.2 The determinants of IT artefact renewal
The second research question “What are the determinants for IT artefact renewal in
organisations?”addresses the need to justify IT artefact renewal decisions. Such
decisions should be based on the rationale of why the renewal is needed and
what benefits does it renewal provide and when is the best time to renew. The
alternatives for IT artefact evolution include termination of the IT artefact
(decision alternative (DA1), renewal of IT artefact (DA2) or continuing
maintenance (DA3) (see FIGURE 18). The first alternative terminates the life of
the particular IT artefact. The second alternative initiates a new evolutionary
cycle through radical change. The third alternative means continuing the use
and maintenance and adaptation of IT artefact through incremental adaptation.

FIGURE 18

Decision making of IT artefact evolution

The second research question was approached from three perspectives, i.e. IT
artefact renewal triggers, benefits and timing that constitute the IT artefact
renewal determinants (see TABLE 5). Respectively, three sub-questions were
formulated.
The first sub-question What are the triggers for IT artefact renewal? was
examined by means of literature analysis and empirical study. The empirical
findings show that IT renewal triggers emerge from three sources, namely
technology, business and vendor. Technology related triggers are for IT artefact
renewal include the system’s old age, obsolete technology and high operation
or maintenance costs, incompatibility with other systems and need to unify
separate systems and scattered data, system’s incompliance with company’s
business needs. Business related triggers include need for business or process
development and compliance with IT strategy. Vendor triggers IT artefact
renewal, particularly replacement, by regulating how long it will provide
system support for each version. IT artefact renewal decisions were also
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influenced by external factors such as change of legislation, requirements from
business partners and customers and IT trends in field of industry. Vendor is
presented separately from other external factors because it is a special case
among them. Its triggering influence on IT artefact renewal and particularly on
its timing is significantly greater compared to the other external forces.
TABLE 5
Determinant

Summary of the IT artefact renewal determinants
General
Technology

Triggers
Business
External, vendor
External, other

Economic benefits
Benefits

Intangible benefits

Business interests

Business calendar
Timing
Development projects
IT strategy
Vendor

Detailed
• system’s old age
• obsolete technology
• high operation and maintenance costs
• incompatibility with other systems
• unification of separate systems or scattered
data
•
incompliance with business needs
• business or business process development
• compliance with IT strategy
• end of system support
• statutory changes
• requirements from business partners
•
requirements from customers
•
IT trends in field of industry
• NPV
• ROI
• user satisfaction
• system’s suitability for business processes
• technical quality of the system
• business value of the system
• business value of the upgrade
• minimizing hindrance for the business
• available resources
• high and low seasons
• closing of the accounts and reporting in the
end of fiscal year
• holiday seasons
• on-going projects
• future projects
• time frame for regular upgrades
• availability of new versions
• maturity the versions
• version release timing
• sunset-date

The benefit evaluation was addressed in the sub-question How are the IT artefact
renewal benefits evaluated? The answer to this question is: IT artefact renewal
benefits are evaluated case by case, depending on the renewal triggers. In the
case companies the most effective and applicable evaluation methods were user
satisfaction questionnaire and stakeholder interviews. Intangible benefit
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evaluation methods were preferred over economic criteria. Familiar methods
were preferred over unfamiliar methods. The evaluation methods that used
minimum amount of resources and that were proven to work are preferred
over formalized methods. Traditional economic evaluation criteria, including
ROI and NPV, are insufficient and challenging to apply in IT artefact renewal
benefit evaluation. The greatest challenges are collection of input data for the
calculations in accordance with the selected method, the inability of the
economic criteria in capturing the intangible and unquantifiable benefits, and
the identification of the potential evolution alternatives and comparing them to
each other systematically. The selection of suitable method(s) for IT artefact
renewal benefit evaluation was recognized as one of the most serious problems
in IT investment benefit evaluation in the literature. Despite of the plentiful
supply of methods the IT renewal benefit evaluation is a difficult task. In both
ISEBA test-cases the firstly selected evaluation criteria was later modified by
removing the criteria the measurement of which would have been resource
consuming or otherwise considered difficult to carry out. This boils down to the
question of evaluating the evaluation effort itself – how much evaluation is
enough and how much benefits the evaluation of the IT investment yields? In
the end, the user satisfaction was the major indicator for the need of change in
the studied case companies.
The research question What factors define the IT artefact renewal timing? was
examined by CIO interviews in order to identify conditions that define the
upgrade timing. The findings indicate that packaged software upgrade timing
is determined by organization’s business interests, business calendar, on-going
and future development projects, and the vendor. Business interests include the
business value of the upgrade, minimizing hindrance for the business, and the
organization’s readiness (available resources) for an upgrade. Business calendar
refers to the recurring business activities including high and low seasons,
reporting and closing the accounts in the end of fiscal year, and holiday seasons.
The business calendar is company and business field specific and strictly
defines the possible time slots for upgrades. Upgrade timing is dependent on
organization’s IT strategy and project portfolio, i.e. on-going and planned
projects. In the studied companies the timing strategy for upgrades was to
avoid overlapping with other projects or to combine them with other projects if
this was considered beneficial. IT strategy regulates timing by defining a time
frame for regular upgrades. Upgrade timing is influenced by system vendor
through the availability of new, suitable version, the maturity the new versions
and their release timing. Vendor’s sunset-date for older version support pushes
customers to upgrade in order to avoid the risks of running unsupported
applications.
The findings reveal that majority of the factors that trigger IT artefact
renewal also influence the renewal timing. Business interests, e.g. need for
process development, are a major trigger and simultaneously define the time
frame for the renewal, i.e. when does the IT artefact renewal investment yield
the greatest benefits and causes minimum hindrance to the business. Vendor
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influences both in the decision to renew, e.g. by announcing the end of support
for the current version, and the timing by giving the sun-set-date for the
support. In general, the business needs of the user-organization and the system
vendor define the urgency of timing through the amount of pressure they apply
on the need to renew. Project portfolio defines how resources are allocated for
different projects and through this it sets the possibilities and limitations for
timing. It defines whether IT renewal is possible and when there are sufficiently
available resources for it. Also vendor sets possibilities and limitations on the
timing through the availability of new versions, maturity of a new version, and
version release schedule. These define the limits how fast the user-organization
can upgrade their systems if they desire to do so. The on-going and future
projects influence on the timing strategy of IT artefact renewal, i.e. whether to
combine IT renewal project with other on-going projects or to avoid
overlapping projects. The timing strategy is also influenced by the expected
benefits from the IT renewal. It may be strategically better, for instance, to wait
for other organizations to test and adopt certain technology or new version first
and learn from their experiences, or to skip versions that do not have suitable
features as suggested by Mukherji et al. (2006). As a synthesis of the empirical
and literature findings the IT artefact timing determinants define the urgency of
timing, the possibilities and limitations of timing and the timing strategy.

5.3 Contributions
The thesis makes the contributions to research and practice by providing novel
results concerning conditions influencing IT artefact renewal in organizations. It
contributes to both research and practice by increasing the understanding of the
IS life cycle form organization’s perspective. This is done by explaining the
previously obscure areas and specifying the scope of WSLC.
The first result is the revised application area of the WSLC model. The
WSLC, as such, models the life cycle of an IS as a socio-technical system. The
iterative nature of the WSLC is obtained through the integration of its different
elements through processes and activities. Together they form an IS that
continuously evolves. If IT artefact is taken out of the WSLC model and
examined as an individual element the connection to other elements is cut and,
as a consequence, the cyclic continuity is lost. Hence, the WSLC fails to model
the life cycle of an IT artefact. This makes a contribution to practice, particularly
for IT management and IS life cycle management in organizations. The view
one has toward IS has a great significance in communication because it is
related to a subjective perception of the IS life cycle, that can be either linear or
cyclical. These perceptions of IS and its life cycle can be identified through
communication between people. If not communicated clearly room is left for
misunderstandings and false assumptions. People apparently speak about the
“same” IS but in reality it represents different thing for different people, as it is
the case within the CIOs. This emphasizes the significance of openly defining
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the shared concepts throughout the organization so that everybody speak about
the IS and its life cycle with the same name and with the same meaning. The
revised life cycle model has practical implications to IT management as it
contributes in increasing the understanding of the cyclical nature of an IS and
conditions that lead to the start of a new cycle.
The second result is the explanation of the “decision diamond” in the
WSLC model. Despite of its many revisions, the WSLC model lacks an
explanation for the diamond shaped figure that connects the operation and
maintenance phase with the initiation phase. This thesis contributes to theory
by providing such explanation: the diamond signifies a decision making point
in IS life cycle. It is significant to the overall life cycle because without such
decision, planned IS change or IT artefact renewal were not possible. The
decision diamond is a part of organizational IT management. It is strategic by
nature because it takes into consideration the corporate strategy for maintaining
or achieving better business-IT alignment. It may include building strategic
partnerships with software vendors – or it may include terminating them. It
may initiate a radical change in the organization through IT artefact renewal –
or it may not change anything for the time being. Regardless of the outcome of
the decision, the decision diamond includes three types of evaluation that
provide input for the actual decision making and support the building of a
business case.
The results provide guidelines for IT management when evaluating the IT
artefact renewal determinants in order to support the actual IT artefact decision
making. Firstly, the need for change should be evaluated. This refers to the
triggers that originate from the operation and maintenance phase as the
alignment between IS and business is monitored. The questions asked during
this evaluation should include:
•
•

Does the pressure for change exceed the critical threshold?
What kind of action is required - small scale adaptation or radical change?

Secondly, the possible alternatives and related benefits should be evaluated.
This includes questions such as:
•
•

What are the expected benefits of different alternatives?
What is the cost of not doing anything?

Thirdly, the timing of the IT artefact renewal should be evaluated. The
questions considering IT artefact renewal timing include:
•
•

When is the optimum time for renewal in relation to organizational
forces, external forces and contingencies?
Is the renewal more beneficial when done sooner or later?
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The evaluation determines when and how the renewal will be conducted, or
whether is conducted at all. It provides basis for the decision to proceed to the
IT artefact renewal initiation phase. The purpose of the evaluation is to ensure
that the IT artefact renewal is feasible. If no feasible alternative is found there
are two options: to return to continue maintenance or to terminate the IT
artefact. The evaluation considers also the potential implications of IT artefact
renewal with respect to the remaining IS elements, i.e. processes and tasks,
participants and information.
The third result is that the renewed WSLC model incorporates the IT
artefact renewal determinants. The renewal triggers are related to the operation
and maintenance phase during which they emerge. All the renewal
determinants, i.e. triggers, benefits and timing, are inputs to the IT artefact
renewal decision making. Triggers are results of the pressure for change
exceeding the critical threshold during operation and maintenance phase.
WSLC model, as Alter (2008a) describes it, does not include triggers. Instead it
includes monitoring the work system performance (Alter 2002) or the
alignments between IS and the needs of the work system (Alter 2003). The
findings of this thesis indicate however that the plain monitoring is not
sufficient enough. Instead, the monitoring results have to be evaluated. If there
is a clear indication for a need for change then that triggers the decision making
procedure. Besides this, the triggers are important in the decision diamond.
They state the reason why change is needed and hence provide a starting point
for the definition of the IT artefact renewal goals. The goals, in turn, cascade
forward as they form the foundation for the definition of the benefit evaluation
criteria are derived.
The fourth result is the expansion of the scope of Khoo and Robey’s (2007)
model on ERP upgrade decision. The expansion is based on the following
statements: 1) the available time frame is a significant contingency factor in IT
renewal decision making, 2) benefits influence the IT artefact renewal decision,
3) legacy system renewal is significant besides packaged system upgrade, and 4)
there are differences in the factors that trigger modernization and replacement.
Modernization is more business development driven while replacement
decisions are typically vendor driven.
The fifth result is that the IT renewal triggers and factors influencing the
renewal timing are similar. Business interests and vendor influence the IT
artefact renewal timing as they trigger the renewal need. They define the
urgency of timing. On-going and future projects influencing the timing
correspond directly to the available resources: the more projects, the less
available resources. The project portfolio therefore defines the timing strategy
with respect to other projects. If synergy benefits were to be expected IT
renewal is likely to be combined with business process development projects.
Otherwise simultaneous projects with IT renewal are avoided. The company’s
annual business calendar has a major influence on the renewal timing. It strictly
defines the time-periods during which the renewal cannot be done.
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These results provide theoretical contribution because they complement
the WSLC model and increase the general understanding. The results provide
practical contribution because they explain the determinants of IT artefact
renewal and provide guidelines for IT artefact decision making for IT
management.

6

CONCLUSIONS, LIMITATIONS AND FUTURE
RESEARCH

This chapter provides the conclusions and limitations of the study followed by
suggested directions for future research and reflections of conducting the
research.

6.1 Conclusions
This thesis states that the life cycle of IS, as a socio-technical system, is cyclical
rather than linear. Within this cyclic view, the IS is renewed at certain intervals
in order to stay aligned with organizational needs. The renewal of the IT
artefact is labor-intensive and costly effort with wide-range influences in
organizations. Consequently, the related decisions have to be well justified.
Three types of determinants influencing the IT artefact renewal decisions were
identified and studied, namely renewal triggers, benefits and timing. Renewal
triggers indicate a need for change including its motive and criticality. Benefit
evaluation aims at ensuring that the renewal effort yields benefits and is worth
of investing organizational resources. Timing is related to identifying a suitable
time period for carrying out the IT artefact renewal. Together these three
aspects determine the IT artefact renewal.
The IT artefact renewal determinants are interrelated and partly
overlapping. In the following the interrelations are briefly described with
examples. Triggers – benefits: There is a need for IT artefact change which is
expected to yield benefits. Benefits – triggers: A benefit can be a trigger for
change in form of opportunity. For instance company’s good economic
situation can enable beneficial IT renewal without actual need-based trigger.
Triggers – timing relation describes how fast the perceived has to be reacted
upon, how critical the need for change is. For instance end of vendor support is
a trigger that may have high urgency level since action is needed within the
timeframe set by the vendor. Timing – triggers: Timing related factors can act as
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triggers when organizational time frames may require IT artefact renewal
earlier (or later) than the need-based triggers would indicate. For instance
company’s IT strategy or vendor’s release schedule may dictate IT renewal
timing. Benefits – timing: The realization of IT artefact benefits depend on their
timing. For instance, an IT artefact renewal that is expected to benefit the
organization by increasing the IT artefact’s suitability to business processes is
carried out in the middle of the high sales season. As a result, business is
hindered and the realized benefits are lower than expected. Timing – benefits:
Timing opportunities, for instance in form of joint projects where IT renewal is
combined with organizational development project, may yield synergy benefits.
The interrelation of the IT artefact renewal determinants is depicted in FIGURE
19.

Triggers
Need

Urgency

Opportunity

Benefits

Strategy

Realization

Timing

Opportunity

FIGURE 19

The interrelation of the IT artefact renewal determinants

The findings of this thesis coincide with the suggestion of Alter’s (2008a)
twofold definition of IS that is based on the emphasis on either social concerns
or technical concerns. IS is studied from various perspectives and consequently,
and not surprisingly, there is a great variety of definitions for IS (Alter 2008a).
However, the phenomenon of multi-defined IS does not only occur in the
research world. Also the practitioners’ community is lacking a uniform
definition of IS. There is a need for a holistic IS life cycle that can help both
practitioners and researchers to position the IS evolution and renewal
mechanics in a larger framework and in a pattern of continuity and, by doing so,
assisting the IS life cycle management in organizations.

6.2 Limitations
This study has certain limitations that should be considered while interpreting
the results. Firstly, the thesis approaches the IS life cycle and evolution from the
organization’s perspective. Vendor’s perspective is not included (except in the

68
light of literature) and hence the thesis gives a one-sided picture of the studied
phenomenon. Also, only one to two persons were interviewed in most
organizations and hence the results represent the personal experiences and
opinions of the interviewees rather than the organization’s. However, the data
naturally reflects the organizational context and in the end, the results are
interviewee’s personal perceptions through the particular organizational lenses.
The results might have been different if data collection was inquired from
multiple persons in the organizations. Nevertheless, one of the aims of the
thesis was to collect CIO perceptions and in that it succeeded.
Secondly, the conduct of the research has some limitations. The empirical
research was conducted mainly by the means of interview. The use of
additional research methods would have provided better methodological
triangulation. The results would have been possibly improved by either using
additional quantitative methods in order to acquire data from a larger sample,
or by using in-depth case analysis of one or two cases in order to build a deeper
case description and analysis. However, as the research topic is new research
methods have to be able to provide deep insights and understanding of it.
Hence, the use of qualitative, deep-drilling methods, such as case study method,
and interview, as data acquisition technique, are justified.
The selection method for research targets also has its limitations. The
interviewees were given the freedom to choose the renewal cases from their
organization’s past for the interviews. A possible danger related to this
approach is that the interviewees chose only successful cases for the interview
and left out poorly conducted projects. This may have skewed the results and
given more positive image of the IT renewal projects than a random sample
would have.
Thirdly, the incomplete publication of ISEBA framework limits the
replication of the research. The requirement-method-matrix, which is a central
supporting element in the selection of benefit evaluation methods, is only
partially presented in the fifth paper. ISEBA framework can also be subjected to
critics because its intention was to refine the earlier models for method selection
(Andresen 2002 and Farbey et al. 1992) yet there was not sufficiently data
available of Andresen’s model, for instance, to enable its thorough investigation
which would have been a prerequisite for systematic improvements and
transfer in IT renewal context. Also, the research process in the constructive
part of the thesis was not as rigorously documented nor tested as it could have
been and it is based on rather old references.
Fourthly, the target of study was geographically limited to Finland. The
national influence on the organizational culture sets limitations to the
interpretation of the results. This should be taken into consideration when
transferring the results in other countries or making generalizations of them.
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6.3 Directions for future research
The most promising life cycle model found in the literature analysis was Alter’s
(2008a) WSLC model. The IS work system consists of participants, processes
and activities, information and technology, the life cycle of which consists of a
continuous flow of operation and maintenance, initiation, development, and
implementation. As the life cycle model was broken down and work system
elements were assigned their own life cycle the focusing of the research on the
life cycle of the technical element (IT artefact) was made possible. At the same
time questions rose considering the life cycle of the remaining IS elements. Are
the WSLC phases suitable for describing information life cycle, participant life
cycle or the life cycle of processes and activities? Does the WSLC model apply
to its elements individually? These questions require further research.
Viewed from organizational perspective, the strength of the WSLC model (Alter
2008a) is its cyclic nature. Its weakness is the close semblance of the traditional
ISD process with respect to its terminology and definition of phases. This gives
possibilities for future research in adapting the WSLC model to fit better the
organizational domain, for instance the terminology should be migrated from
technical to organizational. A preliminary suggestion for new phase names is:
Use and maintenance, initiation, acquisition or development, implementation
(see FIGURE 19 and TABLE 6). Yet, a question remains: would this kind of
naming describe the life cycle of information, participants or processes and
activities? Is a work system participant, for instance, initiated, developed,
implemented, and operated and maintained? More research is needed to define
the life cycle of these elements of IS.

FIGURE 20

The ISLC life cycle
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TABLE 6

The revised names of the IS life cycle model

WSLC model (Alter 2008a)
Operation and
maintenance
Initiation
Development

Revised model (ISLC)
Use and maintenance

Reason for revision
IS is a live through its use.

Initiation
Acquisition or development

Implementation

Implementation

Development
and
acquisition are the most
dominant ways of IT
artefact renewal.
-

Change in any of the IS elements influences the remaining elements because
they are all connected. As a future research direction the study the renewal of
other IS components and the relationships between the changes in different
components is suggested. McGann and Lyytinen (2008) have done work on this
already from user improvisation perspective.
The thesis fills the gap in the current research concerning the lack of
research on IT renewal in general and also lack of studies based on CIO
interviews recognized already by DeSanctis (2003). Further research is needed
to explore the relationship between the technical and socio-technical view of IS
and their implications on IS life cycle management practices in companies.
Engaging vendor’s perspective would provide a new dimension in
understanding the IS life cycle and IT artefact renewal. Also, a long-term
research on the life events of an IS is suggested to provide empirical evidence
on the IS life cycle. Also, it would be beneficial to study the differences of life
cycles between different types of systems in more detail and by empirical
means.
This thesis gives preliminary indication that there are differences on how
timing in defined at industries. The differences in the timing determinants in
different fields of industry are worth of studying. This would provide more
reliable guidelines across the fields of industry on the timing of IS upgrades for
both practitioners and researchers.

6.4 Reflections
The research topic was challenging, particularly concerning the benefit
evaluation. As long as IS is seen as a merely technical system its costs and
benefits are impossible to show because they manifest themselves through the
tasks and processes. The key is to understand IS as part of the organizational
processes and tasks. This, on the other hand, is a cause for the challenges of the
IT related benefit evaluation. The benefits manifest in such unpredictable forms
and ways that pinning them down from the processes can be very demanding
and resource consuming process itself. Hence, a golden mid-way should be
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found. Enough evaluation should be done in order to provide a best possible
estimate with the available resources. This understanding has to reach the
business management level, not only IT management department. The CIO
interviews reveal that most of the CIOs suffer from the fact that the business
management does not understand the necessity of commitment to IT artefact
renewal. They want to wash their hands and leave the IT to the IT personnel.
Nevertheless, the IT is for the organization and hence its functioning requires
interaction with the organization.
The research was satisfying to conduct. The selection of the organization’s
perspective towards a topic that is commonly considered as belonging under
ISD domain appeared extremely rewarding. The collected material was
abundant and provided insight to the CIO’s perceptions. In this thesis only a
fraction of the whole material was reported. Plenty remains for future analysis.
The decision to make the thesis as a collection of papers provided an
opportunity for continuous refinement of the research topic and research skills.
The step-by-step advancing technique enabled the redirection of the research
based on the results of the precedent papers and findings. Also, the personal
learning process of the researcher is identifiable through the papers published
during the five year period of the whole dissertation work. This is visible
particularly in the nature of the papers. Their focus has shifted from the hard,
economical measures to philosophical contemplation of a socio-technical IS.
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YHTEENVETO (FINNISH SUMMARY)
Tässä väitöskirjassa tutkitaan tietojärjestelmän (TJ) elinkaarta sekä tekijöitä, jotka vaikuttavat informaatioteknologia-artefaktin (ITA) uudistamiseen organisaatioissa. TJ on määritelty sosio-tekniseksi systeemiksi ja ITA sen tekniseksi komponentiksi. Organisaatiolla tarkoitetaan mitä tahansa organisoitunutta ryhmää
(yritys tai julkishallinnollinen organisaatio), joka käyttää tietojärjestelmiä toimintansa tueksi. Tutkimuksessa on otettu siis organisatorisen käyttäjän näkökulma tarkasteltavaan kohteeseen.
Syklisen näkökulman mukaan TJ:ää on uudistettava tietyin väliajoin, jotta
se pystyisi tukemaan organisaatiota ja sen tietotarpeita muuttuvassa liiketoimintaympäristössä. ITA:n uudistamishankkeet ovat usein työläitä ja kalliita ja
niillä on laaja-alainen vaikutus organisaatiossa. Tästä johtuen uudistamispäätöksien tulee olla huolellisesti perusteltuja.
Tässä tutkimuksessa TJ:n muutosta tarkastellaan ITA:n näkökulmasta sitomalla se TJ:n elinkaareen. Elinkaari koostuu joukosta toistuvia vaiheita, joiden
tuloksena ”eläjä” kehittyy ja uudistuu. Tutkimuksen teoreettisena linssinä käytettiin Alterin (2008a) työsysteemin elinkaarta, jonka yksi elinsykli (life cycle)
koostuu seuraavista, toistuvista vaiheista: aloitus, kehitys, käyttöönotto ja ylläpito. Syklisen näkökulman mukaan TJ:ää on uudistettava tietyin väliajoin, jotta
se pystyisi tukemaan organisaatiota ja sen tietotarpeita muuttuvassa liiketoimintaympäristössä. TJ muodostuu sosiaalisista ja teknisistä elementeistä. Epätasapaino elementtien välillä luo muutospainetta tasapainon uudelleensaavuttamiseksi. Kun yksi elementti muuttuu, muut elementit sopeutuvat muutokseen ja näin ollen niiden muodostama kokonaisuus muuttuu. ITA:n uudistaminen on yksi tapa, jonka kautta TJ muuttuu. ITA:n uudistamishankkeet ovat
usein työläitä ja kalliita ja niillä on laaja-alainen vaikutus organisaatiossa. Tästä
johtuen uudistamispäätöksien tulee olla huolellisesti perusteltuja.
Tutkimuksessa tarkastellaan syklisen elinkaarimallin soveltuvuutta organisaatioihin sekä tekijöitä, jotka vaikuttavat uuden TJ:n elinsyklin käynnistymiseen ITA:n uudistamisen kautta. Päätutkimuskysymykset ovat: TK1: Mikä on
tietojärjestelmän elinkaari organisatorisesta näkökulmasta katsottuna? ja TK2: Mitkä
ovat IT-artifaktin uudistamisen määräävät tekijät organisaatiossa?
Tutkimuksen empiirinen osa toteutettiin laadullisia tutkimusmenetelmiä
käyttäen. Tutkimuksen kohderyhmänä ovat Suomessa toimivat yritykset sekä
julkiset organisaatiot. Aineisto koostuu yritysten tietohallintojohtajien sekä
ITA:n uudistamishankkeiden avainhenkilöiden haastatteluista.
Tulokset osoittavat, että ITA:n uudistamiseen vaikuttavat kolme tekijää:
käynnistävät tekijät (triggers), uudistamisella tavoiteltavat hyödyt (benefits) ja
sopiva ajoitus (timing). Tutkimuksen löydökset osoittavat, että TJ:n elinkaari
nähdään kahtalaisena organisaatioissa. Sosio-tekniseksi systeemiksi määriteltynä TJ:n elinkaari on syklinen. Tekniseksi systeemiksi määriteltynä TJ:n elinkaari
on lineaarinen.
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The Life of Information Systems

INTRODUCTION
Rapid evolution of technology has implications on the organisation’s information systems (IS) portfolio and its
management (Benamati and Lederer 2000). Different information systems form a complex, socio-technical
aggregate, referred to an information infrastructure (Hanseth and Lyytinen 2007). The management of such large
networks of systems poses serious challenges to the IS management that “are directly or indirectly related to how to
manage complex and heterogeneous infrastructures” (Hanseth and Lyytinen 2004).
Even though Hanseth and Lyytinen (2004) argue that the lifecycle approach is not sufficient for designing complex
information infrastructures, we argue that lifecycle approach would be suitable for understanding the mechanical
repetition of events within information systems. By following Descartes’ reductionist principle (Domsky 2009) the
understanding of the whole comes from understanding the parts. Complex systems are not complex because of
complex rules but because of the large number of constituents (subsystems) that are connected and interact with
each other (Mukherjee 2008). Hence, by reducing the focus to the individual IS level, it is possible to obtain
understanding of the organisation’s IS as a whole. Under these circumstances, the coherent understanding of the
lifecycle of an individual IS becomes critical.
Information systems support organisations and their activities. In this paper, we treat IS as a socio-technical
compound, i.e. a work system, where the IS is an integral part of its organisational environment, infrastructure and
strategies (Alter 2008a). It is thus “a system in which human participants and/or machines perform work (processes
and activities) using information, technology, and other resources to produce specific products and/or services for
specific internal or external customers” (Alter 2008a). This work system executes, manages and coordinates
information related work (Lyytinen and Newman 2008).
The stages of Alter’s work system model (2008); initiation, development, implementation, and operation and
maintenance, follow each other continuously and cyclically. This is similar to nature, where, for instance, seasons
follow each other so that the “what is” also becomes “what will be”. We argue that knowing the lifecycle of IS
thoroughly, i.e. what are the repeating events of an IS and what are its change mechanisms, we have a basis for
further attempts to improve or change it.
The lifecycle metaphor has been adapted to various fields. For example marketing has defined a product lifecycle
(Polli and Cook 1969, Kotler et al. 1999), organisations and corporations have different stages of life (Miller and
Friesen 1984), and the lifecycle of information, i.e. documents and files, has been studied (Chen 2005). In IS
context, the lifecycle metaphor has been used either as an analogy for systems development (see e.g. Davis and
Olsen 1985, Currie and Galliers 1999, Kazman et al. 2003, Sen and Zheng 2007) or as a model for systems life
stages from birth to death (see e.g. Esteves and Pastor 1999). However, when the lifecycle metaphor was adapted
by other fields, it lost some of its original, biology-based meaning. This has been recognised by Van de Ven and
Poole (1995) who state that
“scholars often combine elements of these ideal types [of theories] to explain observed processes of change in
specific areas or contexts. However, in such cases it is very easy for the conceptual basis of specific theories to
become obscure. As Kaplan (1964) warned, borrowing concepts from different theories without understanding the
theoretical ‘roots’ of these concepts can produce confounded explanations” (Van de Ven and Poole 1995).
Motivated by this quote, in this paper we will dig into the roots of the lifecycle concept and examine its applicability in
IS context. The lifecycle metaphor and life characteristics are adapted from biology and used as a means for
studying the IS lifecycle and life characteristics. The paper aims at answering to following questions: Firstly, is IS

CONTRIBUTION
This paper introduces the life cycle concept to information systems context. The characteristics of both life and life cycle provides an
alternative approach to conceptualize information systems, particularly systems developed in-house and commercial off-the-shelf systems.
The approach helps researchers to understand why certain systems fit with their surrounding ecosystem while some became separated over
time. Practitioners benefit the paper by gaining conceptual tools for disentangling IS ecosystems as a whole and as a dynamic entity.
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alive in the biology-based sense? If it is, how the life characteristics of an IS relate to the life characteristics of a
living organism? Secondly, is the concept of lifecycle applicable in IS context? Thirdly, are there any differences
between in-house developed IS software and commercial off-the-shelf (COTS) software? In order to answer these
questions, a conceptual-theoretical analysis of the life characteristics and the lifecycle of an IS are carried out.
The paper is structured so that each chapter answers different research questions. The paper ends with discussion
and concluding sections.

CHARACTERISTICS OF LIFE
In this chapter, we study whether IS is alive as defined in biology, and if it is, how the life characteristics of an IS
relate to the life characteristics of a living organism.
In order to answer these questions, IS is firstly compared to the general characteristics that define life in biology.
Although biologists have not been able to agree upon a universal definition for life (c.f. Audesirk and Audesirk 1989,
p. 1, Campbell and Reese 2002) they share a view that all living organisms
(1) have complex and organized structures,
(2) actively maintain their complex structures, i.e. homeostasis,
(3) grow,
(4) require energy and convert it into other forms,
(5) respond to stimuli,
(6) reproduce,
(7) adapt and evolve (Audesirk and Audesirk 1989);
(8) have a form that fits its function, and
(9) inherit information from their parents (Campbell and Reese 2002).
Next these features are described and examined in IS context in order to study the analogy between with the living
organisms and IS.
Complexity and organization of structure: “A basic characteristic of life is a high degree of order. […] Biological
organization is based on a hierarchy of structural levels, each level building on the levels below it” (Campbell and
Reese 2002). All living things are composed of cells, which are the basic components for the organisation of life
(Fried and Hademenos 2001). The cell is the smallest structural unit in a living organism that can perform
independently the basic functions of life (Campbell and Reese 2002). It is the basic unit of structure and function of
an organism, and performs “all the activities of life” (Campbell and Reese 2002).
In IS context, the counterpart for a cell is a component; a software module or a system component. At its simplest
form, the IS component is a composition of a user, information, and a means for processing the information. “From a
structural perspective, an information system consists of a collection of people, processes, data, models, technology
and partly formalized language, forming a cohesive structure which serves some organizational purpose or function”
(Hirschheim et al. 1995). The components also have a hierarchical structure, as they can be part of a larger
aggregate IS, consisting of smaller components each “providing services to the systems at higher layers” (Lankhors
et al., 2005, p. 231), or they can be categorized to physical components, processing functions and outputs for users
(Davis and Olson 1985). Software has also hierarchy. Each “system is composed of interrelated subsystems, each
of which is in turn hierarchic in structure, until the lowest level of elementary subsystem is reached” (Jennings 2001).
From structural perspective, the complexity of an IS arises from the large number of interacting components, entities
or subsystems (Mukherjee 2008), making IS as work systems rigid and complex (Lyytinen and Newman 2008).
Homeostasis. All living organisms have an optimum state of internal balance within which they operate the best. This
includes, for instance, a relatively narrow range of internal temperature, pH and sugar level (Fried and Hademenos
2001). An organism maintains the favourable internal condition constant by means of homeostasis (Fried and
Hademenos 2001). Homeostasis is an inbuilt regulatory system that controls the physiological conditions and keeps
them within tolerable limits. Homeostasis ensures, for instance, that the temperature of the organism does not
exceed fatal limit, or that thirst or hunger are experienced when the organism needs fluids or nutrients. (Campbell
and Reese 2002).
In IS context, homeostatic includes the evaluation of IS performance against its intended use, and its alignment with
the organisation’s needs. Self-regulatory activities include maintenance and problem solving, quality control, and the
use of guidelines and the best practices.
Growth. During their life, all living things grow (Audesirk and Audesirk 1989) and develop (Arms and Camp 1991).
The juvenile phase of a unitary organism, such as a cat, a dog or a human, is typically characterised by growth and
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development until reaching their maturity. When an animal is born, it does not pose skills, strength and conformation
of an adult, but has to develop and grow to become a fully mature individual.
IS exhibit identical growth tendency as any living organism. Individual IS grow and develop locally, with a predictable
fashion (Hanseth and Lyytinen 2007). Incremental and iterative development techniques (Larman and Basili 2003)
deliver system versions for use at early stage, and, as consequence, the system develops and matures within the
user organisation. The stages of growth model describe IS growth as consisting of six stages: initiation, contagion,
control, integration, data administration and maturity (Nolan 1979 in Drury 1983). Basically IS grows when new
capabilities are integrated into it (Esteves and Pastor 1999).
Energy conversion. All living organisms require nutrients and energy for maintaining their functionality, staying alive
and reproduction. An organism exchanges energy with the environment and transforms it from one form to another
in order to exist (Campbell and Reese 2002). For example the plans utilize the energy of the sun by photosynthesis
and pass that further to animals that eat them (Audesirk and Audesirk 1989 p. 5).
Energy conversion in IS context is related to development efficiency and system effectiveness (Hamilton and
Chervany 1981), i.e. how well the given resources (energy) are conversed into benefits throughout the IS lifecycle.
Development efficiency refers to the “efficiency with which the IS development (ISD) and operations processes
utilize assigned resources (staff, machines, materials, money) to provide the information system to the user” while
system effectiveness is the “effectiveness of the users’ organisational unit, using the information system in
accomplishing their organisational mission” (Hamilton and Chervany 1981). Energy conversion is consequently
related to the development, implementation, use and maintenance activities that transform energy for the
organisation’s benefits.
Responsiveness to stimuli. All living things exhibit responsiveness to both external and internal stimuli. For example
the plants bend towards the sunlight (external stimuli) and grow roots downwards (Arms and Camp 1991). Hunger
(internal stimuli) drives animals and humans to search for food (Audesirk and Audesirk 1989).
IS responds to its environment and emerging needs by attempting to ensure business-IT alignment (Henderson and
Venkatraman 1993). Likewise in nature, in IS context external and internal stimuli stem from the external and
internal environments. The external environment includes of legal, political, and cultural considerations (Lyytinen
1987, Lyytinen and Newman 2008). Any request from these sources causes an external stimulus. The internal
environment is formed by the immediate organisational environment of the IS including the “goals, tasks structure,
volatility, and management style and culture” of the organisation that uses the IS (Lyytinen 1987) or the builds the
system (Lyytinen and Newman 2008). Internal stimuli arise from within the IS, from its structure, and its immediate
use and development environment. For example a change in the organizational processes, tasks, or technology
induces response from the IS. IS management controls how and when the response to different kinds of stimuli
takes place.
Reproduction. Living organisms are not immortal thus they need to reproduce to ensure the continuation of life
(Audesirk and Audesirk 1989; Arms and Camp 1991). After reaching the reproductive phase an organism gives birth
to new organism (Begon et al. 2006).
IS are reproduced in the form of new versions or system upgrades (c.f. Mukherji et al. 2006, Rajlich and Bennett
2000). Reproduction depends on the development efforts of the organization. Technical constructs, such as IT
artefacts, are not capable of producing offspring, e.g. new version of an IT application or upgraded IS without human
intervention. However, the human part of IS is reproducible.
Inheritance. New organism inherits the traits from its parents. Genetic information that each organism needs for
reproduction, survival and development is encoded within its each cell and passed on to the offspring (Arms and
Camp 1991). This DNA contains information about the activities of the cells, i.e. information encoding, processing,
replication and mutability (Fried and Hademenos 2001).
In IS context, information is inherited at various levels: organisational, technical, data, and structural. At
organisational level the experiences from earlier IS implementation activities are inherited in the organisational and
ISD practices (Kasvi et al. 2003; Hirscheim et al. 1995; Truex et al. 2000, Päivärinta et al. 2010). Technically, the
systems inherit hierarchies and class hierarchies (Crocker and von Mayrhauser 1993) and reusable common
features (Coplien et al. 1998). Also data is inherited as legacy systems contain business critical information that has
accumulated over the years (Bennett 1995). Basically all deep structures, i.e. fundamental ‘choices’ of part how its
units are organized and their activity patterns and principles, of a parent IS are inherited (Lyytinen and Newman
2008).
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Adaptation and evolution: Adaptation and evolution are nature’s basic change mechanisms. Adaptation means
changes in the organism through which it can better cope with its environment (Audesirk and Audesirk 1989).
“Evolution is a genetic change occurring in the population of organisms over many generations” (Audesirk and
Audesirk 1989, p. 256). These variations are result of the constant “interplay of environment, variation and selection”
(ibid, p. 15). Each new born organism differs slightly from its parents and, if its fit with the environment is better, it is
more likely to survive (Darwin 1968). "This preservation of favourable variations and the rejection of injurious
variations is called natural selection" (ibid. p. 131).
As organisations change, also IS has to adapt (Armour et al. 1999, Bergey et al. 1997). This takes place either
through incremental, gradual adaptation or revolutionary, episodic change (Lyytinen and Newman 2008). The
degree of adaptation varies from daily maintenance to large-scale development projects depending on magnitude of
the gap. A gap is a state of system that will deteriorate its performance and menace its survival if not taken care for
(Lyytinen and Newman 2008).
IS evolution refers to changes in a large IS population, for example moving from in-house developed systems to
COTS (Sawyer 2001). This may take place over several generations. Also, legislation can set requirements that
trigger system evolution: for example a change in the accounting law sets new rules for the accounting systems. The
ones that do not comply with the new regulations die out due to the natural selection of the market forces.
Correlation between form and function. The biological structure “always fits to its function” (Campbell and Reese
2002). For instance a bird’s shape is aerodynamic for flying and a rabbit has certain colour for camouflage. This is
result of evolution and adaptation to the environment.
The purpose of IS is to support the function and purpose of an organisation (Davis and Olsen 1985; Hirscheim et al.
1995). Therefore, the correlation between form and function is about whether the IS corresponds to the
organisational requirements, i.e. does it support business objectives, goals and processes as intended. This also
refers to IT-business alignment (Henderson and Venkatraman 1993).
By using above-mentioned characteristics, all things can be classified as living or non-living. As it can be seen, IS
fulfills all characteristics of life. They have complex, organized structures, which are actively maintained; they grow,
require ener*gy, respond to stimuli, reproduce, adapt and evolve, have a form that fits the function and display
heredity. Because the characteristics of life fit with the characteristics of IS, it is be concluded that IS, as a socio1
technical system or a work system , is alive in the similar sense as organism in nature, and as a corollary, the
lifecycle metaphor is applicable in the IS context.

LIFECYCLE
In this chapter, we study whether the lifecycle analogy can be applied in IS context.
A cycle is defined in mathematics as an "orbit that repeats itself every n iterations” (Devaney 2007). In biology,
lifecycle is seen as “the generation-to-generation sequence of stages in the reproductive history of an organism”
(Campbell and Reese 2002) or as “the series of changes that the members of a species undergo as they pass from
the beginning of a given developmental stage to the inception of that same developmental stage in a subsequent
generation” (EncyclopædiaBritannica 2007). In other words, lifecycle is an iterative phenomenon of living organisms
always ending where it has started. The cycle is complete when an organism reaches the same stage where its
ancestor started its cycle, and where the cycle starts over again (e.g. “birth-to-birth”).
The lifecycle consists of a sequence of stages that are passed through in a predetermined order (Campbell and
Reese 2002). Each stage is characterizes by change or advancement from its preceding stage. A stage cannot be
skipped nor returned to. Yet different organisms have different types of stages: for a human they are infant, child,
juvenile, adolescent, and adult (Bogin and Smith 1998) and for a bird egg stage, incubation, hatching, chick-feeding
period, growth, fledging period, independence, breeding, laying the first egg (Bennett and Owens 2002). Although
death is inevitably the last stage in the lifespan of every entity, it is not included in the lifecycle. Death becomes
irrelevant after the continuation of the species has been ensured.
Lifecycle theory is one approach to understand the processes of change and development (Van de Ven and Poole
1995). It explains the change as organic growth through specific stages. The lifecycle analogy has been adapted to
1
It should be noted that if IS is seen purely as a technical construction, the characteristic of reproduction is not completed. However, if
Hirschheim et al. (1995) or Alter (2008a) definitions are exploited, IS are indeed alive.
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other fields to explain change (Ayres 2004). For instance it has been used to describe the life stages of a product
(Polli and Cook, 1969; Klepper 1996; Kotler, Armstrong et al. 1999), organisation (Miller and Friesen, 1984; Van de
Ven & Poole 1995; Jawahar and McLaughlin 2001), industrial ecology systems (Ayres 2004), software development
(Kazman, Nord et al. 2003) and information (Chen 2005). Interestingly, all these studies regard the concept lifecycle
equal to the concept of lifespan, which is a linear period between birth and death (see e.g. Begon et al. 2006).
Consequently, instead of describing a lifecycle, these adaptations describe a life history of a phenomenon. For
example, product lifecycle has five stages: product development, introduction, growth, maturity, and decline (Kotler,
et al. 1999). The biological foundations of the lifecycle theory seem to have disappeared, as discussed by Van de
Ven and Poole (1995). Yet the difference between lifecycle and lifespan is significant in IS context. The systems
seldom die but evolve and serve as foundations for new system generations (Wieringa et al. 2009; see also Markus
et al. 2000). We thus utilize the orthodox lifecycle definition.
Often in the IS context, the e metaphor refers to the stages of ISD lifecycle or systems development lifecycle (SDLC)
(e.g. Currie and Galliers 1999; e.g. Kazman et al. 2003; Sen and Zheng 2007). It is common that they do not even
encompass the whole life span. For example, SDLC focuses on the development of an IT artefact and leaves later
stages, such as the use and maintenance, with less priority (Alter 2008). In order to understand the whole IS
lifecycle, this kind of confined approach is not adequate, as it does not capture the IS lifecycle from the
organizational perspective (Sawyer 2001).
The comparison between the life characteristics and stages of IS and living organism is presented in Table 1. There
the correlation between the life stages of an IS work system and the organisms is evident. Initiation corresponds to
conception and development to pregnancy. It can thus be said that the life of an IS begins when organisationally
implemented. The use and maintenance stages correspond to the actual life of an IS. Finally, the life of an individual
IS ends when it is replaced or abandoned (terminated). The stages between initiation and termination form the
lifespan of an IS, even though its features are inherited by the next generation.

Table 1. The analogy between living organism and IS life stages
Information system life stages

Living organism life stages

Initiation

Conception

Development

Pregnancy

Implementation

Birth

Use and maintenance

Life (infant, child, juvenile, adolescent, adult)

Replacement, termination

Death

Alter’s (2008) work system lifecycle (WSLC) model expands conventional life stage models by defining the IS
lifecycle. It treat IS as a socio-technical compound, i.e. a work system, where the IS is an integral part of its
organisational environment, infrastructure and strategies (Alter 2008). IS lifecycle is seen as an iterative and
continuously evolving socio-technical system with four distinct stages: operation and maintenance, initiation,
development, and implementation (Figure 1).

Unanticipated adaptations

Operation and
maintenance

Accepted for
operation

Unanticipated opportunities

Terminate

Redesign

Initiation

Continue
Ready for
development

Recognition of
e.g. non-adoption

Implementation

Ready for implementation

Recognition
of infeasibility

Development

Recognition of infeasibility

Unanticipated adaptations

Unanticipated opportunities

Figure 1. The work system lifecycle model. Adapted from Alter (2008).
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After the implementation stage, the process returns to Operation and maintenance phase. A new cycle begins,
although possible termination may end the life of the works system. In this perspective, WSLC is a change model
where every cycle results a renewed construction of the work system. Yet the distinctive element is continuation: the
system continually evolves through iterative cycles. Even though a part of the work system can be ‘created from the
scratch’, the whole work system inherits the characteristics from previous generations.
The change can be viewed as a punctuated socio-technical change which causes a shift from one socio-technical
state to another (Lyytinen and Newman 2008). There both social and technical factors influence and are influenced
by the change, changing the deep structures of the socio-technical construct. The WSLC model allows both
incremental, gradual adaptation and revolutionary, episodic change. However, despite of the type of change, the
lifecycle still persists. The lifecycle approach thus essentially depicts change within IS. This change is similarly to
nature, where constant growth and development characterize life. Under these premises, the lifecycle metaphor
provides a basis for analysing and understanding IS.

IN-HOUSE DEVELOPMENT AND COMMERCIAL SOFTWARE
In this chapter, we study whether and how the lifecycles of two fundamental archetypes of IS, in-house developed IS
(in-house IS) and commercial off-the-shelf software products (COTS) (c.f. Markus and Tanis 2000), differ.
In-house IS are developed or tailored for an organisation, either in-house or by a consultant, according to their
needs. COTS, on the contrary, are commercial IT applications that are designed to support generic processes.
These two types of IS are different in many perspectives. For example, their development goals differ in relation to
intended use (c.f. Sawyer 2001): in-house IS are typically developed for a particular purpose (Sabwerhal and Robey
1993) thus supporting predefined and relatively stable functions that are not expected to change much over time.
Under the circumstances, their development aims at low maintenance and long lifespan (Truex et al. 1999).
Meanwhile COTS are designed either for generic business processes (Markus and Tanis 2000, Sawyer 2001) or for
a purpose on smaller market segment, e.g. collaborative IT products (Karsten 1999).

Comparison of life characteristics
Complexity and structure of organisation. As with any software, both in-house IS and COTS have their own
structures of organisation. Typically the structure follows composite hierarchy through sub-systems and aggregate
systems (Wieringa et al., 2009; Jennings 2001), making it easier to identify different service hierarchies such as
physical infrastructure, software infrastructure, business systems, business processes (Wieringa et al., 2009).
Homeostasis. Homeostatic functions are vital for IS survival. For both types of IS, proper IS management,
continuous evaluation (Ward et al. 1996), maintenance, and customer and product support are the means of selfregulation (cf. Messerschmitt and Szyperski 2003, p. 332). One symptom of malfunctioning homeostasis is software
architecture degeneration (Rajlich and Bennett 2000). It is often related to problems in heritance of critical
information related to the source code and architectural decisions (Rajlich and Bennett 2000). Once a system starts
degenerating, its maintenance becomes difficult and expensive. Consequently proactive IS management, regular
version changes, and continuous evaluation are of utmost importance. The homeostatic functions include
evaluation, system support, user support and maintenance.
Growth. The growth of in-house IS is organic, i.e. new features or functionalities are built when needed.
Technological or architectural upgrades basically just add new architectural layers, enabling the original system
remain operational (cf. Sneed 2006, Bieberstein et al. 2005). The growth of COTS, meanwhile, is dependent on the
availability of new modules on the markets. Its growth is consequently modular: new modules, features or
capabilities are added into the existing system based on their availability and suitability for the organization (Mukherji
et al. 2006). Both types of IS also grow when the number of users increases (volume) and when they are integrated
into other systems (complexity), and develop and mature within the organization (see e.g. Cooper and Zmud 1990).
Energy conversion. In-house IS consumes its energy through resources. Those include, for instance, human,
technological and financial resources. Developers’ and users’ development activities are converted into a functioning
IS. Through the IS implementation and use, consumed resources are released to the benefit of the organisation. The
energy economy forms a closed loop – energy is taken from an organisation and then fed back to it in a different
form.
With COTS, the energy flows are different. Energy conversion takes place in the producer’s loop where it manifests
through the development and release efficiencies, and by developing appropriate software for the customers.
Another energy loop takes place in the customer organisation. There the energy is used for selecting a suitable
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upgrade version, and then purchasing and implementing it. The energy conversion appears as efficiencies in
implementation and integration, and by system effectiveness.
Response to stimuli. In-house IS’s responsiveness to internal and external stimuli depends on the organizational
culture and IS management. In-house systems may respond rapidly to internal stimulus, particularly if it is related to
the competitiveness of the organisation. However, ad hoc responses easily lead to uncoordinated system changes
and chaotic maintenance. COTS, on the other hand, respond slowly, if at all, to internal stimuli due to their marketoriented nature. Collective efforts from the user organisations may be needed to get change requests fulfilled
(Markus and Tanis 2000). On the contrary, the responses to the external stimuli, such as changes in legislation, are
responded to more actively because they provide business opportunities for new version sales.
Reproduction. Both types of systems are reproduced by developing a new version of the system that replaces its
predecessor.
Adaptation and evolution. In-house IS adapts to the changes in its environments, and evolves accordingly. This kind
of evolution with large scale changes occurs through development projects. COTS adapt and evolve through
versions origin from customer demand, competitive pressure or legislative actions (Rajlich and Bennett 2000).
Typically new versions become available faster than the users can adopt them (Sawyer 2001). This indicates that
the frequency of the lifecycle of in-house IS is lower to the frequency of COTS since the user organisations have the
option of not to respond to new versions. COTS thus “live faster” and more intently than the ones that have been
developed and nurtured in-house. This may create conflicts if, for example, the vendor recommends frequent
upgrades, each requiring changes in the integrated legacy systems.
Correlation between form and function. In-house IS is designed for an organisation. This means that their form is
initially made for its function. COTS, on the contrary, are targeted for general fit and for general purpose, not for a
particular organisation (Sawyer 2001). The correlation between the form and functions is thus weaker. Yet the
adoption of COTS or their upgrades always require changes in an organisation – even though configuration can be
used to improve the fit only to some extent (Markus and Tanis 2000).
Inheritance. They types of IS exhibit the inheritance of knowledge, shared data, such as accumulated business data
(Bennett 1995) and deep structures (Lyytinen and Newman 2008). In-house IS ideally inherits also the experiences
from previous development projects (Avison and Fizgerald 2008, Avison and Fizgerald 2003). Yet in reality, the
lessons learned from previous development projects are seldom utilized (Lyytinen and Robey 1999, Avison and
Fizgerald 2008). This poses a threat to the continuity and survival of the IS. COTS inherit different experiences from
implementation, such as configuration and modification (Chang et al. 2008).
These differences of in-house developed IS and COTS are summarized below, in Table 2.
Table 2. Life characteristics of in-house developed IS and COTS
Life characteristic
Structure of
organisation
Homeostasis
Growth
Energy conversion
Response to stimuli

Reproduction
Adaptation and
evolution

Correlation between
form and function
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In-house information system
Composite hierarchy: aggregate IS,
component IS (Wieringa et al., 2009)
Evaluation, system support, user support
and maintenance , IT management
Functional growth: organic
Effectiveness of use, development
efficiency

COTS
Modular hierarchy: systems, subsystems,
subsystem components (Jennings 2001)
Version upgrades, performance evaluation,
IT management
Functional growth: modular
Effectiveness of use, efficiency of version
upgrades

Internal: Depends on the IS management
culture of the organisation; potentially
efficient and rapid
External: Depends on the imperative
change requests, i.e. change in legislation
Development of an improved version
Adapts to comply with the needs of the
organisation through maintenance.
Evolves with an organisation.

Internal: Depends on the vendor, collective
efforts form user organizations may be
needed (Markus and Tanis 2000)
External: Motivated by external changes
that influence the sales opportunities
Purchase of a new, suitable version
Adapts to general market needs through
architectural, functional and service
arrangements upgrades (Markus and Tanis
2000). Evolves rapidly according to the
market demand.
General fit for general processes (Sawyer
2001); configuration is used to improve the
fit between COTS and an organisation

Tight correlation between the
functionality and organisational needs
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Inheritance

Experiences
from
previous
development (Avison and Fizgerald
2008) and implementation projects
(Ward, Taylor et al. 1996)

(Markus and Tanis 2000).
Experiences from implementation,
configuration and modification (Chang,
Yen et al. 2008)

Comparison of lifecycles
Next the lifecycles of in-house IS and COTS are analysed through the work system lifecycle.
Firstly, the development process and its underlying goals are different. In-house systems are designed to support
just the organization that uses it while COTS are targeted for larger audience. The requirements for in-house IS are
thus derived from an analysis of the organisation’s processes, existing systems, and information needs in cooperation with the developers and future users. COTS on the contrary, are based on market research, product
reviews, help-desk call-logs, and user groups (Sawyer 2001). According to Sawyer (2001), their lifecycle is divided
into consumer development lifecycle and producer development lifecycle. There the vendor produces “building
blocks for IS” and the customer assembles them. The customer is thus dependent on the vendor and their lifecycle,
while the vendor is independent on the customer’s IS and its lifecycle.
Secondly, the number of stakeholders involved throughout the life of COTS is significantly larger than in the lifecycle
of an in-house IS. Yet the relationship between the developers and the users is different in both cases. The
development of an in-house IS is a joint effort of developers and users within an organization or a co-operation
project with the (internal or external) developer. The development of COTS and consequential IS is a distributed
process between distinct consumers, producers and external consultants (Sawyer 2001).
Thirdly, the implementation phases are different. The organisational implementation of COTS is typically more
labour intensive than the implementation of an in-house IS. This is because in-house IS can be already be
implemented into organization during its development (c.f. Oinas-Kukkonen et al. 2010). In general, the
implementation of in-house IS does not require business process changes because the system is already tailored
accordingly (Sawyer 2001) – unless it is a part of a planned organisational change. COTS, however, almost always
require organisational changes because of its support for general processes. All kinds of changes need to be made
in order to comply with new functionality or to accommodate with missing functionality (Sawyer 2001). The customer
has also a wide range of options for how to organise the assembly of the COTS: it can be done in-house, with
2
selective external assistance or it can be outsourced (Markus and Tanis 2000, Sawyer 2001). COTS
implementation requires different skills and knowledge than the implementation of in-house system (Markus and
Tanis 2000). The organisation may easily overlook the analysis of the organisation’s processes and requirements as
it is focused on “fitting the organisation in the system” (Markus and Tanis 2000; Sawyer 2001).
Fourthly, the goals of ensuring low maintenance and long lifespan (Truex et al. 1999) result that in-house IS
changes only when there is a need for change. COTS evolve significantly faster as new versions are produced
because of market demand. The evolution of a COTS means that the system undergoes a sequence of iterative
2

This also applies with purchasing software as service.
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changes which result a new product version to the markets (Rajlich and Bennett 2000). The customer has little
control on this evolution as the vendor initiates and executes the system changes (Markus and Tanis 2000).
Fifthly, the initiation triggers are different. General speaking both in-house IS and COTS are changed because of
three sources: business, technology and vendor (Kankaanpää 2011). However, since the role of system vendor is
emphasised with COTS, the vendor (or a company that provides maintenance services on behalf of the vendor) has
also more significant role in the change initiation compared to in-house systems (see e.g. Markus and Tanis 2000).
These differences are summarized in Table 3 below.
Table 3. Lifecycle differences between in-house IS and COTS

Lifecycle phase

in-house IS

Use and maintenance

Low maintenance (Truex et al.
1999)
Use is one of the measures of the IS
success (DeLone and Mclean 1992)

Initiation

Business, technology or vendor
driven (see e.g. Kankaanpää 2011)

Development

Requirements specification based
on organisation’s needs (Sawyer
2001)
Unity of lifecycle (Sawyer 2001)
User participation during
development emphasised (Lynch
and Gregor 2004)
Development and evolution
freedom

Implementation

Low labour-intensity
Business or organisation driven
changes

COTS
Maintenance often requires external
consultants.
Level of use remains a mystery
(Markus and Tanis 2000).
The driving force of system vendor
emphasised (Markus and Tanis
2000).
Involvement
of
vendors,
consultants, company executives,
and IT specialists (Markus and
Tanis 2000)
Requirements specification based on
market demand (Sawyer 2001)
Bivalent lifecycle (Sawyer 2001)
User organisation dependent on the
system vendor (Markus and Tanis
2000)
Limited possibilities to influence on the
development of new versions
High labour intensity: adaptation to
new system, various implementation
options
Changes in work practices and business
processes due to adaptation to the
software (Sawyer 2001)
User participation during
implementation emphasised (Wagner
and Newell 2007)
Various stakeholders involved, e.g.
external consultants

DISCUSSION
In this paper, the life of information systems is studied. Particularly we have examined whether IS are similarly alive
as living organisms, and as they are, whether the concept of lifecycle can be used in IS context? We have focused
on two archetypes of IS, in-house developed systems and commercial off-the-shelf (COTS) software.
Following Descartes’ reductionist principles, understanding the whole comes from understanding the parts. As
organisational IS are complex and large and encompass multiples sub-systems, they form a network of interrelated
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systems, an IS ecosystem. Such complex systems are challenging to depict, analyse and manage. The reductionist
principle, however, gives a tool to deduct apparently complex structures into simpler structures. The IS lifecycle
approach provides a simple yet comprehensive model for understanding the repeating events that characterise IS
life. As the seasons always change in the repeated order, similarly do information systems. This cycle provides a set
of attributes that can be used in analysing firstly the components of an IS ecosystem, and secondly the ecosystem
as a whole.
The characteristics of life embody critical issues concerning IS management. The shift from in-house developed IS
to COTS has brought along collateral changes in the organisations. For example the pace of change has increased,
putting demands on updating the IS ecosystem. The organisation itself is no longer in control of the system,
particularly COTS. Instead they are dependent on the vendor for changes and modifications. A network of
specialists is thus needed to implement and maintain individual components and systems, parts of the ecosystem.
Each specialist has specific areas of expertise within the ecosystem, decentralizing the tasks, knowledge, and
control. Consequently IS management in the customer organization need to actively monitor, follow, and control not
only the IS ecosystem as a whole but also its components and their relationships. This mundane activity of IS
management becomes especially challenging when each system, no matter whether in-house developed or COTS,
with their own lifecycles, different durations, paces, and stages, are considered. In this situation, the lifecycle
approach helps to understand the life of individual components and their relationships.
The lifecycle is defined as the sequence of stages an organism undergoes from the beginning of a given
developmental stage to the inception of that same developmental stage in a subsequent generation. The basic
sequence of stages exists within the lifecycle of an IS: initiation, development, implementation, and use and
maintenance stages follow each other in iterative manner (see Alter 2008). The comparison between the lifecycle of
a living organism and an information system yields a set of analogies. The decision concerning the initiation of a
development (or re-development) project corresponds to conception in living organisms. This is followed by
pregnancy where a new living organism is formed or a new IS is developed. As new life is introduced to the world by
birth, similarly a new IS is introduced to an organisation by implementation. Life comprises the post-birth
developmental stages of an organism, i.e. development from infant stage to child, juvenile, adolescent and adult. In
IS context, the actual life stages refer to the use and maintenance. The next cycle of the life of IS begins when the IS
life reaches the initiation stage, triggered by need to change.
Both in-house developed IS and COTSs have their explicit lifecycles. However, the lifecycle of an in-house IS is
bound to one organisation while the lifecycle of a COTS is distributed over time and stakeholders. When the roles
and responsibilities of IS stakeholders are examined it is obvious that the distribution of tasks within the IS lifecycles
are different. The development process of an in-house IS encompasses a set of stakeholders that jointly design and
construct the system while COTS development process has diverged from the end users and organisation. Because
of this fundamental division for “developers” and “consumers”, the lifecycle of an in-house developed IS appears
different than the lifecycle of COTS to the user organisation. The user organisation of an in-house developed IS has
at least opportunities to participate in the life of an IS throughout its lifecycle. The sequence of the stages is visible
for everyone: use and maintenance, change initiation, development and implementation follow each other logically.
Consequently, the user organisation controls the whole process. This is different with COTS. There the distribution
of the tasks causes a divided, distributed, and incoherent lifecycle. From the user organisation’s perspective, the
lifecycle of an ERP system, for instance, is a sequence of implementations as the development activities cannot be
seen or influenced (Chang et al. 2008).
If it is assumed that IS are alive, the life characteristics provide fruitful qualities to analyse the living organism of IS.
In the following, the attributes common to all life: hierarchical structure, homeostasis, growth, need for energy and
energy conversion, response to stimuli, reproduction, adaptation and evolution, correspondence between form and
function, and heredity (Audesirk and Audesirk 1989; Campbell and Reese 2002) are discussed within the IS context
in order to show the analogy between with living organisms and information systems, and the corollaries of such
comparison.
Hierarchical structure. In nature, the smallest unit of life performing the activities of life is a cell. Corresponding unit
that can perform basic IS functionalities can be defined as a composition of three parts: information, user, and a data
processing mean. This means that an IS cannot exist without external actors or inputs. Its existence can be
compared to a symbiotic existence in nature. A data processing mean on its own is merely a vehicle that comes into
life when connected to a network of humans and information. In nature, life is highly organised: a group of cells form
tissue, various tissue types form organs, and organs form the structure of an organism (Audesirk and Audesirk 1989,
p, 3). From IS management point of view, the unit of construction does not have a direct implication. But since all
three parts are necessary for the operation of a smallest functional unit of an IS, they appear also in larger scale; on
IS level and on IS ecosystem level. An IS ecosystem is a multi-layer hierarchy which defines the relationships

Volume 10

Issue 1

Article 4

11

between organisation’s information systems, how they are integrated and who uses them. IS hierarchy is influenced
by organisational hierarchy that defines the relationships between departments, units, and staff members. Software
hierarchy defines the relationships between subsystems and their components (Jennings 2001). A well organised
hierarchical structure enables faster evolution of a system than non-hierarchical structure (Jennings 2001). To seize
this, several tools and approaches, such as enterprise architectures have been proposed to describe, understand
and develop hierarchical IS structures.
Homeostasis. Homeostatic functions are vital for IS survival. One symptom of malfunctioning homeostasis is system
degradation (Rajlich and Bennett 2000). System degradation origins from critical information related to the source
code and architectural decisions (Rajlich and Bennett 2000). Once a system starts degenerating, its mending is
difficult. This emphasises proactive IS management and continuous evaluation, maintenance, and customer and
product support. In a mixed-IS-ecosystem homeostatic balance is easily disturbed if one system is left uncared for.
Growth. All living things grow and develop. IS grows when new capabilities are integrated into it (Esteves and Pastor
1999). Incremental and iterative development techniques and supplemented system pieces develop and mature the
IS within the user-organisation. For example, with ERP systems, the importance of growth is emphasised as often
organisations choose to implement only certain modules or functionalities of the whole software (Markus and Tanis
2000). Missing pieces are built and added later. Both in-house and COTS also grow by the use volume, i.e. when
the amount of users increases, and by the complexity, i.e. when they are integrated into other systems. Controlling
growth becomes a critical issue when the complexity, the risks related to systems integrations, and user resistance
increase (Markus and Tanis 2000, Lina and Shaoa 2000).
Need for energy and energy conversion. The energy conversion can be conceptualized through the consumed
resources. The developers’ and users' efforts are converted into a functioning IS. Through the IS implementation
and use, the resources that have been devoted throughout the development phase are released for the benefit of
the organisation. This energy economy forms a closed loop – energy is absorbed from an organisation and then fed
back to it in a different form. The energy flows of COTS are more complex as the energy conversion takes place in
two different loops. In the producer’s loop it is manifested through the development and release efficiency, and
through the development of appropriate software products. The second energy loop takes place in the consumer
organisation where the energy is consumed for selecting, purchasing and implementing software. The rate of energy
conversion appears as implementation or integration efficiency, and as system effectiveness. Both developers and
consumers are typically very conscious about the energy attributes, particularly financial attributes.
Responsiveness to stimuli. An IS is alive when it is used. This necessitates responsiveness to internal and external
stimuli. External stimulus originates from the external environment and includes change requests based on legal,
political or cultural considerations. Internal stimulus originates from the internal environment and includes change
requests from people, processes, data, models or technology that form the IS. In order to stay alive, an IS has to be
flexible enough to respond to these changes in its environments.
Reproduction. The lifecycle results a new life form, a new organism that did not exist before but which inherits
features from its ancestors. The lifecycle of an IS (as a work system) results either a transformed IS or a completely
new IS. In this sense the lifecycle analogy complies with IS. In IS work system context, the lifecycle is a mechanism
for maturation, adaptation and evolution. An IS matures through each cycle, i.e. its level of compliance with the
organisation improves. The IS adapts to small scale changes taking place in the organisation (first order change)
during its maintenance phase. When more radical changes are needed (second order change) the IS lifecycle either
produces a new, upgraded system, or results in adoption of a new system, replacing the existing IS. In order to stay
alive, i.e. being used, an IS has to reproduce.
Adaptation and evolution. The purpose of an IS is to support the organisational functions. Thus, when an
organisation evolves, its’ IS has to evolve with it. If the organizational IS are build in-house, their changes are fewer
and smaller as many external changes can be prepared in advance. The organizations have also more control over
the evolution and changes. COTS, on the contrary, are highly dependent on the producer-based changes. This
means that also the consumer has to response to the producer’s evolution. In-house systems thus provide more
control for the organisation over the evolution of the IS. However, no matter which types of IS the organization is
using, the system starts hindering the organizational development and evolution if an IS is left uncared, i.e. its
maintenance and evolution are neglected (Sawyer 2001). It easily becomes a legacy system. To avoid this situation,
flexible systems and flexible systems development techniques (Truex et al. 1999), se well as proactive IS
management (Armour et al., 1999) are needed. These methods assure that adaptation and evolution, that are vital
characteristics for IS survival, are possible.
Correlation between form and function. Correlation between form and function defines how well an IS corresponds
to its purpose, i.e. how well it supports the functions of an organisation. This correlation is also known as business-IT
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alignment (Luftman 2000). High correlation between IS and organisational functions, in general, is desired for two
reasons. Firstly, the introduction of an IS that fits well for its function requires little or no changes from the
implementing organisation. In-house IS is designed for an organisation, and their needs and functions. Its form is
thus made to correlate with its function. On the other hand, the adaptation of COTS almost always requires changes
from the adopting organisation (Markus and Tanis 2000). The magnitude of the changes depends on the adopted
system’s cover area: a small scale system requires minor modification of working procedures while a corporate level
enterprise system may require serious business process re-engineering and “renewal of enterprise IT infrastructure”
(Markus and Tanis 2000). Secondly, tight correlation between form and function can be a competitive advantage
over those companies with loose-fit COTS (see e.g. Carr 2003). An in-house system supports unique business
processes that distinguish the organization from others that have adapted general processes defined by COTS. The
correlation between form and function operates as an indicator for timing the change. The need for change
increases as the gap between the form and the function enlarges. When the gap reaches a certain threshold, it is
time for system upgrade (Mukherji et al. 2006). On the other hand, the greater the correlation between form and
function, the less there is the need for changes in the organisation. Yet there are reasons for not to strive for high
correlation between form and function. In-house systems are slow to evolve because they are designed to operate in
stable environment (Truex et al. 1999). If an organisation is volatile, then in-house systems may turn into a stone
ledge that hinders the organisation’s development (Truex et al. 1999). This can be avoided by the adaptation of
COTS, where the correlation is weaker because of their generic nature.
Inheritance. Inheritance concerns information and knowledge transfer. Those have been identified vital for IS
survival throughout different stages of its life, particularly at system development (Joshi et al. 2007) and
implementation (Ko et al. 2005) stages. Despite of the importance of the inheritance of IS development and
implementation, only “very few organizations actively seek further benefits after implementation, or transfer
experience of success or failure in benefits delivery to future projects, i.e. they actually learn very little from postimplementation evaluation” (Ward et al. 1996, Lyytinen and Robey 1999). This is apparently paradoxical, because
the continuity of the life of an IS is dependent on the inheritance of knowledge. For example, the further
development of COTS “starts dying” after the original development team resigns (Rajlich and Bennett 2000). Inhouse IS are similar but instead of a single product being degenerated and pulled out of the markets, IS, as an
ecosystem, is easily turned into legacy systems haunting the maintainers. Also, systems integration and data
transfer are vital for the organisation’s operations at the events of the system changes (replacement, renewal,
expansion). The implications from failed inheritance are consequently manifold and serious. From the IS
management point of view, a modern IS portfolio with a mixture of in-house IS and COTS is a challenging setting.
The evolution of in-house IS requires the knowledge of that particular system while the upgrade of COTS
necessitates experiences from similar implementation and configuration projects. Having all the knowledge in-house
obviously expands the size of IS personnel. Inheritance is thus indirectly connected to the size and skill-profile of the
organisation’s IS department. The challenge is to have a right combination of staff that can handle both COTS and
in-house systems within the budget frames. Similarly systems integration and data flows pose challenges as they
are intertwined into an entangled ecosystem through interfaces, dependencies, models, and architectures – all
inherited from the previous systems generations.
Based on the discussion above it is clear that the biological life characteristics are determinants of IS life. The
significance of the life characteristics is summarised as follows:
x Hierarchical structure: Hierarchic structure forms the basis for the controllability of the complexity. In nature
the great complexity of all life is possible due to its hierarchically organised structure. In IS context the same
applies. Well organised architecture is the backbone of functional and operational IS. This underlines the
importance of understanding and knowing the information systems architecture, preferably even the
enterprise architecture.
x Homeostasis: Maintenance and evaluation ensure that an IS is operating within its optimum limits and that
the IS does not start to degenerate. IS personnel and resources management is a part of the homeostatic
functions thus their knowledge, skills and activities are emphasised.
x Inheritance: In IS context the inheritance takes its shape in the form of kknowledge transfer. It occurs at
various levels (organisational, group, individual) including e.g. tacit knowledge and experiences from
development and implementation projects for the benefit of future projects, and accumulated data within
information systems. Thus, one has to learn from the past decisions and their consequences.
x Correlation between form and function: This refers to the importance of business-IT alignment. It is also an
indicator for timing a planned change. The need for change increases as the gap between form and function
widens.
x Reproduction: Reproduction is the basis for continuity of IS lifecycle.
x Adaptation and evolution: An IS has to adapt to the changing organisation and external demands. Also a
direct managerial implication is to show caution when integrating systems with significantly differing lifecycle
speed. Technically, adaptation takes place through system upgrades and integration with existing systems
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or of new modules (Chang et al. 2008) in form of regular maintenance. If the maintenance fails, the system
will become will easily become a burden to the organization.
Growth: Growth enables the IS to develop and mature through its life stages.
Need for energy and energy conversion: Continuous inputs (human resources) are needed in order for the
IS to stay operational. From the organization’s sake, it is optimal to converse more energy (i.e. add value)
than consume it (waste resourses).
Response to stimuli: In order to stay alive, an IS has to be flexible enough to respond to the changing
requirements from its environments, both external and internal.

Based on the discussion above we suggest the following issues to be considered in IS management in the light of
lifecycle thinking:
x Control: The control over an in-house IS should be centralised and only a few stakeholder groups should be
involved in its maintenance. This limits the scattering of the development, implementation and use activities,
and increases the ability to control and understand the whole ecosystem, and consequently decreases risks,
unnecessary variations and unexpected surprises.
x Governance: It should be considered how the governance and responsibilities of an IS are distributed, i.e.
what is managed and maintained in-house, what is outsourced and what is the responsibility of COTS
vendor.
x Path dependence: When planning a new system, the development alternatives (in-house or COTS) are
often exclusionary. One has to choose between the alternatives and bear the consequences of the choice.
Hence, the existing IS defines what are the future development alternatives (Hanseth and Lyytinen 2007). In
an IS ecosystem, in-house and COTS based IS have been integrated within the limits of the previously
made choices, the “path”.
Many authors (e.g. Markus and Tanis 2000; Sawyer 2001) focus on explaining the differences between COTS and
in-house systems. In reality IS ecosystems are seldom such homogenous and, therefore, the analysis of the mixedIS-ecosystem and its different lifecycles is valuable for both practitioners and researchers. Both types of IS have
their managerial requirements on staff skills and knowledge and overall IS governance. One necessitates familiarity
with different outsourcing options while the other strong ISD development and maintenance skills. But what happens
to the tasks and responsibilities when IS ecosystem consists of mixture of systems? How can one define what skills
are needed more than others, and how can the traditional and modern IS management operate jointly? Are they
exclusive ways of working or can they be combined? The challenge is to find a balance between the new and old
requirements, COTS and in-house systems and to utilize them in the best possible way. It is suggested that our
lifecycle approach provides an alternative way of understanding information systems and their change mechanisms.
Both in-house IS and COTS have explicit lifecycles that are not identical as commonly used concept; the stages of
life, which is often used as a synonym to lifecycle. The essence of lifecycle has not thus been realised in large scale.
From the managerial perspective, the lifecycle approach provides understanding and ability to identify the events
that are repeated in every IS after IS. This provides opportunities for continuous learning and improvement. Lifecycle
is a central concept when managing an individual IS or the IS ecosystem, i.e. a collection of information systems,
which all have their individual lifecycles within an organisation.

CONCLUSIONS
In this paper, a lifecycle concept has been presented following its original definition in natural sciences. The
structured analysis helps us to understand the “life” of information systems, particularly in-house developed IS and
COTS. Such analysis reveals that IS shares surprisingly great amount of the features of living things. Based on
these premises, it is theorised that the lifecycle analogy is suitable for IS context. It is especially suitable for
understanding the iterative, repetitive events in IS life, namely use and maintenance, initiation, development and
implementation.
The lifecycle analogy provides a means for understanding both IS ecosystem as a whole, and of its individual
systems. This has also managerial implications for the management of mixed-IS ecosystem. It complements current
approaches in managing IS and their relationship with the organisation. While enterprise architecture describes
entities that have a lifecycle and that functions in a shared ecosystem, the lifecycle approach provides insights to the
life stages and life prerequisites of an individual IS. In this perspective, IS and their aggregates can be compared to
ecological structures. Their management would greatly benefit if they are understood as such. Often individual
information systems are at the different phases of their lifecycle. One system can be near retirement while another is
just introduced in the organisation. Thus, they most likely have different correlation between the form and function,
and the interaction mechanisms with the environment differ since the level of adoption is different. The users are
familiar with the old system while the newcomer may still be going through a mutual adaptation process. Under the
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circumstances, the IS management may benefit from an alternative viewpoint when trying to understand the
situation and dependencies.
During the last decades, the trend has been that the development of IS has shifted from in-house systems to COTSbased systems. The main difference between in-house development and commercial software development is that
in-house development aims at developing a particular IS for a particular purpose while commercial software
development aims at developing a software for generic purpose (Sawyer 2001). As simple as it may sound, a
software application is not an IS as such. In order to become an IS (or a part of an IS) a software has to
implemented in an organization and integrated into its existing systems, infrastructures, and processes. Only after
implementation it will come into “life”.
In this paper, we have conducted as a conceptual analysis on the lifecycle concept. It is obviously limited to
theoretical investigation. Thus, there is a clear need for further research to empirically test and validate the
presented lifecycle approach. During the literature analysis, it was noticed that the concept of lifecycle has been
widely adopted in fields of marketing, organization sciences, and IT, and as this happened its meaning had changed
from cyclic “birth-to-birth” approach to linear “birth-to-death” approach. It is suggested, that that staying with the
original definition is important since it encapsulated the vital element of iteration, the cycle. It is proposed, that one
problem related to the difficulty of IS management is that its entities, i.e. business, information, IS, and infrastructure,
are perceived from linear life to death perspective. However, data, information, knowledge, and experiences do not
disappear once a system reaches the end of its life span. Instead, they are used later, when new systems are
introduced. Linear approach thus unnecessarily narrows down the view on the IS and the whole IS ecosystem.
When the perspective is switched to lifecycle view, a new dimension, which enables the investigation of the
relationships between the entities, is opened. This proposition is so far lacking empirical evidence and hence we
recommend it as a future research topic. Other potential topics include the empirical investigation of the evolution
and management of mixed-IS ecosystem (i.e. an IS ecosystem that has both in-house and COTS based systems)
as a whole, impact analysis (or butterfly effect) study of a single change in an IS ecosystem, and the management of
the evolution of an IS ecosystem.
Our primary contribution to IS research is the introduction of the lifecycle approach to the IS context. It provokes
questions and inspires further research. Our main contribution to IS practice is the analysis of the managerial
implications of the importance of life characteristics and the iterative nature of IS lifecycle.
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Information system’s life cycle:
Interpretative study on CIO perceptions
Abstract. Life cycle theory explains change and development in organizations. In this study it
was utilized as a framework to explain change in information systems (IS). The conduct of the
study follows the interpretative tradition. Chief information officers (CIO) of large
organizations were interviewed in order to capture their perceptions on IS life cycle. The
findings indicate that the IS life cycle is perceived either as a linear sequence of stages, as life
time or as a shared life cycle with organization’s processes. The interpretation of the findings
indicates that these perceptions are related to the perception of the IS itself. The underlying IS
perception correlates to technical and socio-technical view. When viewed as a technical
system, the IS consists of software and hardware, and its life cycle portrays a sequence of
stages from beginning to end with certain duration. When viewed as a socio-technical system,
the IS is embedded in the organizational processes and evolves as the organization changes
with no beginning or end.

Keywords: Information system, life cycle, evolution, IT artifact, CIO perception

1

1. Introduction
Life cycle theory is one of the major theories that have been used to explain the development
of organizations (Van de Ven and Poole 1995, Miller and Friesen 1984). It approaches change
and development from the viewpoint of organic growth where predefined stages follow each
other (Van de Ven and Poole 1995). IS life cycle is commonly considered as a sequence of
stages from cradle to grave, i.e. from the initial development to retirement (Esteves and Pastor
1999, Avison and Fitzgerald 2003, Chang et al. 2008). In reality, however, the life of an IS is
seldom a linear sequence of stages. Instead, it is rich with numerous iterations of upgrades
(Beatty and Williams 2006), integrations (Markus and Tanis 2000, Sneed 2005) migration
(De Lucia et al. 2008) by which the capabilities and functionality of the system are extended
or improved after the initial development (Rajlich and Bennett 2000). Upgrades are needed at
regular intervals in order to keep IS aligned with changing organizational requirements (see
e.g. Mehra and Seidmann 2006, Lyytinen and Newman 2008).

The definition of IS life cycle is dependent on the definition of IS itself. Similarly, the
definition of the IS, in turn, is dependent on the discipline and position of the person (the
perceiver) towards it (Orlikowski and Iacono 2001). As an example, management and social
science focuses on the effects of IS while in computer science the main focus is in the
computational capability of IS (Orlikowski and Iacono 2001). Benbasat and Zmud (2003)
argue that one of the major problems with the IS discipline is that it studies issues and
phenomena that are remotely related to the IS and revolve around the IS but that are not the
IS (or the IS based system). Orlikowski and Iacono (2001) argue that in IS research the core
of IS, i.e. IT artefact, is taken for granted. As a consequence many critical questions are left
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unasked. Hence, Orlikowski and Iacono (2001) call for “IS researchers begin to theorize
specifically about IT artifacts” and “to take technology as seriously as its effects, context, and
capabilities”. In other words, they encourage the search for the missing IT artefact within IS
research and setting that as the focus of the IS research. Motivated by the call of Orlikowski
and Iacono (2001), the IT artefact is approached here from the perspective of the life cycle
theory. The objective of this paper is to study how the IS life cycle is comprehended in
organisations by CIOs. In order to answer to this objective, both theoretical and empirical
investigation was carried out. Interpretative research method was used in order to analyze the
nature of IT artefact behind the IS life cycle definitions found in the empirical study.

The rest of the paper is organized as follows. Firstly, the related literature is presented in
section 2. The research method is described in section 3. The empirical findings are reported
in section 4 and their interpretation in section 5. Discussion is presented in section 5.
Conclusions are made and limitations of the research are discussed in section 6.

2. Related literature
In IS research, the life cycle concept has been used to model IS development (ISD) process
(see e.g. Avison and Fitzgerald 2003, Davis et al. 1988). It describes the IS life cycle as a
linear sequence of stages consisting of feasibility study, system investigation, systems
analysis, system design, implementation, and review and maintenance stages (Avison and
Fitzgerald 2003). Examples of ISD life cycle are numerous, the best known being the
waterfall model (Davis et al. 1988). These models emphasize the development and use of
technology (Orlikowski and Iacono 2001). The life cycle analogy has been used also to
describe the acquisition and organizational deployment of commercial systems such as
3

enterprise resource planning (ERP) systems (see e.g. Fenema et al. 2007) or enterprise
systems (ES) (see e.g. Nordheim and Päivärinta 2006). An ERP system’s life cycle is
commonly described as a linear sequence of stages, e.g. adoption decision, acquisition,
implementation, use and maintenance, evolution, retirement stages (Esteves and Pastor 1999).
The problem with the linear, development or acquisition oriented models is that they lack
continuity and the ability to describe IS change and its relation to organizational change (see
Lyytinen and Newman 2008, McGann and Lyytinen 2008). They fail to depict IS life cycle
and evolution from organizational perspective.

In this paper, the work system life cycle (WSLC) is used as research framework as it binds IS
into its organizational context and through this union defines IS life cycle. Here, IS is
approached from socio-technical perspective and defined as a work system (Alter 2008a): “A
work system is a system in which human participants and/or machines perform work
(processes and activities) using information, technology, and other resources to produce
specific products and/or services for specific internal or external customers. An IS is a work
system whose processes and activities are devoted to processing information, that is,
capturing, transmitting, storing, retrieving, manipulating, and displaying information. Thus,
an IS is a system in which human participants and/or machines perform work (processes and
activities) using information, technology, and other resources to produce informational
products and/or services for internal or external customers.”

According to this definition, IS life cycle is connected to the processes, procedures and
environments in which it is used. IS is viewed as an integral part of a work system and its life
cycle is hence depicted through them. Work system life cycle (WSLC) models (Alter 2008b)
four stages, i.e. operation and maintenance, initiation, development and implementation that
4

recur in the aforementioned order (Figure 1). In the WSLC the IS evolves through iterations
(Alter 2008a). A cycle is preceded by a decision to initiate system redesigning that leads to
initiation of a development project. This paper is based on the assumption that the WSLC
model depicts the IS life cycle within an organization more accurately than linear life cycle
models.

Terminate

OPERATION AND
MAINTENANCE

Decision

Redesign

INITIATION

Continue

DEVELOPMENT

IMPLEMENTATION

Figure 1. Work system life cycle (Alter 2008b)

Theories have been used to explain the phenomena of IS life cycle and how IS relates to its
immediate (and remote) environment. Because IS as a research field is lacking its own
theories the phenomena has been explained by borrowed theories and by using analogies from
other fields of study, including organizational science, economics, management science
(Benbasat and Zmud 2003) organic biology, ecology, and social studies (Porra 1999). An IS
has been explained as an organic living entity, a part of an ecological system or a colony
(Porra 1999). These theories do not study IS life cycle per se but are important to note
because they touch the life cycle closely and include it implicitly.
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Change is a central element in IS life cycle. Software systems have to evolve, i.e. go through
progressive change, in order to remain satisfactory to the community they serve (Lehman &
Ramil 2003). Theories that have been utilized to describe the life cycle of an IS include
punctuated equilibrium theory, episodic system change theory, systems theory, sociotechnical systems theory and process theory (Lyytinen and Newman 2008). Since information
systems are closely linked to the organization in which they operate, also theories explaining
organizational change are close to explaining IS life cycle. The four major theories explaining
change include life cycle theory, evolutionary theory, teleological theory and dialectical
theory (Van de Ven and Poole 1995).

The challenge of applying analogies and theories from other disciplines is, however, that
when they are separated from the original context they get generalized and corrupted. When,
e.g. analogies from biology are attempted to be adapted to non-living (technical) objects, their
applicability cannot be taken for granted because the targets of observation are not
comparable. An IS is a socio-technical system and, hence, cannot be described solely with
technical theories, for example, or with social theories because it is a mixture of both (Porra
1999). Therefore, Porra (1999) suggests that a combination of theories or a new type of
theory, such as colonial systems theory, is needed.

The literature analysis reveals that the IS field is lacking a concrete definition for IS life cycle.
One reason for this is that the information system life cycle is directly related to the definition
of information system. As long as the concept of IS itself remains vague, the definition of IS
life cycle is obscure (see the variety on IS definition in Alter 2008a). The problem with
defining IS is that it has been used to describe “different types of objects that have many
aspects in common” (Alter 2008a). Another reason is that the definition of IS life cycle is
6

dependent on the perspective (e.g. implementation, development) one adopts towards the IS
and the system boundaries, i.e. what one includes within the definition of IS (work system
view, change theories). The perspective in its turn is dependent on the perceiver (Orlikowski
and Iacono 2001). Consequently, it is necessary to investigate how the phenomenon of IS life
cycle is conceptualized in real life by including the perceiver and their perspective towards
the IS.

3. Research method
This research was conducted according to the interpretative tradition (Orlikowski and Baroudi
1991). Interpretative research aims at capturing interviewees’ perceptions and making
interpretations of them (Walsham 1995, Walsham 2006) and through this seeks understanding
of the studied phenomenon (Orlikowski and Baroudi 1991). The principles of interpretative
research (Walsham 1995, Walsham 2006) were applied in the following way: Firstly, the style
of involvement is explained. Secondly, the collection of the field data is reported in detail,
including the way of gaining access to the research field, the reasons for the selection of the
research sites, the number of interviewees, the organizational position of the interviewees,
time period of conducting the research and what other data sources were used. Thirdly, the
reporting of data analysis includes description of recording practices of the interviews,
description of the data analysis and how the iterative process between the collected data and
theory took place. The principles of work in different countries (Walsham 2006) was not
applied since the study was conducted within one country.

The style of involvement was the one of an outside researcher without action or involvement
in the field. This means that the researcher approached the field through interviews with the
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benefit of a fresh outlook of the field and with minimum identification with the subjects
(Walsham 2006).

The access to the field was gained through persistent contacting of potentially suitable
organizations. The target group of the interview was the chief information officers (CIO) of
large private enterprises and public organizations. They represent organizations that utilize IS
in their operations, i.e. the user organization’s perspective. The development perspective was
excluded from the empirical study and hence no vendors or system producers were
interviewed. CIOs were selected as interview subjects because they have the overall
responsibility of the IT management in organizations (Varghese 2003). The selection of large
organizations as research targets was based on the assumption that large organizations have
potentially more information systems and, as a consequence, larger experience base on the
research topic than small and medium sized organizations. The findings from large
organizations were anticipated to be useful for the whole community of IS practitioners.

The selection of the organizations was done according to the available resources. As a
consequence the search of targets was geographically limited to central and southern Finland,
close to the research facilities. However, the amount of included organizations (13) is suitable
for qualitative research (Denzin and Lincoln 2000) where the amount of, or the selection of
the cases is not as meaningfull as the opportunity to learn from the cases of the studied
phenomenon (Stake 2000). The final sample represented national and international companies
and organizations from eight different industries. The field of industry was not considered
relevant because each of the organizations represents a larger group of IS user-organizations
despite of the selection method (see Stake 2000).
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The research process started with literature review. This was followed by the formulation of
the interview structure and questions. Interview questions were formulated on the basis of a
literature survey and a theoretical analysis on IS life cycle. Interview, as the primary data
source in interpretative research (Walsham 1995), was considered as the most suitable means
for the empirical investigation because the topic was new. Semi-structured interview was used
as the data collection method as it gives interviewees the freedom to express their own views
while keeping the conversation on the topic (Fontana and Frey 2000). The interview was
tested before the actual data collection. Three senior researchers reviewed the questions and
gave their suggestions for improvements. The original interview questions were formulated in
English but the actual interviews were conduced in Finnish. No other data sources was used in
addition to the interviews.

Data acquisition proceeded as follows. An inquiry for participation in interview was sent by
email to 37 large organizations that were found through internet-searches within the
predefined geographical area. In the end, 13 organizations agreed to participate in the study.
They include both national and international corporations from 8 fields of industry and public
sector (see Table 1). The size of the organizations varied between 700 and 27 000 employees.
The median of staff amount was 6 000.

Field of industry
Public administration
Industrial engineering
Retail
Education
Media
Health care
IT services
Finance
Total

Amount of organizations
3
3
2
1
1
1
1
1
13

Table 1. Distribution of organizations’ fields of industry
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Of the 13 organizations 15 persons were interviewed. The interviewees were high ranking IT
officers, including CIOs and IT department directors (see Table 2), or other high level
managers whose responsibilities included those of the CIO’s (e.g. interviewee G).

Interviewee #
A
B
C
D
E
F
G
H
I
J
K
L
M
N
O

Interviewee title

Field of industry

Director of IT department
System specialist
CIO
CIO
Corporate IT vice president
CIO

Health care
Health care
Industrial engineering
Public administration
Industrial engineering
IT services

Development services manager
IT manager
CIO
CIO
Head of IT department
Head of IT department

Education
Media
Retail
Public administration
Public administration
Finance

CIO
IS manager
CIO

Retail
Public administration
Industrial engineering

Table 2. The interviewee profile

All interviewees were given the questions prior to the interview so that they could familiarize
themselves with the topic. The actual interviews took place face-to-face at the interviewees’
own premises. Interviews were digitally recorded with permission. Only the interviewer and
the interviewee were present. In two cases, the CIO asked permission to bring an IT specialist
(B and N) in the interview because they wanted to discuss the topic thoroughly. The
permission was granted even though it caused dispersion to the interviewee profile by adding
subjects that were not at the same organizational level as the CIOs. Data collection took place
between February and April 2009. The recordings were transcribed in May 2009.
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The structure of the interview consisted of background information questions and the actual
interview question “How would you define the life cycle of an information system?”. Data
was analysed against this question by clustering it into categories. The unit of analysis was
information system. The clustering resulted three classes: 1) life cycle phases, 2) process
integrated life cycle, and 3) life time. Each category reflects the perception the interviewees
had towards the IS life cycle. This was followed by the interpretation of the CIO perceptions
by the researcher. This was done by comparing the findings with life cycle theories and the
use of life cycle concept in IS literature. This phase included returning to the transcribed
interviews in order to form an understanding or theory of the possible reasons for the
differences in perceptions related to the IS life cycle definition.

The conduct of the empirical research can be criticised for excluding the question of the
definition of IS in the beginning of the interview. However, this could have had a negative
influence on the responses by locking them to a particular definition. By leaving the actual IS
definition unasked the importance of the definition emerged naturally of its own accord. Also,
it formed the basis for the interpretation of the implicit, unarticulated IS definition between
the lines – a method that the interpretative research is built upon as suggested by Walsham
(1995). The following section reports the findings of the interview study which consists of the
perceptions that the CIOs have towards the IS life cycle. The interpretation of these
perceptions, as suggested by Walsham (1995) is given in the Interpretation section.

4. Findings
Three distinct ways of defining IS life cycle were identified from the data. Firstly, a majority
(12) of the interviewees described the life cycle as a sequence of life phases. Secondly, a
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smaller, yet distinct portion of the interviewees (6) defined the IS life cycle as a continuously
evolving system that is an inseparable part of the business or business processes. Thirdly, 5
interviewees defines the IS life cycle as the system’s life time. Most interviewees brought up
more than one viewpoint to the IS life cycle (see Table 3).

Interviewee #

Life cycle phases

A
B
C

x
x
x

D
E
F
G

x
x
x
x

H
I
J

x
x

K
L
M
N
O
Total

Process integrated
life cycle
x
x

Life time

x

x
x

x

x
x

x
x

x
x
x

x
12

6

5

Table 3. Division of the IS life cycle definitions

Life cycle phases
The most common way of defining IS life cycle was by describing the sequence of stages an
IS goes through during its life (see Table 4). Majority of the interviewees (12 out of 15
interviewees) associated the stages in some way with IS life cycle definition. The phases
related to life cycle varied from “beginning and end” to ISD project phases, describing the
process of defining, building, implementing, maintaining and disposing a system as stated by
interviewee J: ”So we start with the basic definition of needs and the normal project proceeds
in stages and when we launch the maintenance and support phase at some point […] I see the
12

life cycle model from the very beginning to the point where again we move on to a new
system, if we stop the use in the other end at some point.”

Interviewee #
A
B
C
D
E
F
G
I
J
K
L
O

Phases (extracted from the interviews)
Need, decision, building, use, maintenance, geriatric care
Feasibility study, decision to start a developmen project, requirements specification, acquisition
or development in-house, implementation, maintenance, evaluation (continuous), evolution,
giving up, replacement, changing the system
Specification of need, selection of system, system adaptation, implementation, upgrades, closedown
Specification, technical planning, transition into production, maintenance, development,
continuous development
Identification of need, specification, version changes, upgrades, releases, geriatric care, putting
down, data archiving, data conversions in a new system,
Need for change, need for more functionality, requirements collection from business and
processess, development, implementation, use, updates, changes, further development, end of the
road, close-down
Acquisition process: requirements specification, request for offers, selection, use (for ever), end
(seldom)
Implementation, giving up, turning off
Normal project: Basic survey, specification of needs, trigger for development, maintenance and
support, system change, end of use
Identification of needs, feasibility study, specification, technical specification, development,
testing, transfer into production, maintenance, small-development phase, close-down, archiving,
data conversions, turn off power
Idea and business need, selection: in-house building or acquisition, implementation, gaining
business benefits, additional development needs, renewal needs, life cycle management phase
(development, completion, fixing), system renewal, replacement
Idea, concept, requirements, development project, system’s life on its own, does not correspond
to reality, un-plug the system

Table 4. Life cycle phases

The findings suggest that the life cycle on an IS begins with the identification of need for
change. “It starts with the identification of need, feasibility study, definition, technical
definition, building, testing, transfer to the production” (Interviewee K). The trigger for
change can be, for instance, that the existing system does not meet the current requirements.
Next, is the feasibility study and decision making whether the project should be started or not.
One of the CIOs pointed out that the “the most important decision that relates to any
information system life cycle is whether the system will be built at all” (interviewee A).
Requirements are then specified. System is acquired based on the specifications. This includes
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bidding and system selection. The selection takes place between alternative available products
or between alternative vendor candidates system building as described by interviewee G “So
we do the requirements specification and then we proceed to the bidding stage and then we
choose it”. Next stage is the actual building of the system or acquisition project. The acquired
or newly developed system is then implemented in the organization. Implementation is
followed by use and maintenance as described by the head of IT department (K) “Then there
comes maintenance phase and this small-development stage […] and then the close down,
archiving and data conversions. It ends when the power is turned off and all necessary data
has been transformed to some other format.”After some time the new requirements come up
and the IS is modified accordingly. Evolution activities included system upgrading, version
updates, complementary development, adding new features, and other changes. In the end, the
system is closed down. It is replaced with another system or abandoned. These stages are
described by interviewee L in the following way: ”Then additional development needs start
to emerge, need to renew and we enter this so called life cycle management phase, during
which the system is developed, complemented, repaired, etc, until it starts to be in a stage that
either the business need has changed so much or then you have other business needs to renew
the whole system and in that case you start with the idea that you will have a new system that
replaces the previous one.”

There was some variation on how much emphasis was put on the stages. The activities related
to the beginning and end of the life were emphasized over the middle stages (see Table 5). For
instance use and maintenance were mentioned by three and four interviewees respectively.
The identification of need, requirements specification and development or acquisition project
were mentioned by eight interviewees. The most emphasized stage was system close-down.
The issues related to the death of the system were discussed in detail by 10 interviewees.
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Particular issues of concern were related to the end of life activities such as data conversion
from the old system. The death was also described with diverse expressions including
“geriatric care” (interviewees A and E), “putting the system down” (interviewee E), “closedown” (interviewees F and C) or “unplugging the cables” (interviewee O). The end was
explained more than any other activity. There has to be a good reason for a close-down of any
system. Reasons for close-down included: the system cannot support the business anymore,
company buyouts where organizational merger that resulted multiple systems for the same
function and excess systems are discarded, a system has degraded and has drifted beyond the
point of cost-effective saving, legacy systems where qualified programmers no longer exist,
vendor bankruptcy or vendor’s decision to discontinue system development.

Phase

Mentioned by interviewees

Identification of need
Decision
Requirements specification
Acquisition or development project
Implementation
Use
Maintenance
Further development (changes)
Closedown

A, C, E, F, J, K, L, O
A, B, L
B, G, C, D, E, F, G, K, O
B, C, G, A, K, F, J, O
B, C, D, F, I, K, L
A, F, G
A, B, D, J
L, K, F, E, C, B
A, B, C, E, F, I, J, K, L, O

Total amount
mentioned
8
3
8
8
7
3
4
6
10

Table 5. Summary of the life cycle phases

The interviewees’ description of life cycle stages was typically complemented with a
description of factors that triggered a shift from one stage to the next. Development or
acquisition project is triggered by two types of need. Type 1 is the need to change the existing
system. Type 2 is the need to add something new to an existing system. “The thought arrives
that now something has to be done, something is missing or something does not comply with
needs (interviewee F)” The need for change originates from three sources: business,
technology, and vendor. The main change driver is business. It sets the framework in which
the IS operates. According to a CIO from financing company, change is required when the
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“business has changed” Demands from the organisation’s external environment, such as
changes in legislation, regulate the business environment and subsequently influence the
development of organisation’s IS. Technology, on one hand, sets limitations and, on the other
hand, guides evolution. Technology grows old and has to be replaced, or IS starts ‘living its
own life’ and degrading. Vendors triggers change by giving up system support.

Process-integrated life cycle
The process-integrated IS life cycle class (see Table 6) consists of the answers that define IS
life cycle through its functional role in an organization. IS life cycle is integrated to business
processes. The interviewees emphasized that while the organization fulfils its task the IS has
to adapt to any changes in it. IS is changed or renewed according to business needs.

Interviewee #
A
B
D
H
I

M

Process integrated life cycle (extracted from the interviews)
Basic organizational functions and processes remain unchanged. When processes change
systems grow and change accordingly.
Evolution is significant, systems and their vendors change but the basic need does not
dissappear.
Information system is a part of processes and services, is shares their life cycle. Systems
barely ever die.
User interfaces change into more colourfull ones and external appearance changes but the
basic philosophy, the purpose of use, does noe change. These is no end to the system life. It
only changes shape during time and data is transferred from one database to another.
Systems exist and evolve within IS architecture. The functions of tasks, e.g.
communications, exists even though its technical component has been changed many
times, yet the basic functionality remains. As a functional unit, a system is difficult to
define because it is connected to the process that utilises it.
The life cycle is defined by business. IS has to adapt to the changes in the business and
change accordingly.

Table 6. The process integrated life cycle

Six interviewees (A, B, D, H, I, M) related the IS life cycle to their own organization’s
business processes. As an exception to this, one interviewee (G) stated that in their
organization the IS life cycle is defined by the government’s data administration policy.
“Then there are cases where they are dictated, that now everyone in the government office
16

use this kind of [system] and we cannot really have any influence on them in any way. And,
the life cycle then also depends on what the state dictates there at the background and the
government data administration” (interviewee G).

The IS was perceived as a part of a larger entity, integrated with various other systems and
connected to a specific function (or functions) in an organization. The interviewees argued
that an IS does not have a life span with beginning and end. Instead, they perceived IS as an
inseparable part of organization’s operations that continuously changes and evolves according
to the organization’s needs. The interviewees argued that the life cycle cannot be defined
without the organisational context. The representatives of this category found defining IS life
cycle challenging. They argued that IS life cycle follows the organisation’s life cycle and
changes when the business requires a change. Nevertheless, most of them recognised the life
stages of a technical system but considered the process-integrated approach more relevant
from business perspective than plain technical approach.

Besides the integration to organisational processes, inter-IS integration was recognised. A
development and service manager from education field (Interviewee G) pondered this issue
by saying: ”the life cycle is perhaps more and more related to the issue that they [IS] are not
perceived as individual systems but how they are integrated with each other, and as a whole,
a whole of systems. Then of course interfaces are needed, quite a lot of them, between
different systems. So, maybe this way one could think about life cycle, I suppose.” IS
architecture was brought up with system integrations. The interviewees considered it vital to
recognise the relationships between different systems and see the ‘big picture’ of IS. The
increasing system integrations caused concern about the manageability and individuality of
the organization’s IS. ”Besides lately I have also had fear that they start getting more

17

complicated and so unreasonably difficult, these information systems, that soon it is not
possible any more to renew a whole system starting from the beginning. Nobody can convert
all the data from them into a new system and so one has to develop just certain parts of it. In
a way the information system can seemingly stay in operation even though it has all been
renewed little by little” (Interviewee N).

Evolution was closely related to the process integrated life cycle. Two enablers of continuous
evolution were found. The first enabler is the fixed basic need and stable organizational
processes. A stable process base enables the use of the ‘same IS’ forever. The versions
change, modifications are made, technology is renewed, and new features are added, yet the
core functionalities remain the same. ”The evolution is an important issue. The systems are
changed but the basic need does not go anywhere” (interviewee B). The second evolution
enabler is the emergence of new IS development approaches. Agile development methods
(Nerur and Balijepally 2007) provide a system base that is easy to change and create the
possibility for continuous improvement. In doing so it makes it unnecessary to terminate the
system one day in the future. A CIO from the public sector (interviewee D) stated the
following: “So this has come to us, too, this agile system development. We are developing all
the time and iterating and are trying to be a bit more dynamic than in the old days”. Another
evolution enabler, particularly for legacy systems, is Service Oriented Architecture (SOA)
(see e.g. Sneed 2006). SOA extends the IS life time by allowing the old core systems to run
underneath a new service layer untouched and enables system integrations on higher levels in
system architecture (Sneed 2006). CIO from retail (interviewee M) said “it [the old system]
can fulfil the basic task and these certain interfaces are well defined, what can be retrieved
from there and what can be stored there”. New development methods also alter the consumer
expectations when acquiring new IS. The IS is expected to be built to change. This becomes
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apparent from the following statement (interviewee G): ”it [IS] is selected with the
assumption that they will be in use forever”.

Life time
The concept age was related to the definition of IS life cycle (Table 7). The average system
age varies between 1-30 years. Interviewee E said “all this time period in between [beginning
and end of life] can vary from one year to twenty years depending on the system”.
Interviewee A said “The life cycle is fifteen years, or the time in use is fifteen years”.

Interviewee #
A
D
E
K

System life time (years)
15
20-30
1-20
15-20

Table 7. System life time

Some interviewees made a difference between the total life time and version life time. For
instance the total life time of an IS can be 20 years, while the life time of a system version is
5-10 years (interviewee O). One interviewee (N) defined life cycle as system life time in use:
“I myself consider that it [life cycle] is the system’s technologically feasible time in use.”
Otherwise system life time was associated with the stages view of IS life cycle (interviewees
A, D, E and K) or with both stages and process-integrated view (interviewees A and D).

5. Interpretation of the findings
The findings suggest that the perception one has on the IS life cycle reflects the perception
one has towards IS itself. ”It depends what we consider as information system“(interviewee
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B). This supports the proposition of Orlikowski and Iacono (2001) that the definition of the IS
life cycle is dependent on the view the one has towards IS. This was stated by interviewee I:
“If we speak from technical point of view the system life cycle is easily defined. […][It is]
when the technology is adopted and when it is given up. But if we speak about functionality,
the system as a functional entity, then the it [the life cycle] is considerably more difficult to
define. In my opinion, it is connected to the process that utilize it”.

The interpretative analysis revealed two distinct ways how IS was viewed by the CIOs. IS
was perceived as a technical system or as a socio-technical system. Viewed from technical
perspective, an IS has has a clear beginning and end and as described by interviewee H:
“Hardware grows old or spare parts are not possible to get. They have to be changed
therefore”. Viewed from socio-technical perspective, the IS consists of IT, tasks, people,
processes, and lives and develops continuously with the organization and the processes it
supports as articulated by interviewee D: ”information system does not have a life cycle but
instead it is the life cycle of the process and the service and the information system is just a
parti in it, so the life cycle of an information system is similar to the actual process.”

This reveals that the technical view towards IS is related to the life view that has a beginning
and end. Socio-technical view connects the IS to the human actors through processes (see e.g.
Alter 2008, Lyytinen and Newman 2008). The findings provide basis for making an
interpretation that the life time and life stages view towards IS life cycle are associated with
technical view towards IS itself. Process-integrated IS life cycle view on the contrary is
related to the socio-technical IS view (see Table 8).
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Interviewee #
A
B
C
D
E
F
G
H
I
J
K
L
M
N
O
Total

Socio-technical IS view
Process integrated life
cycle
x
x

Technical IS view
Life cycle phases

Life time

x
x

x

x
x
x
x

x

x
x

x
x
x

x
x
x
x

x

x
x
x
12

6

5

Table 8. Division of the IS life cycle definitions

6. Discussion

As a response to Orlikowski and Iacono’s (2001) call for theorizing on IT artifact this paper
states the following: Firstly, the IS life cycle has triple nature. The CIOs perceive it as a
sequence of stages, process-integrated life cycle or life time. The definition of the IS life cycle
is dependent on the view that the perceiver has towards the IS itself. Secondly, the IS
definition has dual nature. On one hand it can be defined as a technical system, on the other
hand IS can be defined as a socio-technical system. As stated by Orlikowski and Iacono
(2001), the definition of IS depends on the perceptions of the perceiver. More specifically,
these perceptions are related to the scope. Narrow scope, that is associated with technical IS
definition, has closer system boundaries that rule out the organizational context. Wide scope,
associated with IS definition as a socio-technical system, has system boundaries that include
the organizational context. Based on these findings a question arises: Is the search for one IT

21

artifact definition justified? Should the IS community accept the multiplicity of perceptions
and continue with the perceiver-dependent IS definition instead of continuing the quest for a
universal definition for IS?

Many organizations underestimate the issues and problems related to ERP life cycle (Chang et
al. 2008). This study aims at increasing the understanding and awareness of the IS life cycle
in organizations in order to reduce IS life cycle management related problems. The findings
on process-integrated life cycle exhibit similarities with socio-technical models including
Benbasat and Zmud’s (2003) definition for IT artifact and Alter’s (2003) work system.
Surprisingly, the assumption that organizational IS life cycle follows WSLC model was not
fully met. Instead, technical project model and life time based views were common. The life
cycle phases view resembles the linear stage models in literature, e.g. ERP life cycle models
of Esteves and Pastor (1999) and Chang et al. (2008), or IS development process (Avison and
Fitzgerald 2003). Interestingly, system close-down received significantly more attention than
other stages. This gives indication that close-down it is a critical event in practical IS
management. This finding correlates to the high number of end-of-life studies of legacy
systems (see e.g. Bennett et al. 1999, Bergey et al. 1997, Sneed 2005).

The technical perspective has advantages in the operational level IS management. It facilitates
the conceptualisation and management of the IS because it can be divided into small and
manageable stages. The disadvantage is that the “big picture” of the IS as a whole may get
blurred. The life cycle phases view forms a base for project-oriented IS management where
each stage is treated as a separate project. The life cycle is thus a sequence of projects:
feasibility study project, acquisition project, implementation project, etc. IS as a sociotechnical construct evolves continuously as the organization changes (Leavitt 1965). The life
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cycle of a socio-technical system is context-dependent as stated by Orlikowski and Iacono
(2001). It is “IS and its circumstances” (see Ortega y Gasset 1914). This makes the IS life
cycle management a much greater challenge that necessitates holistic solutions such as
enterprise architecture (Lankhorst 2005).

The findings suggest that IS life cycle is a difficult concept to define. As a part of the sociotechnical construct, the individuality of an IS is impugned. The measurement unit becomes
clouded and system boundaries are difficult to define. Consequently, IS life cycle is difficult
to define. IS life cycle definition depends on the viewpoint one adopts towards the IS itself.
Also, it has a different meaning for different people. Hence, a shared agreement on the IS
definition and an understanding the IS life cycle are prerequisites for managing the ISs in an
organisation. It can be concluded, that the technical perspective is suitable for operative level
IT management, socio-technical perspective is necessary for long-term strategic IS planning
and overall IS management.

7. Conclusions
In this study, IS life cycle was studied theoretically and empirically from management point
of view. CIOs from various fields of industry were interviewed in order to gain empirical
evidence on the nature of IS life cycle in organizations. The objective of the interview was to
encapsulate the perception that the respondents had towards IS life cycle. The findings
suggest that CIOs perceive IS life cycle in three different ways: as a sequence of stages, as
system life time or as a life cycle that it intergrated with organizations’ processes.
Interpretation of these findings reveal the duality of the underlying IS definition. The life
cycle of an IS as a technical system is associated with a sequence of life stages and system life
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time. The life cycle of an IS as a socio-technical system represents to the CIOs a system that
is integrated in organization’s processes and continuously evolves with them.

These views represent the two sides of a coin. Being seemingly different, yet they
complement each other by representing two different perspectives on IS. The organizational
life cycle frames the IS in large scale: it defines the beginning and the end of processes and
work systems. This large scale life cycle on its turn consists of numerous evolutionary cycles,
i.e. births and deaths of technical systems. Hence, it can be derived that an IS has innumerable
evolutionary cycles within a life cycle which is defined by the organization. Systems and their
versions may change but as long as the task or process remains the work system is alive.
Replacement is the end of a system in a technical sense. Despite of a technical change the
social system continues fulfilling its goals and the life cycle of a socio-technical system
continues.

This paper has implications for both practitioners and researchers. The implication for
practitioners is the potential difference of views that one may face when in IT management.
The operative level IT management benefits mostly from adopting the technical perspective
on IS life cycle while adoption of the socio-technical perspective is necessary for strategic IS
planning and management. The implications for research is the increase of understanding of
the variety of perceptions of IS life cycle in practice. The findings commit to the IT artifact
discussion by providing empirical findings on how practitioners perceive the IT artifact and
its life cycle.

The research was conducted in Finland. Care should be taken when generalizing the findings
that are culturally bound. The uneven gender distribution of the interviewees is potentially
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limits the interpretations of the results. Fourteen out of the fifteen interviewees were males,
leaving only one female. However, when considering the job description of a CIO, the gender
distribution unlikely influences the results. The data somewhat reflects the economic
depression and possibly added certain undertones to the results.

Further research is needed to explore the implications of the technical and socio-technical
view of the CIO’ towards IS life cycle management practices. Other suggested topics for
further research include a historical investigation of life events of long-lived IS and the
influence of outsourcing services such as SaaS (software as a service) on IS life cycle.
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Abstract:

Decisions regarding information system evolution strategy become topical as the organisation’s information
systems age and start to approach the end of their life cycle. An interview study was conducted in order to
compare factors influencing modernisation and replacement initiation. System age, obsolete technology and
high operation or maintenance costs were identified as triggers for both modernisation and replacement
projects. The results show that the most prevalent individual reason for modernisation initiative is business
development. Common initiation factors for replacement projects were end of vendor support and system’s
inability to respond to organisation’s business needs.

1

INTRODUCTION

Continuous evolution is necessary in order to
maintain a system’s ability to respond to the
requirements of its environment (Lehman 1998).
When a system ages and conventional maintenance
faces increasing difficulties with system up-dates the
organisation often faces a ”legacy dilemma”
(Bennett 1995). A system with a long lifetime often
contains accumulated business critical data yet
preserving its functionality as such would require
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extensive use of resources and face difficulties due
to obsolete technology (Bennett 1995).
There are three strategies to tackle a legacy
system: 1) continuing maintenance despite of
possible complications, 2) replacing the legacy
system with a new system, or 3) modernising it
(Bennett 1995, Seacord et al. 2003, p. 8-10).
Modernization and replacement are significant
economical investments with wide range of
organisational effects. Consequently, evolution
decisions are of great importance. In practice, the
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assessment of potential evolution options is
challenging and decisions are often made informally
and largely based on intuition (Saarelainen et al.
2006).
The aim of this study is to compare replacement
and modernisation projects in order to provide an
understanding of the factors influencing evolution
initiation. A comparative study is important because
when the differences and similarities of evolution
types are known they can be taken into consideration
in evolution planning and decision processes. The
term evolution initiative refers to “a formally
established and organized effort to evolve a system”
(Bergey et al. 1997). Here, the term initiation factor
refers to the decision basis and the reasons that
trigger evolution activities.

2

EVOLUTION OPTIONS AND
DECISION MAKING

In the past, several decision frameworks and models
have been developed to systemise legacy system
management and decision making. These include
SABA – a decision model for legacy systems
(Bennett et al. 1999), Renaissance (Warren and
Ransom 2002), A decision framework for Legacy
System Management (De Lucia et al. 2001), and
Enterprise Framework for the Disciplined Evolution
of Legacy Systems (Bergey et al. 1997). All these
models emphasise the fact that legacy system
decisions should include consideration of a number
of factors and that the decision process should be
rather formal in order to assure the success of system
evolution. It has been proposed that the essential
elements influencing legacy system evolution
initiative are organisation, project, legacy system,
target system, systems engineering, software
engineering and technologies (Bergey et al. 1997).
Modernisation aims at improving the existing
system to correspond with the requirements of its
environment. It involves such radical modification
that it cannot be considered as regular maintenance
(Seacord et al. 2003, p. 9). Despite the significant
improvements, a considerable proportion of the
legacy system is conserved in the modernisation
(Seacord et al. 2003, p. 9). Aversano et al. (2004)
propose that prior to modernisation decision the
technical and the business value of the existing
system should be assessed. Koskinen et al. (2005)
list
twenty
decision
criteria
influencing
modernisation decision making, the ten most
important criteria being: system usability, end of

technological support, changes in business
processes, maintenance costs, system correctness,
system efficiency, expected remaining system
lifetime, size of required changes, application
domain expertise of maintainers, and delocalized
system logic.
Replacement refers to an activity as a result of
which a legacy system is replaced with another
system providing the same functionalities (Warren
and Ransom 2002). The replacing system can be
purchased as an off-the-shelf application (Seacord
2003, p. 10) or it can be a result of a redevelopment
project (Seacord 2003, p. 10, Bisbal et al. 1999).
Bandor (2006) suggests that software selection
process often focuses on the system functionality
while ignoring the intangible factors related to the
use and organisational influences of the system, and
system management and operation related risks.

3

RESEARCH METHODS

The goal of the study was to compare two evolution
types, i.e. modernisation and replacement, with
respect to evolution initiation triggers. Therefore, it
was relevant to collect empirical evidence on the
topic. A qualitative research approach was chosen
for it was desired to produce new information on the
topic and not only to verify the results of previous
research. For this purpose, semi-structured interview
was considered as the most suitable data collection
method (see Seaman 1999). Interview topics were
selected and questions formulated based on a
literature survey.
A set of pre-requirements were defined for
acceptable projects for the interviews. The selection
criteria were: 1) the project fitted either the
modernisation or the replacement definition
presented earlier, 2) the project was completed, and
3) a new or modernised system had been
implemented in the organisation by the time of the
interview. Also, an interview could relate to one
evolution project only.

3.1

Data Acquisition

Data was acquired with phone interviews. Randomly
picked organisations were contacted and inquired
whether there had been suitable modernisation or
replacement projects in the organisation’s past
(between years 2000 and 2005). If the response was
positive, a key person involved in the project was
contacted and requested an interview. The suitability
of projects was assessed with the key person before
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the interview. If there had been more than one
project that fitted the given criteria it was negotiated
with the key person which project would be best
suited to for discussion.
The person interviewed was most commonly the
person with the deepest involvement or knowledge
about the selected project. Prior to the interview, the
interviewees were sent a list of the topics that were
to be covered in the interview so that they could
refresh their memory on the project and check
documents or other data sources if necessary.
Data collection took place between autumn 2004
and autumn 2005. A total of 60 interviews were
gained but all of them could not be used in the
analysis for the following reasons: the project did
not meet with the pre-requirements; or the project
was a borderline case between the definitions of
modernisation and replacement. These interviews
were excluded from the analysis. The final material
sample consists of 29 interviews from which 14
concerned modernisation and 15 replacement
projects. Data was collected from 28 organisations,
including both private companies and public
organisations, and from 29 evolution projects within.
One person was interviewed per project. One
organisation yielded two suitable projects and thus
the number of projects (and interviews) is higher
than the number of organisations.
Most of the interviewees were upper or middle
level managers in data administration. The sample
also included IT development executives and other
IT personnel. The study focused on user
organisations and, consequently, system suppliers
were excluded.

3.2

Data Analysis

Interviews were recorded by the permission of the
interviewee and then transcribed. Data collection
was closed when the material was saturated, i.e. new
cases did not bring new information on the topic. In
data analysis, classification by theme, type, and
content breakdown were used. Before the analysis
the material was read through several times in order
to gain familiarity with it and to identify features
that describe the material in general. The material
was coded by theme in order to increase the fluency
of handling. After the theme classification, the
material was classified according to the frequency of
response types in order to increase the comparability
of the results.

3.3

The reliability of the results was assured by using
two researchers to analyse the material. They were
not connected to the organisations and approached
the material from an outsider’s perspective. It was
noted for that the reliability of the results could be
weakened by the fact that the material was relatively
heterogeneous, i.e. it consisted of different types and
sizes of organisations and information systems.
However, the responses were fairly homogenous in
both evolution types. This indicates that the diversity
in target organisations and systems have not
undermined the reliability of the results.
The use of semi-structured interview provided a
possibility to acquire in-depth information on the
same topic from a variety of interviewees. The
issues and viewpoints the interviewees brought up in
addition to the pre-designed questions were relevant
to the topic and added depth to the material. The
reliability of the results could have been improved
with additional quantitative data collection.

4

RESULTS

In the following, the results on evolution initiation
comparison are reported. Citations1 from the
interviews are included in the text in order to clarify
the results. The proportion of the appearance of each
factor with respect to the total amount of projects is
given in brackets (number of appearance / total
amount). Abbreviation “R” is used for replacement
and “M” for modernisation.
A total of 15 initiation factors were identified in
the study. Some of these appeared in both
modernisation and replacement projects, while some
were evolution type specific. Factors influencing
both modernisation and replacement initiation are
system age, obsolete technology and high operation
or maintenance costs. Identified replacement
specific initiation factors were end of vendor
support, need to unify disintegrated systems and
scattered data, need for a system compatible with
organisation’s other systems, software or hardware,
and to follow organisation’s IT strategy or the
prevailing IT trends within the industry.
Modernisation specific initiation triggers were the
desire to develop organisation’s business or business
processes, the requirements presented by a business
1
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Citations have been translated from Finnish to English
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partner, responding to customer needs, legislation
changes, and competitive advantage.
Table 1 summarises the initiation reasons and the
number of their occurrence in replacement (column
“R”) and modernisation (column “M”) projects. The
number or occurrence presents the total number of
projects where a presented factor appeared.
Table 1: Reasons for evolution initiation.
Reason for evolution initiation
System age
Obsolete technology
High maintenance or operation costs
Maintenance difficult or not possible
End of vendor support
Incompliance with business needs
Disintegrated systems and scattered data
Incompatibility with other systems
Incompliance with IT strategy
IT trends in the field of industry
Business or business process development
Customer needs
Business partner requirements
Change of legislation
Competitive advance

4.1

R
9
3
1
1
7
7
3
3
2
1
-

M
5
4
2
3
7
2
1
1
1

Replacement Initiation

The results suggest that replacement initiation is
triggered by ten factors. These factors and their
distribution throughout the replacement projects is
depicted in Table 2, where R# denotes replacement
project and x indicates the appearance of initiating
factor in a project. Column TR gives the total
number of initiation factors’ appearance across the
replacement projects.
Three factors appeared significantly more
frequently than the others: the system age (9/15), the
end of vendor support (7/15), and the system’s
inability to respond to company’s current business
needs (7/15). Often these three major reasons
appeared together or combined with other factors.
(R7): "The system was mainly from the year 1985
and then further developed. Its basic structure was
nearly 20 years old … operations had changed
significantly during that time and business
requirements had changed so much that it was
decided to renew the system.”
In almost half of the replacement projects (7/15),
the reason for acquiring a new system was the
legacy system supplier that had stopped or had
announced the termination of system updates,
maintenance or technical support. Typically, the
vendor had informed the customer that development
of the system would be discontinued. In R5, R11 and

R12, the existing system was not compatible with
other systems in its operational environment, with
new operating systems or up-dated hardware. In the
following, an interviewee (R5) describes a project
where both of these factors were present: ”… we had
a very old, about 10 years old, information system in
use and we were in a situation that we could not
really get updates for it and it was not compatible
with these new operating systems any more. So in
that situation we had to renew the system.”
In R4, R9 and R12, the legacy system consisted
of interoperating sub-systems and problems with
scattered data arose. The goal was to unify separate
systems by replacing them with a single ERP system
that would store all data in one location. An
interviewee (R4) concludes: “…when there are
various small systems and their maintenance costs
are fairly high we aimed at [getting them] within
one system. On the other hand we were thinking
about the transparency of customer data, and that
we were transferring the same data in so many
places, so that was one reason why we wanted to get
rid of those separate systems.”
In addition to old age and disintegrated systems, IT
trends in the field of industry encouraged system
replacement (R12): Well, it [system] was aged and it
consisted of separate systems and at some point we
should have changed it anyway … and what I have
heard is that those [companies] who used the same
systems, they have had quite a strong changing wave
going on.”
Organisation’s IT strategy guided the decision
making in two cases. In R12, the system was
completely rewritten in order to comply with new
architecture and operating system requirements
defined in the IT strategy. In R4, according to
organisation’s IT strategy all systems were to be
united and, hence, individual systems were
integrated into one organisation wide ERP system.

4.2

Modernisation Initiation

The results suggest that modernisation initiation is
influenced by nine factors. From these three types of
modernisation initiatives can be identified: business
development driven modernisation, legacy system
The largest individual modernisation trigger was the
desire to develop the organisation’s business or
business processes (7/14). It was typical that the
weaknesses of the legacy system were
acknowledged and action was taken in order to
improve related operations.
Modernisation activities were considered as a
natural part of organisation’s operations and they
took place in regular intervals (M11): “This project,
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we called it ‘the development of IT environment for
better business process support’. … the whole IT
environment and architecture was developed. It
supports business processes and business objectives
better. … one can say that it is an endless [process]
but now [in this project] the basic improvements
have been done.”
In one case, where modernisation was seen as
an enabler of organisational development, it was
anticipated to provide competitive advance. The
motive for modernisation was to be the first
organisation in the national markets to use new
technology (M12): ”Yes, it has reference value if we
are the first ones to do something.” In another case,
the prevailing IT trends within the industry were
regularly reviewed and assessed from business
development perspective (M5):
“I belong to a national data administration group
and we meet fairly regularly and discuss about the
state of the art of software development in our line
of business.”
In four modernisation projects the initiative
originated solely from business development
motives (M4, M12) or as response to external
pressure (M6, M14). In M6, legislation had changed

and required rapid changes in the system. In M14,
modernisation was initiated by the change request of
an important business partner and responding to it
was perceived as an opportunity for system
improvement to better respond to customer needs
and for business development.
The results indicate that legacy system related
factors form the largest group of modernisation
initiation reasons. Old age (6/14), obsolete
technology (5/14) and impossible maintenance
(3/14) were typically mentioned. Economical factors
accompanied obsolete technology. High operation
costs (2/14) were additional motivators. In extreme
cases, old age (M3, M9) or obsolete technology
(M7) was the only reason for modernisation.
The third identified modernisation initiation type
includes both technical and business reasons: system
was old and did not serve the user organisation as
well as in the past (M5), system was old and did not
respond to new customer needs (M1), maintenance
was not possible and organisation wanted to develop
its business operations by modernising the existing
system (M11), or maintenance was nearly
impossible due to obsolete technology and system

Table 2: Reasons for replacement initiation.
Initiation factors
System age
Incompliance with business needs
End of vendor support
Obsolete technology
Incompatibility with other systems
Disintegrated systems and scattered data
Incompliance with IT strategy
IT trends in the field of industry
Difficult maintenance
High maintenance costs

R1 R2 R3 R4 R5 R6 R7 R8 R9 R10 R11
x
x x x x x
x
x
x
x x
x x
x
x
x x
x
x
x
x
x
x
x
x

R12 R13 R14 R15
x
x
x
x
x
x
x
x
x
x

x
x

TR
9
7
7
3
3
3
2
1
1
1

Table 3: Reasons for modernisation initiation.
Initiating factor
Business or business process
development
System age
Obsolete technology
Maintenance not possible
High operation costs
Customer needs
Business partner requirements
Change of legislation
Competitive advance
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M1 M2 M3 M4 M5 M6 M7 M8 M9 M10 M11 M12 M13 M14 TM
x x
x
x
x
x
x
7
x

x

x

x

x
x
x

x

x

x
x

x
x

x

x
x
x
x

4
4
3
2
2
1
1
1
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was modernised in order to better supported business
processes and objectives (M13).
The distribution of initiating factors throughout the
modernisation projects is depicted in Table 3, where
M# denotes modernisation project and x indicates
the appearance of a factor in the left hand side
column in a project. Column TM gives the total
number of initiation factors across the modernisation
projects.

5

DISCUSSION

The reasons behind replacement and modernisation
initiatives were noticeably similar but varied in
nuances. Legacy system related factors proposed in
earlier studies (see e.g. Aversano et al. 2004, Bergey
et al. 1997), i.e. system age, obsolete technology, or
difficult and costly maintenance, influenced
evolution initiation in both project types.
A separating factor concerning evolution
strategy selection was the degree of evolution
initiative anticipation. Organisations that decided to
modernise their legacy system wanted to develop
their business processes. They were, in general,
aware of IT trends in their business line and
launched modernisation in order to develop their
business. The interviewees were not directly asked
about their organisation’s business perspective, yet it
was mentioned as an important factor in half of the
interviews. Thus, strategic business planning as
management activity (see Bergey et al. 1997) was a
central element. On the contrary, interviewees from
organisations that had chosen replacement as an

evolution strategy did not express the desire for
business development. Instead, replacement was a
reaction to the vendor’s announcement of ending
system support or to the system’s inability to support
organisation’s business operations. This would
suggest that a system management related risk
appeared real (see Bandor 2006) and caused action.
It is proposed that modernisation took place as a
result of proactive situation assessment while
replacement was a reaction to a change in
organisation’s internal or external environment. The
reasons behind this phenomenon require further
research.
The results show that legacy system replacement
and modernisation differ from each other with
respect to vendor influence on evolution initiation.
Nearly half of the replacement projects were
initiated because the system supplier had given up
system development or support. However, in
modernisation projects, vendor’s actions did not
influence evolution initiation. It is concluded that
organisations that decide to replace legacy systems
are more dependent on system suppliers than
organisations that choose modernisation.
When compared to the earlier findings, it can be
noticed that there is clear divergence between
initiation factors although similarities exist, too.
Table 4 lists the decision criteria reported by
Koskinen et al. (2005), which are in the text denoted
with D, and the findings of this study, denoted with
MIF (modernisation initiation factors) and RIF
(replacement initiation factors) in a descending order
of importance. An interesting finding was that
system usability, which was listed as the most

Table 4: Comparison of evolution initiation criteria.
No. Modernization decision criteria (D)
(Koskinen et al. 2005)
1. System usability
2. End of technological support
3. Changes in business processes
4. Maintenance costs
5. System correctness

Modernisation initiation factors
(MIF)
Business development
System age
Obsolete technology
Maintenance not possible
High maintenance costs

6.
7.
8.
9.
10.
…
15.
16.

Customer needs
Business partner requirements
Change of legislation
Competitive advance

System efficiency
Expected remaining system lifetime
Size of required changes
Application domain expertise
Delocalized system logic
…
System age
Changes in business environment

Replacement initiation factors
(RIF)
System age
End of vendor support
Incompliance with business needs
Obsolete technology
Disintegrated systems and scattered
data
Incompatibility with other systems
Incompliance with IT strategy
IT trends in field of industry
High maintenance costs
Maintenance difficult
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important modernisation decision criteria, did not
occur among the evolution initiation factors of found
in this study. An explanation for this phenomenon
was not found and would require further research.
Another observation is that the modernisation
decision criteria reported by Koskinen et al. (2005)
correspond to replacement initiation factors better
than modernisation triggers found in this study.
Correlation for all but one replacement initiation
factor, i.e. end of vendor support (RIF2), exists: RIF
1 = D15, RIF3 and RIF7 = D3, RIF4 = D2, RIF5 and
RIF6 = D5, RIF8 = D16, RIF9 = D4, and RIF10 = D7.
RIF5 and RIF6 correspond to system efficiency (D6)
because they led to inefficient system use in studied
organisations. It should be noted that D2 refers to
general technology changes and, hence, it should not
be mixed with RIF2.
Six of the identified modernisation initiation
factors match with the previously presented criteria.
The following correlations exist: D2 = MIF3, D4 =
MIF5, D7 = MIF4, D15 = MIF2, and D16 = MIF6,
MIF7. New factors, not appearing in the list by
Koskinen et al. (2005), are business or business
process development objective (MIF1), end of
vendor support (RIF2), and competitive advance
(MIF10).
The amount of factors influencing evolution
initiation decision is significantly smaller than given
before (see Koskinen et al. 2005). The results
strengthen the previous findings of the importance of
engaging both business and technical aspects in
evolution decision making (see Aversano et al. 2004,
Bergey et al. 1997).

6

SUMMARY

The aim of this study was to compare replacement
and modernisation projects with respect to the
reasons that initiate evolution activities in order to
provide evidence on their differences and
similarities to support evolution planning and
decision processes. The differences and similarities
were mapped with an empirical study where data
administration managers, IT development executives
and other IT personnel from 29 evolution projects
were interviewed.
The results confirm the previously suggested
modernisation criteria but challenge the order of
their importance. The findings question the
importance of system usability, previously claimed
to the most important modernisation decision
criteria. New factors complementing earlier findings
are business or business process development
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objective, end of vendor support, and gaining
competitive advantage.
System age, obsolete technology and high
operation or maintenance costs were identified as
triggers in both evolution types. The most common
initiation factors in replacement projects were
system age, end of vendor support, and system’s
incompliance with the organisation’s business needs.
The most common reasons for modernisation were
the desire to develop organisation’s business or
business processes, system age, and obsolete
technology.
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Abstract
A system upgrade requires careful planning as its implications to organizational systems might be
enormous. Although in IS literature the requirements and process of systems upgrade have been discussed, the timing when to upgrade and what factors guide it has been of lesser interest. Consequently, in this paper we focus on information systems upgrading and its timing from the perspective
of the user organization. Upgrading is enabled by the availability of a new software version. When to
upgrade, meanwhile, is determined by the business interests of the customer organization, business
calendar, development projects, and the vendor. These factors were identified by interviewing 14 IT
managers, mainly CIOs, from middle size to large organizations in Finland. They presented 16 different cases of upgrading or modifications of enterprise systems or similar undertakings. The analysis of
the cases and the identification of the upgrade timing factors not only increase our understanding of
the phenomena in general, but also reveal the customer’s motives and interests regarding IS upgrading and its timing.
Keywords: Version change, system upgrade timing, vendor, customer, motives, determinants
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INTRODUCTION

System upgrade is a decision making point for both the system vendor and the system user, i.e. the
customer. In order to stay in markets, the vendors have to produce and sell new versions of their products. In fact, they are producing new versions faster than the customers can adopt them (Sawyer 2001).
The system users think differently. They balance between acquiring the newest version and using their
current system. As the enterprise resource planning (ERP) system implementation process is complex
(Al-Mudimigh et al. 2001) and costly (Chen 2001, Stefanou 2001), the users have to consider both the
fit between the system and their organizational needs (Hong and Kim 2002) and the timing of acquisition or upgrade. There is, consequently, a conflict of interest between the vendor and the customer in
switching from one system version to another, i.e. upgrading the system.
ERP system implementation engages the customer in a tight relationship with the system vendor for a
relatively long period of time (Markus & Tanis 2000, Verville et al. 2005). This kind of long-term
marriage emphasizes the need for shared interests and mutual trust as they influence the quality of cooperation between the partners. Consequently, at the point of making decisions, the partners’ motives
and interests should be considered as they put the stakeholders in a position where their interests might
conflict – if not immediately, then potentially over time.
Although system upgrades have become an integral part of IS management, the timing of a version
change is unsystematically defined in the user organizations (Mukherji et al. 2006). Similarly, the investments to new systems have dominated IS research while the system upgrade has been overlooked
(Mukherji et al. 2006). Particularly the timing of the packaged system upgrade has been a neglected in
ERP system research (Ng 2001).
This paper studies the determinants for the timing of enterprise system (ES) upgrades, particularly
ERP system upgrades, from the user organization’s point of view. In other words, we aim at recognizing conditions that define system upgrade timing. The literature analysis focuses on clarifying the differing perspectives the user organization and the vendor have towards software product’s life cycle.
Also, the ES system evolution and vendor-customer relationship are analyzed. The purpose is to identify system upgrade related life cycle phases and to show how the differing viewpoints towards software product’s life cycle generate differing, and partly conflicting, interests with respect to IS upgrade
timing and frequency. This analysis has practical implications as it will help vendors and customers to
understand the causes for potential conflicts with respect to IS upgrading by laying out the interests
and motives of both parties.
In order to understand the customers’ dynamics and determinants for ES upgrade timing, empirical
research was carried out. 14 high level IT executives (mainly CIOs) were interviewed from 12 middle
size to large Finnish companies and public organizations. The interviews yielded 16 cases concerning
IS upgrading. Empirical findings provide in-sights on the drivers and inhibitors of system upgrade timing. They will help one in practice to schedule upgrading and understanding the required conditions.
The remainder of the paper is organised as follows. The next two sections discuss the software product’s life cycle from both vendor and user organization’s perspective and system upgrade and its timing. Research methods and settings of the empirical research are then described. This is followed by
the reporting of the findings. The findings are further discussed and a model for the determinants of IS
upgrade timing is presented. The paper ends with a summary.

2

CUSTOMER, VENDOR AND PRODUCT LIFE CYCLE

Enterprise systems are specialized and increasingly diverse (Messerschmitt & Szyperski 2003). Their
development is driven by both the customer’s and the vendor’s interests and motives (Sawyer 2001).
The vendor is interested in developing software products for the markets while the customer’s interest
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is in assembling coherent IS out of software pieces (Sawyer 2001). The distinction between these perspectives is significant as they provide reciprocal, mutually complementary view towards an interesting phenomenon: timing the upgrade.
An organization that purchases an ES or ERP system enters into long-term relationships with the software vendor, even from five to ten years (Verville et al. 2005). This underlines the importance of the
quality of the relationship between the customer and the vendor. However, due to the divergent perceptions towards the IS life cycle, potential conflicts of interest exist. The customer is dependent on
the vendor for both system support and changes (Markus & Tanis 2000). This urges for an analysis of
the software product’s life cycle in order to be able to understand the relationship between systems
development and its upgrading, the former performed by the vendor, the latter by the customer.
2.1

Software product’s life cycle

The vendor’s business is to sell software and related services. Software development process consists
of five distinct phases: initial development, evolution, servicing, phase-out and close-down (Rajlich &
Bennett 2000). Initial development refers to a phase where the system’s first functioning version is
built from the scratch. As initial development is expensive and risky with potentially no return, the
vendor attempts to release the products as fast as possible in order to “generate revenue and to beat
any competition” (Rajlich & Bennett 2000). Particularly at the beginning of the product’s life cycle,
the monopolist software producers use the tactics of “leveraging incompatibility” between different
versions in order to force the customers to update their software (Mehra & Seidmann 2006).
The system seldom remains unchanged over time but instead tends to evolve. The “capabilities and
functionality of the system” are extended to meet the changing needs of the users. The system undergoes a sequence of iterative changes triggered by customer demands, competitive pressure or legislative actions (Rajlich & Bennett 2000). The evolution is manifested through versions.
New versions are released at certain intervals until the sales drop. Software reaches the servicing phase
(Rajlich & Bennett 2000). New versions are not assembled any more as the evolution becomes increasingly difficult or expensive. Under these circumstances the vendor provides corrective maintenance, that is, service patches. Service patches easily degrade the system architecture and speed up
software decay which eventually leads to phase-out phase (Rajlich & Bennett 2000).
At the phase-out phase, the vendor tries to get revenue from the system with no efforts (changes, service patches) as long as possible before withdrawing the product completely from the markets. Since
the servicing is stopped, the users have to work their way around the upcoming difficulties (Rajlich &
Bennett 2000). Finally the system is closed down. The vendor withdraws it from the markets and induces the users to replace it by another system.
2.2

Customer’s interests

The customer creates an IS from the available commercial software products (Sawyer 2001). These
pre-fabricated products and their various versions are building material that are transformed into an
operating and organizationally integrated IS by means of adoption and implementation. This process
has been depicted by various life cycle models of ERP and ES systems (e.g. Esteves & Pastor 1999,
Cooper & Zmud 1990, Markus and Tanis 2000).
Customer’s IS related investment decisions and procurement strategies are largely guided by the markets (Narasimhan et al. 2006). For each system upgrade the company attempts to increase its compliance and alignment with their business needs. The customer is interested in the quality of the product,
its delivery, and the vendor’s responsiveness and innovativeness in order to evaluate how effective the
vendor is and will be in meeting the customers varying needs (Narasimhan et al. 2006). Usually the
customers want to be able to contribute to changes in the system. They also expect the new versions to
be better aligned with their needs.
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Because of the complexity and costs of the implementation of large IS (Al-Mudimigh et al. 2001,
Chen 2001, Stefanou 2001), it is in the company’s interest to upgrade systems only when needed. Frequent or unnecessary upgrades, even when being technologically feasible, cause problems by consuming staff resources and IT budget and by disturbing the end-users (Esteves & Pastor 2005, Mukherji et
al. 2006). Consequently the customer wants to get the version changes done as rarely and efficiently as
possible.
2.3

Conflicting interests between customer and vendor

The examination of the perceptions of the customers and vendors’ IS life cycles reveals potential conflicting interests related to upgrade timing. These are summarized in Table 1. The software product
life cycle from vendor’s point of view has been taken as a reference model because the vendor’s dominant position in the customer-vendor relationship.
Phase
Initial development
Evolution

Vendor’s interest
Deliver a new product on the markets as fast
as possible
Offer new versions frequently

Servicing
Phase-out
Closedown

Meet with customer demands, competitive
pressure, changes in legislation
Offer service patches instead of new versions
Provide no changes
Stop providing system support

Table 1.

Customer’s interest
Purchase a mature and reliable, fully tested
software
Upgrade only when needed and only versions with optimal functionally
Get custom changes
Get large scale changes or a new version
Get changes for the system
Continue the use of the system

Potential conflicts of interests between vendor and customer.

At initial development phase, the vendor seeks to deliver a product on the markets as fast as possible
while the customer is seeking for mature product with no “childhood diseases”. Thus, a conflict arises
from supply and demand not meeting at product quality and maturity level. At evolution phase, vendor’s eagerness to offer new versions at high frequency (Sawyer 2001) and induce the customer to
commit to a specific upgrade program conflicts with the customer’s interest to upgrade systems only
when needed. At servicing phase, conflicts arise from customer’s change requests which the vendor is
not willing or able to provide. An apparent conflict emerges at phase-out stage when the customer requests system support that is no longer provided.

3

DEFINING SYSTEM UPGRADE TIMING

Software products typically evolve fast and in small incremental steps. As new versions are released
regularly, the customer‘s question is not ‘whether’ to upgrade the system, but when to do so (Mukherji
et al. 2006). Particularly in the context of ERP systems, the users do not typically invest in every new
version but instead “leapfrog to adopting a subsequent release” (Mukherji et al. 2006). Hence, the upgrade decision is dependent on the available versions and contingent factors. Legal issues may force
(Mehra & Seidman 2006), lack of vendor support may push and potential competitive advantage may
motivate the version change (Kankaanpää et al. 2007). However, financial issues play a major role in
upgrade decisions.
System upgrades are less expensive and are expected to yield less benefit than investments to new systems (Mukherji et al. 2006). An upgrade still remains a considerable investment that requires joint organizational efforts. Frequent upgrades are both costly and risky, yet delaying the upgrade decision
may “lead to loss of competitiveness” (Mukherji et al. 2006). However, postponing the upgrading increases the gap between the version in use and the supported version in markets. The upgrading becomes increasingly difficult as the gap grows (Mukherji et al. 2006). This emphasizes the importance
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of timing of the upgrade, which further necessitates the understanding of the vendor’s product life cycle and developed plans (Narasimhan et al. 2006).
An economics-based decision model for defining the optimal IT upgrade timing (Mukherji et al. 2006)
indicates that “investments in upgrades are best made when the gap between new technology and current technology reaches a critical threshold. Among other factors, this threshold is influenced by technology cost, change management cost and opportunity cost.” (ibid). Technology cost refers to the
costs of adopting a new version. Change management cost is the cost of upgrade deployment activities, e.g. the time used for learning new routines and re-training the users. Opportunity cost means the
cost of lost opportunity. It can manifest itself through the decreased productivity or the loss of revenue
due to the decision not to adopt new technology or to adopt an ill-fitting version.
The model suggests that in order to optimize the upgrade timing, the customer should wait until the
technology cost of the new version decreases since the latest version is the most expensive immediately after its release. Also, if the estimated change management costs are high, upgrade should be
postponed. However, if a company does not invest in new technology, it may loose the opportunity for
higher productivity. (Mukherji et al. 2006). An optimal time for the upgrade occurs when the difference between the level of technology in use and the level of the most suitable new technology level
hits a critical threshold. This means the company has to compare the technology and change management costs to the opportunity costs. “Leapfrogging” as an upgrade technique supports these findings:
the most economical way of upgrading is to wait until there is a need for change, skip unnecessary
versions, and upgrade when a clearly beneficial version is available. (Mukherji et al. 2006).

4

RESEARCH METHODS AND SETTINGS

In order to identify the preconditions influencing the timing of the system upgrade from the customer’s point of view, 14 IT executives, mainly CIOs, from 12 mid to large size companies and public
organizations in Finland were interviewed and are included here (Fontana and Frey 2000)1. Table 2
portrays the cases and their fields of industry.
Case #
A
B
C
D
E
F
G
H
I
J
K
L
M
N
O
P

Table 2.
1

Field of industry
Engineering
Financing
IT services
Public administration
Public administration
Public administration
Retail
Public administration
Retail
Engineering
IT services
Retail
IT services
Engineering
Media
Public administration

Case description
ERP system upgrade
ES system version change
ES system version change
ES system vendor and version change
ES system upgrade
ES system upgrade
ES system version change
Workstation and operating system upgrade
Workstation and operating system upgrade
Groupware system upgrade
Invoice handling system version change
Accounting system change
Patient management system change
Maintenance service system upgrade
Publishing system change
Intranet technology upgrade and vendor change

Summary of the cases.

An invitation was emailed to 37 organizations, from which 13 responded. This resulted 15 interviews: Four interviews
yielded 2 IS upgrade cases, eleven interviews yielded 1 case, and one yielded no case. Only the interviews with the cases are
included here. Consequently, the interviews yielded a total of 16 cases from 14 subjects representing 12 organizations.
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The interview questions were formulated according to a literature survey (c.f. Kankaanpää & Maaranen 2009). A large number of detailed questions were drawn from the theory basis after which their
abstraction level was raised. This decreased the number of questions. They were then pilot tested by
three colleagues. The questions were revised according to the feedback before the actual interviews.
Data collection took place from February to April 2009. The questions were emailed to the subjects
prior to the interview. Each CIO was interviewed face-to-face in their premises – except in two sessions, where both CIO and his/her aide were present. Each interview was recorded with permissions,
and transcribed for analyses.
For this paper, the data was analyzed against the interview questions (see Appendix A). Then, it was
categorized according to themes that arose from the material. The researcher familiarized herself with
the material thoroughly in order to gain deep understanding of the cases.

5

FINDINGS

The interviews show that the rationale for IS upgrade timing depends on business benefits, business
calendar, organization’s ongoing and planned development projects, and vendor. In the following,
those are discussed in detail.
5.1

Business interests

The potential value for business, minimized hindrance for the business, and the organization’s readiness for an upgrade provide a basis for IS upgrade timing. In general, these business related issues define the large scale time frame for upgrades.
Expected business benefits greatly influence the timing of the version change. As one of the CIO’s
described: “the upgrade timing depends precisely on the value of its business case2” (case B). This
points out the customer’s interest to evaluate the potential opportunities and added business value that
could be reached with the new version. Likely business benefits encourage for rapid upgrade.
Despite the expected business benefits, the organization’s financial situation has a word whether to
upgrade. “We had a good financial situation in our company. We have money to invest. And we can
get a positive investment decision. That set the schedule” (case J). However, another CIO provided
slightly different viewpoint: “So in this case the timing was chosen on the basis of when there are resources available for the version change. However, as a matter of fact, we upgraded the system as we
had to do so” (case B). The availability of resources and favorable financial situation are preconditions
for a version change. When these conditions are met, the investment proposals can be more easily accepted and funds granted. Hence the timing of the version change of large IS, such as ES systems, is
commonly decided in conjunction with planning and budgeting.
The business interests of the customer necessitate minimizing the hindrance for the business. Particularly this appears with non-business critical systems upgrades: “Because this is not clearly business
driven version change, it is timed in a way that it causes the minimum amount of inconveniences. If it
was a business driven version change, then we would have defined the timing by the business case.”
(case B).
5.2

Business calendar

As simply as it is, possible timeslots for upgrading are defined by the organization’s business calendar.
Business calendar defines the annual business activities of a company. Business calendar is strongly
2

Translations from Finnish are made by the authors.
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influenced by the (national) accounting practices, laws, and cultural issues, such as people preferences
and holidays. Also, the level of internationalization and industry specific business characteristics, define each organization’s own business calendar. For instance, a CIO from retail industry described the
influence of operating in multiple countries: “the more we expand our business abroad, the smaller
are the timeframes [for system upgrades]. There is no time in a day because the stores are open. This
is a retail industry specific issue. The stores open up in different counties at different times, typically
at 9 a.m., and then they close at 9 or 10 p.m. But 9 a.m. in another country is different than in Finland
or somewhere else.” (case L).
Each field of industry has its own high-business and low-business seasons. As a rule of thumb, IS upgrades are preferably made during the low-business seasons where the potential hindrance for business
is at lowest. However, such windows for change are sometimes rare – as the quote from retail industry
(case L) above points out. The changes can be made only outside the business hours, putting an emphasis on the quality of upgrading work. If the upgrade of a system fails, the next opportunity might be
open a year later. Yet the businesses are not the same: for building sector and agricultural field the
low-business season is winter, in public administration low-business seasons are March and October
(no budgeting or reporting taking place), and for health care, there is no low season. “Often they [upgrades] are related to system down-time and similar issues. When the health-care services rely on the
system, the timing of a shut down is extremely important. And it cannot be down for many days. Yes,
the timing is extremely important.” (case E).
Nevertheless, there are also several universal times when IS upgrades are avoided. Those include
Christmas, turn of the year, and summer holiday season. The turn of the year demarks the end of the
fiscal year and the beginning of the reporting period. The closing of the accounts and annual reporting
cannot be compromised by any IS related risk. “At the turn of the year, we always tried to quiet it
down. The reason is that the turn of the year is critical for the banks. That is the reason. Then another
thing is, that then there are usually lots of changes to taxation and such. And the reports are done and
everything else. And when you have implemented new applications, new features etc. throughout the
year, annual reporting, which is exceptional, occurs for the first time. So you aim at calming it down,
you don’t do much in that month. We set the close season from half way of December and it continues
over the turn of the year.” (case B).
Similarly, during the summer season, or Easter time, the changes in IS are avoided. This is because the
employees are on holiday, not available for doing upgrades. This means that factually there are two
periods in a year when the upgrades are possible: “From mid August to late November and from February to May, that’s when the major changes are made” (case N). Yet, these time frames are not continuous. Fiscal year and fiscal periods determine time frames for the possible IS upgrades as, for instance, reporting has to take place regularly. Optimally the best time for IS version change is at the end
a fiscal year, immediately after the annual financial statements and reports have been published. This
means that new versions should be deployed at the beginning of the year.
Different kinds of systems have different windows of opportunity for their upgrades. Accounting systems, for instance, have strict rules when any change can be made. This means that financial administration systems are frozen during the closing of the books in January and February. Also the connections between systems have to be considered as “everything influences everything” (case O).
5.3

Development projects

Systems are not upgraded in a vacuum. An upgrade is usually conducted in a project that is dependent
on the organization’s project calendar and development agenda, and internal policies and plans. For
instance, an organization’s IT strategy may define a frequency of system upgrades. This was the case
in case C where ES upgrade was performed regularly, in every 2 years. In case H, workstations were
updated in systemic 4-5 year intervals. The size of IS upgrade project also influences the timing. The
bigger the project, the earlier it has to be planned and scheduled.
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Ongoing and forthcoming development projects influence IS upgrade timing. Basically there are two
strategies: to avoid concurrent projects (i.e. IS upgrade and other projects), or to integrate process improvement projects with an IS upgrade project. If simultaneous yet independent changes cause unnecessary inconveniences and hindrance to end-users, concurrent changes and overlapping projects are
avoided. For instance in case J, as upgrading the groupware system changed the work practices of
thousands of employees, the version change was timed carefully in order to avoid encumbering the
end-users with other simultaneous projects.
The approach of integrating process improvement with IS upgrade takes an opposite approach. The
rationale is to pack multiple changes into one big project. This means that the end-users have to go
through a fundamental change in a short period of time instead of a sequence of smaller changes in
long period of time. This minimizes the amount of hindrance to one’s work and productivity. For instance in cases A and O, the timing of a version change were settled according to the business process
development so that they would support each other, and help the users to adapt to multiple changes at
the same time.
5.4

Vendor

The upgrade is evidently dependent on the availability of a new version. Sometimes the latest version
is not fully operational or contains many bugs. The timing is thus dependent on the vendor’s ability to
deliver and guarantee a fully functional and usable version. Any uncertainty there leads to assuring
actions by the customer. For instance in case I, the schedule of an operating system release was not
clear. This forced the organization to update their workstations not with latest but an older version in
order to avoid risks related to the newest and most desirable version.
Support services and their termination is a compulsive reason for upgrade. In case K, regardless of the
vendor’s suggestion, the organization had postponed their version change for several years. The vendor was reluctant to continue the support service despite of the organization’s continuous requests.
Finally, the vendor announced that the support ends and that they cannot take any responsibility for
the system any longer. This defined the timing of the version change in a concrete fashion.
Case K also points out that vendor’s interests are not always in line with customer’s interests. The
vendors propose version changes and upgrades from their own business perspectives and schedules
which do not necessarily match with the customers’ interest, needs or business calendar. Although
some organizations found the vendor’s upgrade programs useful and beneficial, in most of the cases,
the conflicting interests between the vendor and the customer were experienced. Usually the vendor
wanted to do changes that the customer did not want – or vice versa. “Then there’re the vendor’s reasons why it would be good to do the version change now. Those reasons seldom match with ours. They
usually don’t. In other words, the vendor’s desires always contradict with our model. Or very often
they do. Nevertheless, the customer anyway understands that they have to change the version in order
to keep up with the development, so how it should be scheduled then?” (Case L).
No matter whether the vendor and the customer negotiate when to change the version, there are situations when the upgrade is not possible when wanted. For example in case D, version change was defined by the ending of the contract with the vendor. As soon as the contract ceased, the customer was
able to change the vendor and upgrade the ES system.

6

DISCUSSION

The literature analysis suggests that the timing of the IS upgrade is dependent on the availability of a
suitable version, the customer’s need for upgrade and economics. These are supported by the empirical
findings of this study. Additionally, the empirical findings suggest that, from the customer’s point of
view, the timing of an IS upgrade is guided by four determinants, namely business interests, business
calendar, on-going and planned development projects, and the vendor (see Figure 1).
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Business interests
x

Added value for business

x

Avoidance of hindrance

x

Finances and resources

Business calendar
x

Business seasons

x

Accounting practices

x

Business characteristics

x

Internationalisation

Development projects

IS upgrade
timing

x

Project calendar

x

Upgrade policy

x

IT strategy

Vendor

Figure 1.

x

Availability of a new version

x

Upgrade program

x

End of support

The determinants of IS upgrade timing.

The literature suggests that the possibilities for system upgrade for a customer are largely dependent
on the phase of the product’s life cycle. Our findings parallel. When the product’s lifecycle is in its
early phases, the vendor tries to persuade the customers for frequent version changes (see also Rajlich
& Bennett 2000). Yet that is not necessarily the customer’s interest (see also Esteves & Pastor 2005,
Mukherji et al. 2006). During the servicing phase new version are no longer developed and in phaseout also the provision of support is terminated. Hence, the customer needs to understand the difference
between software product’s evolution and servicing (Rajlich & Bennett 2000), i.e. the software product life cycle. Our findings suggest that the interests of the customer and vendor often collide for the
aforementioned reasons regarding the product life cycle. In Case K, conflict was a result from the customer’s desire to continue the use of an aged version that the vendor was not able to support. However, the most commonly experienced conflict is due to the fact that a vendor persists on a version upgrade against the customer’s interests.
Our findings indicate that the reasons that limit the possibilities and time-slots for system upgrade in
the user organization are business calendar, including business seasons, accounting practices, business
characteristics and degree of internationalization. Besides, business interests such as avoiding hindrance to the business and availability of resources and finances set boundaries and limitations for the
timing of IS upgrading. Nevertheless, the most significant determinant for upgrade timing is the business value of the upgrade. An upgrade can be justified only if a profitable business case can be presented.
The technology upgrade model by Mukherji et al. (2006) states that the best time for an upgrade is
when the gap between the version in use and new available version reaches a critical threshold. Our
findings do not explicitly reveal whether the companies use such models for determining the suitable
upgrade timing. However, the findings support “leapfrogging” as the most efficient and used technique for defining IS upgrade timing. Only in rare cases (e.g. case B) the actual upgrade plan was followed and each new version deployed. The predominant technique was to balance between using the
old version as long as possible and changing versions as rarely as possible. This means that the customers have in-depth knowledge about the functionalities of the systems in use and their own needs.
On the other hand, they actively follow the development of the products on the markets in order to be
able to compare the functionalities with the functionalities of their present version. The degree of leapfrogging is determined by the aforementioned business calendar related issues and business interests.
Additionally it is influenced by the organizational development projects. Project calendar, internal policies and plans, organization’s IT strategy define a frequency of system upgrades (e.g. case C and H).

18th European Conference on Information Systems

Page 10 of 12

IS upgrades are planned and scheduled in conjunction with other development activities in order to
avoid overlapping projects (case J) or to combine projects when joint benefits are anticipated (cases A
and O). This was considered as an important issue particularly concerning the fluency of work of the
end-users.
Our investigations provide evidence on the importance of correct timing of IS upgrades. Business reasons are the main motives for defining IS version change or upgrade timing. They are strongly related
to risk management, expected business benefits, and avoiding hindrance to business. Yet they are not
the only reasons. Technological advancement and wear have also their impacts on upgrades. Despite
of the dependency on the vendor, the customer has quite a lot of freedom with respect to upgrade timing. The customer may postpone the upgrade up to the point when it has to be made as e.g. support
services are stopped (e.g. case K). The availability of a suitable version and resources are the preconditions for IS upgrade. Business calendar, business issues and development projects on their half define when in are the possible times for upgrade.
In the past, IS literature (e.g. Avison & Fitzgerald 2003, Iivari et al. 2009, Hartwick & Barki 1994) has
greatly emphasized the vendors’ needs to understand the customer. Likewise, the customer may benefit from understanding their software product’s vendor. In order to gain competitive advantage, the
customer need to carefully plan their IS upgrade activities in respect to appropriate versions available.
If they can anticipate the changes in the product’s lifecycle, they can choose their next upgrade and its
schedule more beneficially. Based on the literature analysis and empirical findings, it can be concluded that if the customer-vendor relationship is framed by open climate and mutual trust, the conflict
of interest stemming from the economics of upgrading (i.e. eagerness to sell and reluctance to buy) can
be minimized.

7

SUMMARY

In this paper we have studied the determinants for the timing of enterprise system (ES), particularly
ERP system, upgrades from user organization’s point of view. We aimed at recognizing conditions
that define system upgrade timing. We have collected, by interviewing 14 CIOs, a list of determinants
that influence the IS upgrade timing. The empirical findings indicate that customer’s IS upgrade timing is defined by business interests, business calendar, ongoing and future development projects, and
the vendor. The paper contributes to practice by illustrating determinants for the timing of system upgrades in user organizations. The paper contributes to research by increasing the general understanding
of the rarely studied phenomenon: system upgrades. Both vendors and customers may benefit by gaining a deeper understanding of the dynamics of IS upgrade timing by comprehending each other’s motives and interests related to it.
In this study, our focus has been on the customers. In order to understand the phenomenon holistically,
also the vendors should be studied by empirical means. The study was limited geographically in Finland. Thus the organizational culture provides nationally colored findings and limits the ability to generalize the results. Although most of the studied organizations are in global business, the results might
be different in another context. The findings indicate that there are differences in how timing is defined in different fields of industry. Yet, our sample is too small to make any generalizations about and
beyond these differences. We call for further research to investigate this issue. Despite these limitations, we believe the results are valuable for researchers and practitioners in their future activities of
scheduling the next upgrade.
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Appendix A: The interview instrument
Background information
(A recently upgraded IS was chosen for the topic of the interview.)
Name of the information system: _____________________________________________
Purpose of the information system: ____________________________________________
Vendor: _________________________________________________________________
Year of acquisition:________________________________________________________
Interview questions
What kind of phases the IS has gone through during its life until the present date?
What reasons triggered the latest upgrade?
How did you get information of the available new versions?
On what grounds the upgraded version was selected?
On what grounds was the timing of the upgrade decided upon?
What kind of significance the timing has on IS upgrade?
How well the timing of this recently upgraded IS succeeded? ______ (On scale 1…..5, where 1 =
poorly and 5 = outstandingly)
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Abstract
In this paper, eight financial investment criteria and their advantages and
disadvantages with respect to IS evolution benefit assessment are studied.
As a result, it can be suggested that it is unattainable to define one
appropriate evaluation method for IS evolution assessment in general.
However, NPV and ROI appear to be the most appropriate methods for IS
evolution evaluation. Their results can be reinforced with the supporting
investment criteria, including AAR, IRR and payback method. The
following potential challenges in evolution investment decision making
were identified: selection of an appropriate criteria, acquisition of suitable
metrics and follow-up data, data conversion, and comparison of different
types of evolution options. A preliminary framework, ISEBA, was
developed to address these challenges.

1 Introduction
Maintenance and system evolution activities have a significant role in the
information system (IS) life cycle. It has been estimated that
approximately 80% of the total IT expenses are allocated for maintenance

2 Irja Kankaanpää¹, Jussi Koskinen¹, Tero Tilus¹, Henna Sivula¹, Heikki
Lintinen¹, Jarmo J. Ahonen²

activities [20]. According to Lehman’s first law, maintenance is necessary,
because software needs to be continuously improved or it will get out of
date and cannot respond to the requirements of its environment [19].
Despite the importance of IS evolution investments, there is a gap between
the IT related costs and company profitability [27]. Brynjolfssen [10]
described this as a productivity paradox: information technology
utilization has increased since the 70’s but simultaneously productivity has
slowed down.
The work effort of maintenance is generally proportional to the life
time of a system. Therefore, it is more dominant in legacy information
systems [7]. Besides being old, a legacy system is typically large at size
and contains vital information for the user organization, uses out-of-date
technology, and is laborious to maintain [3] [4]. There are three strategies
to deal with a legacy system: 1) maintaining and using the system as it is,
2) developing or purchasing a new system to replace it, or 3) radically
improve, i.e. modernize, the legacy system in order to meet the new
business needs [4] [25, p 8-10].
IT investments can be roughly classified in two categories, acquisition
projects and development projects [24]. In the context of IS evolution,
acquisition project includes purchasing off-the-self software in order to
replace the existing legacy system. Development investment refers to a
project that aims at developing new or modernizing the existing system.
Therefore, replacement can be either an acquisition or development
project, while modernization is always a result of development activity.
The major difference between acquisition and development projects, in
terms of investment evaluation, is the length of time that is required for the
benefits to start to appear [24]. In the first, an organization starts to benefit
from the investment as soon as the acquisition has been made. In the latter,
the benefits start to accumulate only after the project has been completed
[24].
Evolution investments are economically significant and, consequently,
their justification in financial terms is important. Because a legacy system
is closely tied to an organization, a careful consideration of operational
environment and organizational context is a prerequisite for its successful
migration [5], and should be incorporated in the evaluation process.
However, in reality the management often expects plainly financial
evidence to support evolution decisions. In this paper, the goal is to study
the advantages and disadvantages of financial investment criteria and their
suitability in IS evolution benefit assessment. Additionally, a framework
for evaluation method selection is presented.
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This is a work-in-progress paper that summarizes the preliminary work
on IS evolution benefit assessment within an industry co-operation project
called ELTIS (Extending the Lifetime of Information Systems) during
2003-2005. The project was carried out in the Information Technology
Research Institute (ITRI), University of Jyväskylä, Finland. It focused on
prolonging the lifetime of IS in an economically viable manner.

2 Investment criteria
Dehning and Richardson [12] conducted a literature review on studies
covering the impacts of IT on firms’ performance in 1997-2001. In most of
these studies, IT investments had been evaluated with the means of direct
performance or accounting measures. That is where the business owner, by
tradition, is expecting to see the implications of investments. In case of IS
evolution investments, however, the benefits are not necessarily reflected
on the firm’s performance or accounting figures. The financial investment
criteria can only detect tangible benefits while ignoring the intangibles. In
the past, several benefit assessment methods have been developed in order
to address this problem [15]. In this paper, the focus is on the so called
classical financial investment evaluation methods. On the basis of a
literature review, the advantages and disadvantages of eight financial
investment criteria are presented and their suitability on IS evolution
assessment is evaluated.
Classical financial investment criteria can be divided in three
categories: 1) discounted cash flow criteria, 2) payback criteria, and 3)
accounting criteria. Discounted cash flow criteria include net present value
(NPV), internal rate of return (IRR), and profitability index. Payback
criteria consist of payback period and discounted payback period.
Accounting criteria consists of average accounting return (AAR). [23, p
256]. Other investment criteria include return on investment (ROI) method
and real options approach (option pricing models) [11, p 139]. Investment
criteria, their advantages and disadvantages are described in Table 1.
In general, discounted cash flow criteria are considered the most
preferred option when evaluating investment proposals [23, p 256]. NPV is
in most cases the recommended approach [23, p 256]. On the contrary,
investment criteria based on accounting figures are not as useful with
respect to investment planning is because they are aggregated and pastoriented [23, p 245]. They can be used, however, as complementary
criteria together with other investment criteria.
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Table 1. Investment criteria
Criteria and definition

Advantages

Disadvantages

NPV
The difference between

Includes time value of money

Unsuitable for analyzing

investment’s market value and

p 256].

[11, p 73]. No serious flaws [23, acquisitions because of shortterm and user-oriented focus
[13]. Unable to deal with

cost [23, p 233].

uncertainty [24].
IRR
The discount rate that makes the

Includes time value of money

May lead to incorrect decisions if

[11, p 73]. Results are easy to

project cash flows are

NPV of an investment zero [23, p communicate and understand [23,unpredictable, investment options
245].

p 253].

are mutually exclusive, [23, p
253] or level of uncertainty is
high [24].

Profitability Index
The present value of an in-

Results are easy to communicate May give misleading results

vestment’s future cash flows

investment funds are scarce. [23, mutually exclusive [23, p 254].

divided by its initial cost [23, p

p 253-254].

and understand. Useful if

when investments options are

253].
Payback period
A time period from the moment

Simple and easy to under-stand. Requires an arbitrary cut-off
Adjusts for uncertainty of later

point. Ignores time value of

when an investment is made to the cash flows. [23, p 240]

money and cash flows beyond

moment when the cash flow from

cut-off date. Biased against long-

the investment equals the original

term or new projects, and

investment cost [23, p 240].

liquidity. [23, p 240]

Includes time value of money
Discounted payback period
The length of time required for an [23, p 242].

Ignores cash flows beyond cut-

investment’s discounted cash flows

towards liquidity [23, p 242].

off date [23, p 256]. Biased

to equal its initial cost [23, p 240].
AAR
An investment’s average net

Easy to calculate. Needed

Ignores the opportunity cost [9]

information is often available.

and time value of money [23, p

income divided by its average

[23, p 245]

245]. Does not compare to real

One of the most significant

Ignores the scale of the

calculation methods for

investment and timing of cash

book value [23, p 243].
ROI
The ratio of net benefits plus the

market returns [9].

original investment divided by the evaluating managerial
initial investment [11, p 70].
Real options
An approach used to evaluate

flows. Not useful for planning.

performance [6, p 207]. Simple

[6, p 207]. Insufficient if used

and clear [11, p 70].

alone [11, p 72-73].

Able to deal with uncertainty

Complex to communicate.

[24]. Provides managerial

Input values are difficult to

alternative management strategies flexibility [11, p 146] [24].

estimate. Reliance on

using traditional option pricing

Includes timing and risk [11, p

assumptions. [16]

theory [2].

142].
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Traditionally, the financial analysis of IT acquisition projects has been
conducted with NPV or discounted cash flow analysis [13]. During the last
few decades, also options pricing models have been applied in IT
evaluation [24]. ROI has been used to evaluate the benefits of software
reuse [20]. However, there are no reports on the use of these investment
criteria in IS evolution decision making particularly.
In the context of IS evolution, the best suited financial evaluation
methods are simple and require minimum use of resources. After
comparing the characteristics of investment criteria, it can be concluded
that discounted cash flow criteria and ROI would be appropriate
considering those requirements. IRR and profitability index, however, may
lead to incorrect results in the case of mutually exclusive investments, i.e.
when accepting one investment prevents taking another [23, pp 253-254].
Therefore, they may not be suitable method for IS evolution options
evaluation, since they in most cases are mutually exclusive. For instance,
acquisition of a new system and modernization of the existing system most
likely are investments from which only one is chosen. NPV has been
criticized of its inability to deal with project uncertainty [24]. Because of
that it may not be a preferred criterion in system modernisation evaluation.
Real options approach seems to provide with the most holistic tool to
compare (replacement) and development (modernization, replacement)
projects. It can cope with the risks and uncertainty related to
modernization and provides future oriented results. Also, it provides
managerial flexibility allowing decisions about the investment to be
changed as new information becomes available [11, p 146] [24]. However,
it is mathematically demanding, which sets certain limitations to its use
[16]. Also, it requires relatively detailed input data [16] which may cause
the estimation method itself become heavy and uneconomical to use. Due
to its past-oriented nature, accounting criterion is not useful with respect to
IS evolution options evaluation.
In order to avoid one-dimensional view of an IT investment, use of
more than one financial criteria is suggested [11, p 73] [23, p 254]. For
instance, payback and AAR can be used to reinforce the results of NPV
calculation [11, p 73]. The recommended methods for IT investment
assessment, in general, are NPV, IRR and payback period [11, p 73].
Additionally, calculation should be conducted before and after the project
[11, p 76].
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3 Challenges
The main challenge in evaluating IT investments with financial criteria is
the selection of a suitable benefit assessment method. As presented above,
classical investment criteria are not uniformly suitable for every situation.
If a method is selected carelessly, the results may recommend a refusal of
a potential investment proposal simply because the selected method
ignores a relevant factor [23]. Respectively, an unprofitable investment
may seem potential if improper analysis methods are used.
The second challenge is related to existing and available data. In order
to conduct a benefit assessment for investment options, a company has to
gather IT-related data concerning its own activities to support management
decision making [27]. This presumes the existence of a proper metrics
program and follow-up. Without systematic data collection there is no
accumulated history data on which the investment estimation could be
based on. A related risk is that selected metrics do not capture the value of
IT [27], i.e. insignificant or false metrics are being monitored.
The third challenge with economic criteria is that the benefits often
appear in non-financial form [22, p 7] and the collected data is to be
conversed in a commensurable format before benefit assessment can be
carried out [14]. Data conversion may be problematic if benefits appear as
soft issues, which are difficult to express in terms of money. In order to
avoid confusion with data conversion, the expected benefits should be
identified before data acquisition.
The fourth challenge, concerning particularly IS evolution evaluation, is
in the comparison of different types of investment options. For instance, if
all three evolution strategies are possible, there are minimum of three
evolution options to be compared. Those can be for instance:
1. replace the existing system with system X (vendor X)
2. replace the existing system with system Y (in-house development)
3. modernize the existing system (in-house modernization)
Or, alternatively, the investment options can be:
1. replace the existing system with system X (vendor X)
2. replace the existing system with system Y (vendor Y)
3. modernize the existing system (vendor Y)
The successful comparison of investment option combinations necessitates
that the selected evaluation method(s) are in compliance with the
investment options and that the organization has the ability to use them
accordingly.
As a conclusion, it can be suggested that it is unattainable to predefine
the appropriate evaluation method for IS evolution options assessment.
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Some of the investment criteria fit better than the others but in the end the
selection should be made on the basis of the investment situation at hand
combined with the available resources, skills, and data.

4 ISEBA framework
In the past research, various methods and approaches have been presented
in order to merge IT evaluation with financial investment criteria. In 1987,
Parker and Benson et al. [21] introduced information economics that seeks
to unify financial justification, value, and innovation valuation with
decision making. In 1992, Farbey et al. presented a model for matching an
IT investment with a suitable evaluation method [15]. More resent models
include a manager friendly roadmap for IT investment evaluation [28] and
an evaluation method’s matrix as a solution for customized IT investment
evaluation [18]. A point of consensus for these methodologies is that their
focus is on financial benefits of IT in general. Also, there are methods for
software modernization cost and work effort estimation, i.e. COCOMO II
[8], FPA [1] and Softcalc [26], but it seems that availability of methods for
IS evolution evaluation is currently minimal. For this reason, a new
framework for this particular purpose was outlined.
ISEBA (Information System Evolution Benefit Assessment) is a
framework to support comparison of IS evolution options. Its goal is to
provide assistance in the selection of a benefit evaluation method for
investment situation at hand. It is based on empirical research consisting of
interview study of industrial decision making and industrial co-operation
projects, and a comprehensive literature survey. It obliges instructions
about the required metrics and follow-up data for both intangible and
financial evaluation methods. ISEBA consists of eight phases: 1)
identifying the characteristics of investment situation, 2) identifying
investment type, 3) defining investment assessment emphasis, 4)
estimating organizational capabilities and comparing them to the
requirements and labour intensity of potential benefit estimation methods,
5) selecting suitable method(s) and identifying related risks, 6) gathering
required follow-up and metrics data for benefit assessment, 7) performing
benefit assessment for investment proposals, and 8) interpreting and
valuating results.
The implementation of ISEBA follows the form of a decision-tree.
Phases 1 to 4 rule out the improper methods and provide a list of
potentially suitable methods. In Phase 2, the investment type (acquisition
or development project) of investment proposals is defined. This defines
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the post-investment measurement timing. The assessment emphasis in
Phase 3 refers to financial or non-monetary benefits. It can be decided that
either financial or intangible benefits or both are assessed depending on the
investment characteristics. In phase 4, it is important to evaluate the
resources and skills the organisation is able to allocate for evaluation.
Also, the existing metrics and follow-up data are assessed. The final
selection of suitable methods is based on the comparison on of the
potentially suitable methods and organisation’s resources, skills and
available data (phase 5). ISEBA supports method selection by providing a
description of each method and the required input data per method. In
Phase 6, data acquisition (if needed) is carried out. The execution of
benefit assessment takes place in phase 7. Finally, in phase 8 the results are
examined and valuated in compliance with organization’s strategies. If
more than one investment proposal is to be evaluated, it is defined in Phase
1. A more detailed description of ISEBA is given in [17].

5 Summary
On the basis of the literature survey, it can be concluded, that the overall
benefits of IS evolution have not been studied comprehensively so far. The
comparison of the characteristics of investment criteria shows that the best
suited criteria for IS evolution evaluation are NPV and ROI. IRR, payback,
and AAR can be used as additional criteria in order to verify their results.
Accounting criteria tend to be too general and past-oriented while real
options rely strongly on assumptions and option prizing methods are
demanding to apply. As a summary of the literature survey it can be
concluded that there is no straightforward rule for defining the appropriate
evaluation method for IS evolution options assessment. The selection
should be made on the basis of the investment situation at hand combined
with the available resources, skills, and data. Also, it is suggested that none
of the investment criteria should be used alone but together with
supporting criteria.
Potential challenges related to evolution investment assessment are
selecting a proper analysis method, collecting suitable metrics data, data
conversion, and comparison of different types of evolution options.
Inspired by these challenges ISEBA framework was created. ISEBA has
been further developed and validated empirically in real life cases which
incorporate evolution benefit assessment. Report of the validated
framework and completed two software industry related projects that
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ELTIS promoted has been published [17]. Report of the further developed
framework, named ISEBA+, will be forthcoming.
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Abstract: Decisions regarding information system evolution strategy, including modernization or replacement,
are economically significant. Selection of a proper method for analyzing potential options, acquisition of suitable
metrics or follow-up data, and evaluation of the results are major challenges in the evolution strategy decision
making. In order to address these challenges, a framework for Information System Evolution Benefit Assessment
(ISEBA) was developed. ISEBA provides assistance in the selection of a benefit-evaluation method for the
investment situation at hand. It is based on empirical research on industrial decision making and co-operation
projects, and examination of existing research results from information technology investment-evaluations. Based
on the experiences from real world industrial cases, it can be alleged that ISEBA suits its purpose. It makes a
decision maker take note of relevant issues in evolution investment decision making, leads to the selection of
suitable appraisal method, and promotes discussion of the value of the results. Among the results of the industrial
cases, the following was found. Firstly, resources are an important factor influencing the selection of an
investment assessment method. Secondly, the appearance of both tangible and intangible benefits is scattered
with respect to time and organizational structure. Thirdly, a dichotomy exists between upper management
decisions and lower level organizational goals. The benefit appraisal was focused on an operative level while real
project objectives were set on a strategic level. It is concluded, that a need for a practical framework, such as
ISEBA, exists.
Keywords: IS evolution strategy, benefit assessment, industrial decision making, investment options evaluation

1. Introduction
Maintenance has a significant role in the information system (IS) life cycle. Depending on the
publication time and scope of studies, 50-90% of the total IS expenses are caused by operation and
maintenance activities (Lientz and Swanson, 1981; Erlikh, 2000). According to Lehman’s first law,
maintenance is necessary because software needs to be continuously improved or its ability to
respond to the requirements of its environment decreases in time (Lehman et al., 1998). The inability
to modify software rapidly may cause difficulties in exploiting new market opportunities (Bennett,
1995).
The amount of resources used on system evolution activities increases as information systems age.
This creates the so called “legacy dilemma” (Bennett, 1995). On one hand, a legacy system is often
business critical and has accumulated vital information during time. On the other hand, it is typically
large in size, uses out-of-date technology and is laborious to maintain. Yet, it remains in operation
because user organization cannot manage without it. There are three elementary strategies (Bennett,
1995; Seacord et al., 2003: 8-10) to deal with a legacy system: 1) continuing maintenance, 2)
replacing the existing system, or 3) modernizing it. Modernization means improving the system in
such a radical manner that it cannot be classified as traditional maintenance while a significant
proportion of the legacy system is conserved (Seacord et al., 2003: 9). Replacement implies that
existing legacy system is deserted and a substituting system is either purchased or developed
(Seacord, 2003: 10).
Modernization and replacement are significant economical investments. Consequently, decisions
regarding these should be made carefully. IT investment options can be analyzed with respect to their
value, cost, and risks (Parker et al., 1988: 5) or the benefits that they yield (Ashurst and Doherty,
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2003). In this paper, the term benefit is defined as the overall benefit of system evolution investment,
i.e. the sum of positive and negative impacts, which can be either tangible or intangible or both.
In a literature survey, two frameworks that support the selection of benefit evaluation methods were
found (see Farbey et al., 1992; Andresen 2002). In this paper, the existing models are re-developed
and fitted into the IS evolution context. As a result, a model for IS Evolution Benefit Assessment
(ISEBA), is presented. The rest of this paper is organized as follows. In chapter 2, current state of IT
investment evaluation is discussed. Chapter 3 presents the ISEBA framework. Chapter 4 reports on
the experiences when applying ISEBA in real world IS evolution cases. Finally, a summary and
conclusions are given in chapter 5.

2. Evaluation of IT Evolution Investments
Recent research results show that there is an increasing pressure to show return on IT investments
but IT executives and decision makers feel unable to compute it accurately (Verhoef, 2002; Koskinen
et al., 2005). This is not due to a lack of evaluation methods but rather due to their oversupply.
Andresen (2002) found in his literature survey 82 IT investment evaluation methods, each of which is
suitable for specific type of investment situation. These include methods for measuring both tangible
(i.e. quantitative or financial) and intangible (i.e. qualitative) benefits. The selection of a proper method
from such a variety can be seen as a major challenge. Andresen’s list of evaluation methods was
delimited and supplemented with the methods that were recognized useful in real life IS evolution
evaluation cases described in chapter 4 (see Table 1).
Table 1: IS evolution evaluation methods (Adapted from Andresen 2002).
Tangible methods
Accounting rate of return (ARR)
Capital investment appraisal
Cost estimation
Cost-benefit analysis (CBA)
Cost-effect analysis (CCA)
Cost-revenue analysis (CRA)
Critical success factors
Discounted cash flow analysis (DCF)
Discounted payback method
Information economics (IE)
Internal rate of return (IRR)
Net present value (NPV)
Payback method
Profitability index (PI)
Real options method
Return on investment (ROI)
Return on management (ROM)
Savings in employee-work-years
Total cost of ownership (TCO)

Intangible Methods
Critical success factors (CSF)
Delphi approach
Exit of problems
Expectations analysis
Experimental methods
Multi objective – multi criteria (MOMC)
Portfolio analysis
Present state analysis
Favored functionality analysis
User satisfaction survey
Value analysis

Dehning and Richardson (2002) conducted a literature review on studies covering the impacts of IT
on firms’ performance in 1997-2001. In most of these studies, IT investments have been evaluated
with the means of direct performance measures or accounting measures. Financial investment
evaluation methods, however, are not uniformly suitable or sufficient (if used alone) for every
situation. If a method is selected carelessly, the results may recommend a refusal of a potential
investment proposal simply because the selected method ignores a relevant factor (Ross et al., 1998).
Respectively, an unprofitable investment may appear attractive if improper analysis methods are
used. The fundamental ideology that influences the judgment of IT investment options is that the
benefits should be greater than the costs. This leads the decision makers quite naturally to a situation
where they try their best to measure the benefits in terms of money even if it does not seem quite
possible. In the context of IS evolution, the impact of modernization or replacement may appear in
form of intangible benefits, which cannot be detected by financial measures. In those cases, value
can be used as a substitute of benefit (Parker et al., 1988: 64). On the other hand, modifying the
intangible benefits into monetary terms may be so resource consuming that evaluation itself becomes
unprofitable.
Besides the method selection, the acquisition of suitable metrics or follow-up data and evaluation of
the results are major challenges in the evolution strategy decision making. In order to conduct a
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benefit assessment for investment options, a company needs to gather IT-related data concerning its
own activities to support management decision making (Verhoef, 2002). This presumes the existence
of a proper metrics program and follow-up. A related risk is that selected metrics do not capture the
value of IT (Verhoef, 2002). Metrics and follow-up data are to be conversed in a commensurable
format before a cost-benefit or other analysis can be carried out (Erdogmus et al., 2004). Data
conversion may be tricky if benefits appear as soft issues, which are difficult to express in terms of
money. In order to avoid confusion with data conversion, the expected benefits should be identified
before data acquisition.
A careful consideration of operational environment and organizational context is a prerequisite for a
successful IS migration (Bergey et al., 1997). Issues to be considered are: role of the evaluation,
decision environment, role of the system, characteristics of the organization, and cause and effect
relationships (Farbey et al., 1992).
As a solution to the first challenge, Farbey et al. (1992) developed a model for matching an IT project
with an evaluation method. A suitable method for a project is defined by locating the situational factors
into a matrix and comparing the result to the “techniques matrix”. A decade later, Andresen (2002)
continued Farbey’s work and presented an extended framework on how to select an IT evaluation
method in the context of construction industry. What is missing in Andresen’s model, however, is
transparency regarding the suggestion of a suitable evaluation method. Also, Andresen’s model gives
one an impression that after method selection, most of the work is done. In real life though,
application of the selected method and executing related tasks are the most labour intensive activities
in benefit assessment. A method may suit the evaluation purpose perfectly but the needed input data
is not available or its acquisition requires work hours beyond limits. Additionally, Andresen’s model
does not provide guidance or instructions about the required data as an input for the suggested
method. It does not take into consideration unsuitable methods but instead focuses only on finding
suitable ones.
An interview study of 29 decision makers representing software supplier and user organizations
showed that the problems in decision making are mostly related to a non-systematic and narrowviewed approach. The interviewees were, in general, unsatisfied with their informal decision-making
process and thought that estimates of benefits were difficult to achieve. They were hoping to be
provided with tools to systematize the process and means to widen the scope of thinking and to
acquire a new perspective. In this way, fabricated arguments for or against evolution options could be
minimized. Also, information about the previous decisions was considered important if it was
available. A prerequisite for a support method is that it is transparent in order to enhance the thinking
process. A “black box” method is of no use. The complete results of the interview study are reported
by Koskinen et al. (2005).

3. Framework for IS evolution benefit assessment
ISEBA is a framework for IS evolution benefit assessment. It is based on empirical research
consisting of an interview study of industrial co-operation projects, and examination of the challenges
of benefit estimation for IS evolution options. ISEBA provides assistance in selecting suitable, and
ruling out improper methods, for an investment situation. Also, it obliges instructions about the metrics
and follow-up data that the selected method requires as input. ISEBA consists of four phases: 1)
Determination of method applicability, 2) Selection of methods, 3) Implementation of the benefit
assessment, and 4) Decision making (see Figure 1).
Phase 1 consists of the following activities: Evaluation of investment characteristics and environment,
identification of investment type (Schwartz and Zozoya-Gorostiza, 2000) and defining investment
assessment emphasis, i.e. evaluation criteria. As a result of the activities in phase 1, the unsuitable
methods for selected criteria are excluded from the pool of potential methods. A method is classified
unsuitable if there is a risk that it produces misleading results on the investment proposal in the
defined context or is unable to measure selected criteria. If there is a method that measures the
selected criteria better than others, then this method gets a “mark of recommendation”, which
increases the odds of remaining in the pool of potentially suitable methods. A method is classified
suitable if evidence of the suitability exists or if the method has no clear reason to be unsuitable. The
classification of “suitable” or “unsuitable” is based on literature and real life experiences using ISEBA.

3

In phase 2, the selection of suitable benefit assessment method(s) takes place. The amount of
recommendations provides reference of the suitable methods per evaluation criteria. The excluded
criteria cannot appear in the group of recommended methods. Additionally, instructions on required
metrics and follow-up data for recommended methods are given. In Phase 3, data acquisition is
carried out and benefit assessment of selected evolution options is performed. Use of a systematic
measurement planning method, such as GQM (Basili, 1992), is recommended. Finally, in phase 4 the
results of benefit assessment are analyzed and valuated in compliance with organization’s strategies.
A decision is made regarding the most fit option. If more than one investment proposal is to be
evaluated, it is defined in Phase 1. It is assumed, that prior to use of ISEBA, the potential evolution
options have been identified. If there is uncertainty about the possible evolution options, use of a
scenario tool, such as SABA (Bennett et al., 1999), is recommended.

Figure 1: Structure of ISEBA.
ISEBA includes a method database consisting of the following information to support the framework: a
requirement-method-matrix, description of required inputs, resources, and skills per method, and
general guidelines for the interpretation of the results. As a result of phase 1, evaluation criteria form a
“requirements profile” against which the suitability of methods is reflected. The requirement-methodmatrix provides a listing of suggested (S) and not recommended (N) methods per evaluation criteria.
Presently, it consists of 13 tangible evaluation criteria, 8 intangible evaluation criteria, and 19 criteria
concerning the evaluation method, which can be related to 29 evaluation methods. The list of criteria
and methods is up-dated on a regular basis as the research proceeds. An example of the
requirement-method matrix is described in Table 2.
Table 2: An example of requirement-method-matrix.
Criteria

Use of
resources

Complexity
of
evaluation
method

Attributes

AAR

CBA

Evaluation should not use much
resources. Inexpensive.
Organization is prepared to
allocate resources on the
evaluation. Fairly expensive.
Carried out by professionals,
involves various stakeholders or
senior management. High cost.

S

N

Simple and easy to use

IE

ROI

S (Farbey et
al., 1993)

S (Farbey et
al., 1993)

S (Farbey
et al.,
1993)
S (Ross et al.,
1998: 245)

S (Farbey et
al., 1993)
N

May require professionals skills
S (Farbey et
al., 1993)

Evaluation method can be
complex
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Value
analysis
N (Farbey et
al., 1993)

S (Curley,
2004: 70)
S (Farbey et
al., 1993)

A description of required inputs, resources, and skills per method, and general guidelines for the
interpretation of the results are similarly parameters that are maintained as more methods and
information become available.
The structure of ISEBA is described in more detail in Table 3. Description, prerequisites, tasks, and
results are provided for each activity depicted in Figure 1.
Table 3: ISEBA, detailed description.
Description
Investment
characteristics and
environment are
defined.

Prerequisites
Evolution options
have been
identified.

Identification of
investment type

Defines the postinvestment evaluation
timing.

Evolution options
have been identified
and agreed upon.

Definition of
evaluation criteria

Evaluation criteria is
defined and valuated
with respect to the
project goals.

Evolution options
have been identified
and agreed upon.

Selection of
method(s)

The selection of
potential methods
takes place against
requirements profile
defined in phase 1.
Information about
input requirements of
potential methods is
provided by method
database.

Evaluation criteria
have been agreed
upon and selections
of phase 1 have
been accomplished.
List of potential
methods is formed
and available.

Phase 4

Phase 3

Phase 2

Phase 1

Phase Activity
Evaluation of
investment
characteristics and
environment

Gathering follow-up The required input
data for selected
and metrics data
method is collected
and processed.

Evaluation
method(s) have
been agreed upon.

Benefit assessment Benefit assessment is
carried out in
accordance with the
selected method.

The required data is
available in required
format.

Comparison and
evaluation of
evolution options

Sufficient amount of
information of the
potential evolution
options is available
and in
commensurable
format to support
decision making.

Decision about the
potential evolution
options is made.
Attention should be
paid to the reliability,
accuracy and timing of
benefit assessment
results, and political
interests of different
stakeholders.
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Tasks
Consider
x pressure for evolution
investment
x related uncertainty
x relationship between
evolution options
Identify the investment
type
x development project
x purchase project
Consider
x Which factors in an
organization are most
likely to reflect the
potential benefits?
x Are the potential
benefits tangible or
intangible?
x On what business level
will the benefits appear
(operational or strategic
level)?
x Which criteria are more
important than others?
x Risks related to the
evaluation methods are
acknowledged.
x The required inputs are
assessed.
x Complexity of methods
is evaluated and
compared to
organizational skills.
x Resource consumption
of methods is assessed
and compared to the
available resources.
x Data collection is
planned.
x Data collection and
carried out.

x Benefit assessment is
carried out.
x Results of benefit
assessment are
summarized.
x Results are analyzed
with respect to the
evaluation criteria and
project goals.
x Options are compared.

Results
A preliminary
elimination of
unsuitable methods.

A preliminary
estimate of the postimplementation
benefit assessment
timing.
Requirements
profile. A list of
suitable and not
suitable evaluation
criteria.

A list of evaluation
methods to be
applied.

A collection of
processed data in
the required format.

A summary of the
evolution options
benefit assessment.

Organization is able
to select the most
beneficial evolution
option that suits the
organizational
situation.

4. Experiences with using ISEBA
In this chapter, experiences of two real world industrial cases are discussed. The phase of ISEBA is
referred with phase number (1-4) in the beginning of corresponding columns. Three parties were
involved in the use of ISEBA: the user organization, the system vendor and the independent, external
research group. Background information is provided as much as possible within the limitations of
confidentiality.
Case 1
In case 1, the user organization was in the process of decision making concerning the evolution
strategy of their invoicing system that was developed in the late 80’s. The usability and maintenance
of the system caused problems in everyday work. The existing invoicing system was originally tailored
to comply with the organization’s complex and unique business process. The introduction of a
corresponding commercial off-the-shelf product was considered but it was discarded due to difficulty
and high cost. Replacement with off-the-shelf product would have caused serious changes to the
business operations and development of a new replacing system would have been extremely
expensive. Hence, the possible evolution options were modernization or continuing the maintenance
of the existing system.
(1) The organization was particularly interested in the potential benefits of modernization. The goal
was to evaluate the potential effects of modernization from business value perspective and to produce
information to support decision making. The emphasis of the evaluation was on intangible benefits
appearing within a short period of time (c. 2 years). User satisfaction and system’s suitability to
organization's business processes were identified as important valuation criteria. In order to make a
justified decision, project introducer needed more information on these issues. The criteria were a
result of a meeting where representatives of user organization, vendor and independent researchers
were present.
(2) Use of company resources was a central selection criterion for benefit assessment methods. The
organization had a limited amount of work hours allocated on the benefit estimation. However, the
participation of external researchers enabled the use of resource consuming methods. On the basis of
these requirements, the analysis of user satisfaction and problem situations was selected as benefit
assessment methods.
(3) Data gathering took place in two intervals. At first, user satisfaction was charted by an internetbased questionnaire with 30 respondents. After that, 25 employees took part in a four week problem
situation follow-up. Data processing and analysis, and reporting of the results formed a significant
portion of the total work hours.
(4) The results of data gathering and analysis indicated the current level of user satisfaction and
problems related to system use. The representatives of user organization were surprised by the
results of the user satisfaction questionnaire. Contrary to expectations, most of the system users were
relatively satisfied and happy to use the current system. When analyzing the results of the benefit
assessment, the results were compared to the overall organizational goals and strategies. As a result
of the evaluation of modernization option, the organization decided not to modernize the existing
system at the time being. Instead, a renewal of user interface in the future was suggested by the
researchers.
Case 2
A decision concerning the strategy of a customer register developed during the early 80’s was agreed
upon. This legacy system was a central tool in the organization’s business and had nearly 200 users.
Maintenance was difficult and the system did not meet with the organization’s present data
requirements. Also, it was restricting company’s future development options. Replacement was
considered extremely costly. Modernization seemed as a natural option because the organization had
a well established, long-term relationship with the system supplier.
The purpose of the evaluation was to verify the benefits achieved by the modernization on operative
level. In the long run, the aim was to develop the organization’s decision making process and adopt
new working practices. A secondary goal was to assure system users of the positive impacts of
modernization and by doing so minimize possible resistance of change. Top management had a
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vision that modernization of their customer register would enable new business opportunities in the
future, and even more importantly, would ensure company’s survival in the rapidly changing markets.
Measurement of these benefits, however, was considered difficult and resource consuming.
Therefore, it was agreed that the benefits were not to be measured on a strategic level.
(1-2) Evaluation criteria were discussed in several meetings with the representatives of user
organization, system supplier and independent researchers. As result, the technical quality and
business value of the system, including user satisfaction, exit of system use related problems,
preserving of system’s good qualities, were selected as evaluation criteria. Tangible, i.e. financial
benefits, were also considered interesting. It was soon realized, however, that data needed for
financial calculations was only partially available and completing it afterwards would have required a
significant amount of work. Expected benefits were only partially transformable into monetary units.
Nevertheless, it was agreed that the available financial data should be utilized. On the basis of the
requirement profile, it was concluded that present state and expectations analysis combined with a
free form cost-effect analysis were the most suitable benefit assessment methods.
(3) For data collection, two measurements were planned, one before and one after modernization. In
this way, the changes caused by the modernization could be detected. The focus of the evaluation
was on system users. Data collection methods partially were chosen and developed on the basis of
the previous industrial cases. As in case 1, user satisfaction was measured by a web-based
questionnaire. System use related problems were charted by interviewing end users and following
system use for a one week period. The favored qualities of the current system were studied by
interviewing end users. The technical and business values of the customer register were discussed
during interviews with technical and business experts representing both user and supplier
organizations. After the completion of the project, the same measurements will be repeated.
Approximately 100 employees took part in the data collection.
(3) Collected data complemented the previously made present state analysis by the user organization
and vendor. A significant innovation was that in addition to problems and faults, also the good
qualities of the current system should be charted. The identification of preferred features would
enable the vendor to preserve them in the modernized system. Without this realization, there would
have been a risk that those well functioning features could have been partially or completely replaced
with less satisfying functionality.
(4) The results of current state and expectations analysis showed that the end users were somewhat
more satisfied with the current system than was anticipated. During the problem follow-up period,
fewer problems were reported than was expected. Technical evaluation verified that there were
serious faults in the maintenance of the current system. The business value analysis showed that the
customer register did not comply with the organizations current needs as it did a decade ago. These
results were evaluated with respect to the measurement reliability and the organizational position of
the persons who participated in data collection. The results of the current state and expectation
analysis supported the decision to modernize.

5. Summary and conclusions
On the basis of the literature survey, it can be concluded, that the overall benefits of software
evolution have not been studied comprehensively so far. Potential challenges related to evolution
investment assessment are selecting an evaluation method, collecting required data, and valuation of
the results. Inspired by these challenges ISEBA framework was created.
The experiences of case studies showed that ISEBA has the following advantages compared to an ad
hoc decision process. Firstly, it makes a decision maker take note of relevant issues in evolution
investment decision making. The structure of ISEBA incorporates different viewpoints towards
evolution options. By following the framework the relevant issues are easily remembered. Secondly,
the application of ISEBA leads to the selection of suitable appraisal method, and promotes discussion
of the value of the results. In an early phase of system evolution decision making, the data
requirements of potential methods are discussed. When doing so, it can be seen which input data is
available or collectable. Through conversation this becomes clear to all stakeholders. Also, when
selecting the data collection methods, the organization’s maturity on their use should be considered.
Familiar methods are more easily accepted than new ones. The time aspect is relevant to
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development projects where the first benefits may emerge only several months after the completion of
the project. Therefore, timing of the benefit evaluation should be carefully planned.
Among the results of the industrial cases, it was found that resources are an important factor
influencing the selection of an investment assessment method. Therefore, the labour intensity of
potential methods should be known as early as possible. Also, the user organization should decide
how much resources they can allocate on evolution options evaluation before they start the evaluation
process. Additionally, it was found that, the benefits of modernization tend to appear in both tangible
and intangible format and are scattered with respect to time and organizational structure. Because of
this reason the viewpoints of different organizational levels (i.e. users, maintainers, managers) should
be taken into consideration. For instance, the top management often sees the benefits from strategic
perspective while middle-level management or end users may consider operational benefits more
relevant. An interesting finding in case 1 was that, a dichotomy exits between upper management
decisions and lower level organizational goals. The benefit appraisal was focused on an operative
level while real project objectives were set on a strategic level. These different views should be
compared to the goals of the intended evolution activities in order to find out the core benefits.
Based on the experiences from real life cases, it can be alleged that ISEBA suits its purpose.
However, the results presented in this paper are derived from only two cases and therefore cannot be
generalized as such. In the future, ISEBA as a framework requires more empirical validation. The
method information database should be also be complemented.
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/<<7,.b,1(19,53,&RQWH[WXDODQGVWUXFWXUDO
PHWDGDWDLQHQWHUSULVHGRFXPHQW
PDQDJHPHQW .RQWHNVWLMDUDNHQQHPHWDWLHWR
RUJDQLVDDWLRQGRNXPHQWWLHQKDOOLQQDVVD
S S <KWHHQYHWRS
.$$5,2.,0025HVRXUFHDOORFDWLRQDQGORDG
EDODQFLQJPHFKDQLVPVIRUSURYLGLQJTXDOLW\
RIVHUYLFHLQWKH,QWHUQHWS<KWHHQYHWR
S
=+$1*=+(<,1*0RGHOFRPSRQHQWUHXVH
&RQFHSWXDOIRXQGDWLRQVDQGDSSOLFDWLRQLQ
WKHPHWDPRGHOLQJEDVHGV\VWHPVDQDO\VLV
DQGGHVLJQHQYLURQPHQWS S <K
WHHQYHWRS
+$$5$/$0$5-2/DUJHVFDOHQRQVPRRWK
RSWLPL]DWLRQYDULDEOHPHWULFEXQGOHPHWKRG
ZLWKOLPLWHGPHPRU\S<KWHHQYHWRS

.$/9,1(9,.7256FDWWHULQJDQGSRLQWVSHFWUD
IRUHOOLSWLFV\VWHPVLQGRPDLQVZLWK
F\OLQGULFDOHQGVS
'(0(17,(9$0$5,$5HJXODUL]DWLRQLQ
PXOWLVWDJHFRRSHUDWLYHJDPHVS
0$$5$1(1+(,..,2QKHXULVWLFK\EULG
PHWKRGVDQGVWUXFWXUHGSRLQWVHWVLQJOREDO
FRQWLQXRXVRSWLPL]DWLRQS S
<KWHHQYHWRS
)52/290$;,05HOLDEOHFRQWURORYHU
DSSUR[LPDWLRQHUURUVE\IXQFWLRQDOW\SHD
SRVWHULRULHVWLPDWHVS S 
=+$1*-,$14RVDQGUHYHQXHDZDUHUHVRXUFH
DOORFDWLRQPHFKDQLVPVLQPXOWLFODVV,3
QHWZRUNVS S 
.8-$/$-$11(2QFRPSXWDWLRQLQVWDWLVWLFDO
PRGHOVZLWKDSV\FKRSK\VLFDODSSOLFDWLRQ
S S 
62/%$.299,$7&+(6/$9$SSOLFDWLRQRI
PDWKHPDWLFDOPRGHOLQJIRUZDWHU
HQYLURQPHQWSUREOHPVS S 
+,5921(1$5,3(QWHUSULVHDUFKLWHFWXUH
SODQQLQJLQSUDFWLFH7KH3HUVSHFWLYHVRI
LQIRUPDWLRQDQGFRPPXQLFDWLRQWHFKQRORJ\
VHUYLFHSURYLGHUDQGHQGXVHUS S
<KWHHQYHWRS
9$57,$,1(17(520RUDOFRQIOLFWVLQDSURMHFW
FRXUVHLQLQIRUPDWLRQV\VWHPVHGXFDWLRQ
S<KWHHQYHWRS
+827$5,-281,,QWHJUDWLQJJUDSKLFDO
LQIRUPDWLRQV\VWHPPRGHOVZLWKYLVXDOL]DWLRQ
WHFKQLTXHV*UDDILVWHQWLHWRMlUMHVWHOPlNX
YDXVWHQLQWHJURLQWLYLVXDOLVRLQWLWHNQLLNRLOOD
S S <KWHHQYHWRS
:$//(1,86((525&RQWURODQGPDQDJHPHQW
RIPXOWLDFFHVVZLUHOHVVQHWZRUNVS
S <KWHHQYHWRS
/(33b1(10$85,$QRQWRORJLFDOIUDPHZRUN
DQGDPHWKRGLFDOVNHOHWRQIRUPHWKRG
HQJLQHHULQJ²$FRQWH[WXDODSSURDFKS
<KWHHQYHWRS
0$7<8.(9,&+6(5*(<7KHQRQVWDWLRQDU\
0D[ZHOOV\VWHPLQGRPDLQVZLWKHGJHVDQG
FRQLFDOSRLQWVS<KWHHQYHWRS

























6$<(1.2$/(;$1'(5$GDSWLYHVFKHGXOLQJIRU
WKH4R6VXSSRUWHGQHWZRUNVS S

.85-(11,(0,-$11($VWXG\RI7'&'0$DQG
:&'0$UDGLRQHWZRUNHQKDQFHPHQWVS
S <KWHHQYHWRS
3(&+(1,=.,<0<.2/$)HDWXUHH[WUDFWLRQIRU
VXSHUYLVHGOHDUQLQJLQNQRZOHGJHGLVFRYHU\
V\VWHPVS S <KWHHQYHWRS
,.21(16$08/,(IILFLHQWQXPHULFDOPHWKRGV
IRUSULFLQJ$PHULFDQRSWLRQVS S
<KWHHQYHWRS
.b5..b,1(1.$5,6KDSHVHQVLWLYLW\DQDO\VLV
IRUQXPHULFDOVROXWLRQRIIUHHERXQGDU\
SUREOHPVS S <KWHHQYHWRS
+(/)(167(,16$&+$7UDQVIHU5HYLHZ
UHFRQVWUXFWLRQDQGUHVROXWLRQS S
<KWHHQYHWRS
1(9$/$.$/(9,&RQWHQWEDVHGGHVLJQ
HQJLQHHULQJWKLQNLQJ,QWKHVHDUFKIRU
DSSURDFKS S <KWHHQYHWRS
.$7$62129$57(0'HSHQGDELOLW\DVSHFWVLQ
WKHGHYHORSPHQWDQGSURYLVLRQRIORFDWLRQ
EDVHGVHUYLFHVS<KWHHQYHWRS
6$5..,1(1-$502'HVLJQDVGLVFRXUVH
5HSUHVHQWDWLRQUHSUHVHQWDWLRQDOSUDFWLFHDQG
VRFLDOSUDFWLFHS S <KWHHQYHWRS

b<5b0g6$0,.QRZOHGJHPLQLQJXVLQJ
UREXVWFOXVWHULQJS<KWHHQYHWRS
,),1('235,1&(/<(0,/,(QWHUSULVHUHVRXUFH
SODQQLQJV\VWHPVVXFFHVVDVVHVVPHQW$Q
LQWHJUDWLYHIUDPHZRUNS S <KWHHQ
YHWRS
9,,1,.$,1(1$5,4XDOLW\RIVHUYLFHDQG
SULFLQJLQIXWXUHPXOWLSOHVHUYLFHFODVV
QHWZRUNVS S <KWHHQYHWRS
:858,0HWKRGVIRUVSDFHWLPHSDUDPHWHU
HVWLPDWLRQLQ'6&'0$DUUD\VS S

3$5..2/$+$11$'HVLJQLQJ,&7IRUPRWKHUV
8VHUSV\FKRORJLFDODSSURDFK²7LHWRMD
YLHVWLQWlWHNQLLNRLGHQVXXQQLWWHOXlLGHLOOH
.l\WWlMlSV\NRORJLQHQQlN|NXOPDS
S <KWHHQYHWRS
+$.$1(1-866,2QSRWHQWLDORILQWHUDFWLYH
PXOWLREMHFWLYHRSWLPL]DWLRQLQFKHPLFDO
SURFHVVGHVLJQS S <KWHHQYHWRS

387721(1-$1,0RELOLW\PDQDJHPHQWLQ
ZLUHOHVVQHWZRUNVS S
<KWHHQYHWRS
/8267$5,1(1.$5,5HVRXUFHPDQDJHPHQW
PHWKRGVIRU4R6VXSSRUWHGQHWZRUNVS
S 
785&+<13$9/2$GDSWLYHPHVKHVLQFRPSXWHU
JUDSKLFVDQGPRGHOEDVHGVLPXODWLRQS
S <KWHHQYHWRS
=+2972%5<8.+'0<752&RQWH[WDZDUHZHE
VHUYLFHFRPSRVLWLRQS<KWHHQYHWRS
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.2+9$..21$7$/,<$&RQWH[WPRGHOLQJDQG
XWLOL]DWLRQLQKHWHURJHQHRXVQHWZRUNV
S<KWHHQYHWRS
0$=+(/,62/(.6,<0DVTXHUDGHUGHWHFWLRQLQ
PRELOHFRQWH[WEDVHGRQEHKDYLRXUDQG
HQYLURQPHQWPRQLWRULQJS S <K
WHHQYHWRS
6,/7$1(1-$5024XDOLW\RIVHUYLFHDQG
G\QDPLFVFKHGXOLQJIRUWUDIILFHQJLQHHULQJLQ
QH[WJHQHUDWLRQQHWZRUNVS S 
.889$6$5,&RQWHQWEDVHGDSSURDFKWR
H[SHULHQFLQJYLVXDODUW6LVlOW|SHUXVWDLQHQ
OlKHVW\PLVWDSDYLVXDDOLVHQWDLWHHQNRNHPL
VHHQS<KWHHQYHWRS
582+21(1721,,PSURYLQJWKHRSHUDWLRQRIDQ
HPHUJHQF\GHSDUWPHQWE\XVLQJDVLPXODWLRQ
PRGHOS
1$80(1.2$17216HPDQWLFVEDVHGDFFHVV
FRQWUROLQEXVLQHVVQHWZRUNVS S
<KWHHQYHWRS
:$+/67('7$5,6WDNHKROGHUV·FRQFHSWLRQVRI
OHDUQLQJLQOHDUQLQJPDQDJHPHQWV\VWHPV
GHYHORSPHQW2VDOOLVWXMLHQNlVLW\NVHW
RSSLPLVHVWDRSSLPLV\PSlULVW|MHQNHKLWWlPL
VHVVlS S <KWHHQYHWRS
$/$1(12//,4XDOLW\RIVHUYLFHIRUWULSOHSOD\
VHUYLFHVLQKHWHURJHQHRXVQHWZRUNVS
S <KWHHQYHWRS
1(5,)(55$17()LWQHVVGLYHUVLW\DGDSWDWLRQLQ
PHPHWLFDOJRULWKPVS S <KWHHQYHWR
S
.85+,1(1-$1,,QIRUPDWLRQGHOLYHU\LQPRELOH
SHHUWRSHHUQHWZRUNVS S <KWHHQYH
WRS
.,/3(/b,1(17852*HQUHDQGRQWRORJ\EDVHG
EXVLQHVVLQIRUPDWLRQDUFKLWHFWXUHIUDPHZRUN
*2%,$) S S <KWHHQYHWRS
<(96(<(9$,5<1$6ROYLQJFODVVLILFDWLRQ
SUREOHPVZLWKPXOWLFULWHULDGHFLVLRQDLGLQJ
DSSURDFKHVS<KWHHQYHWRS
.$11,672,6722SWLPL]HGSULFLQJ4R6DQG
VHJPHQWDWLRQRIPDQDJHG,&7VHUYLFHVS
S <KWHHQYHWRS
*256+.29$(/(1$$SRVWHULRULHUURUHVWLPDWHV
DQGDGDSWLYHPHWKRGVIRULQFRPSUHVVLEOH
YLVFRXVIORZSUREOHPVS S <KWHHQ
YHWRS
/(*5$1'67(9(8VHRIEDFNJURXQGUHDOZRUOG
NQRZOHGJHLQRQWRORJLHVIRUZRUGVHQVH
GLVDPELJXDWLRQLQWKHVHPDQWLFZHES
S <KWHHQYHWRS
+b0b/b,1(11,,1$(YDOXDWLRQDQG
PHDVXUHPHQWLQHQWHUSULVHDQGVRIWZDUH
DUFKLWHFWXUHPDQDJHPHQW$UYLRLQWLMD
PLWWDDPLQHQNRNRQDLVMDRKMHOPLVWRDUNNL
WHKWXXULHQKDOOLQQDVVDS S <KWHHQ
YHWRS
2-$/$$572,QWHUQDWLRQDOL]DWLRQRIVRIWZDUH
ILUPV)LQQLVKVPDOODQGPHGLXPVL]HG
VRIWZDUHILUPVLQ-DSDQS S <KWHHQ
YHWRS



























/$,7,/$(5..,6\PEROLF$QDO\VLVDQG
$WRPLVWLF0RGHODVD%DVLVIRUD3URJUDP
&RPSUHKHQVLRQ0HWKRGRORJ\S
<KWHHQYHWRS
1,+7,/b7,023HUIRUPDQFHRI$GYDQFHG
7UDQVPLVVLRQDQG5HFHSWLRQ$OJRULWKPVIRU
+LJK6SHHG'RZQOLQN3DFNHW$FFHVVS
S <KWHHQYHWRS
6(7b0$$.b5..b,1(1$11(1HWZRUN
FRQQHFWLRQVHOHFWLRQVROYLQJDQHZ
PXOWLREMHFWLYHRSWLPL]DWLRQSUREOHPS
S <KWHHQYHWRS
38/..,1(10,5-$(QWHUSULVHDUFKLWHFWXUHDV
DFROODERUDWLRQWRRO'LVFXUVLYHSURFHVVIRU
HQWHUSULVHDUFKLWHFWXUHPDQDJHPHQW
SODQQLQJDQGGHYHORSPHQWS S
<KWHHQYHWRS
3$9/29$<8/,$0XOWLVWDJHFRDOLWLRQ
IRUPDWLRQJDPHRIDVHOIHQIRUFLQJ
LQWHUQDWLRQDOHQYLURQPHQWDODJUHHPHQW
S<KWHHQYHWRS
1286,$,1(1788/$&KLOGUHQ·VLQYROYHPHQWLQ
WKHGHVLJQRIJDPHEDVHGOHDUQLQJ
HQYLURQPHQWVS<KWHHQYHWRS
.8=1(76291,.2/$<96WDELOLW\DQG
RVFLOODWLRQVRIG\QDPLFDOV\VWHPV7KHRU\
DQGDSSOLFDWLRQVS<KWHHQYHWRS
.+5,<(1.22/(.6,<$GDSWLYHVHPDQWLF:HE
EDVHGHQYLURQPHQWIRUZHEUHVRXUFHVS
<KWHHQYHWRS
7,5521(19,//(*OREDORSWLPL]DWLRQXVLQJ
PHPHWLFGLIIHUHQWLDOHYROXWLRQZLWK
DSSOLFDWLRQVWRORZOHYHOPDFKLQHYLVLRQ
S S <KWHHQYHWRS
9$/.21(178202'LIIFRQYH[FRPELQDWLRQV
RI(XFOLGHDQGLVWDQFHV$VHDUFKIRURSWLPD
S<KWHHQYHWRS
6$5$)$1292/(*$V\PSWRWLFWKHRU\RI
UHVRQDQWWXQQHOLQJLQTXDQWXPZDYHJXLGHV
RIYDULDEOHFURVVVHFWLRQS<KWHHQYHWRS

32=+$56.,<$/(;(<2QWKHHOHFWURQDQG
SKRQRQWUDQVSRUWLQORFDOO\SHULRGLFDO
ZDYHJXLGHVS<KWHHQYHWRS
$,772.26.,7,022QFKDOOHQJHVRIVLPXODWLRQ
EDVHGJOREDODQGPXOWLREMHFWLYHRSWLPL]DWLRQ
S S <KWHHQYHWRS
<$/$+2$1,&(70DQDJLQJRIIVKRUH
RXWVRXUFLQJRIVRIWZDUHGHYHORSPHQWXVLQJ
WKH,&7VXSSRUWHGXQLILHGSURFHVVPRGHO$
FURVVFDVHDQDO\VLVS S
<KWHHQYHWRS
.2//$1866$0,7DUNDVWXVNl\WlQWHLGHQ
NHKLWWlPLQHQRKMHOPLVWRMDWXRWWDYLVVDRUJDQL
VDDWLRLVVD,PSURYHPHQWRILQVSHFWLRQ
SUDFWLFHVLQVRIWZDUHRUJDQL]DWLRQVS
6XPPDU\S
/(,.$6-$$1$/LIH%DVHG'HVLJQ¶)RUPRIOLIH·
DVDIRXQGDWLRQIRU,&7GHVLJQIRUROGHU
DGXOWV(OlPlOlKW|LQHQVXXQQLWWHOX(Ol
PlQPXRWRLNllQW\YLOOHWDUNRLWHWWXMHQ,&7
WXRWWHLGHQMDSDOYHOXMHQVXXQQLWWHOXQOlKW|
NRKWDQDS S <KWHHQYHWRS
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 9$6,/<(9$(.$7(5,1$7DLORULQJRIIHHGEDFNLQ
ZHEEDVHGOHDUQLQJV\VWHPV&HUWLWXGHEDVHG
DVVHVVPHQWZLWKRQOLQHPXOWLSOHFKRLFH
TXHVWLRQVS S <KWHHQYHWRS

 .8'5<$6+29$(/(1$9&\FOHVLQFRQWLQXRXV
DQGGLVFUHWHG\QDPLFDOV\VWHPV
&RPSXWDWLRQVFRPSXWHUDVVLVWHGSURRIVDQG
FRPSXWHUH[SHULPHQWVS S <KWHHQ
YHWRS
 %/$&./('*(-21$7+$1(OHFWURPDJQHWLF
VFDWWHULQJDQGLQYHUVHVFDWWHULQJVROXWLRQVIRU
WKHDQDO\VLVDQGSURFHVVLQJRIGLJLWDOVLJQDOV
DQGLPDJHVS<KWHHQYHWRS
 ,9$11,.29$1'5,<([WUDFWLRQRIHYHQWUHODWHG
SRWHQWLDOVIURPHOHFWURHQFHSKDORJUDSK\GDWD
+HUlWHSRWHQWLDDOLHQODVNHQQDOOLQHQHULVWlPL
QHQ((*KDYDLQWRDLQHLVWRVWDS S
<KWHHQYHWRS
 .$/<$.,1,*25([WUDFWLRQRIPLVPDWFK
QHJDWLYLW\IURPHOHFWURHQFHSKDORJUDSK\GDWD
3RLNNHDYXXVQHJDWLLYLVXXGHQHURWWDPLQHQ
((*VLJQDDOLVWDS S <KWHHQYHWRS

 +(,..,/b0$5,..$&RRUGLQDWLRQRIFRPSOH[
RSHUDWLRQVRYHURUJDQLVDWLRQDOERXQGDULHV
S<KWHHQYHWRS
 )(.(7(*É%251HWZRUNLQWHUIDFH
PDQDJHPHQWLQPRELOHDQGPXOWLKRPHG
QRGHVS S <KWHHQYHWRS
 .8-$/$78202&DSDFLW\ZRUNORDGDQG
PHQWDOFRQWHQWV([SORULQJWKHIRXQGDWLRQV
RIGULYHUGLVWUDFWLRQS S <KWHHQYH
WRS
 /8*$12*,86(33('LJLWDOFRPPXQLW\GHVLJQ
([SORULQJWKHUROHRIPRELOHVRFLDOVRIWZDUHLQ
WKHSURFHVVRIGLJLWDOFRQYHUJHQFHS
S <KWHHQYHWRS
 .$03</,63$1$*,27,6)RVWHULQJFUHDWLYH
WKLQNLQJ7KHUROHRISULPDU\WHDFKHUV
/XRYDDDMDWWHOXDNHKLWWlPlVVl$ODNRXOXQ
RSHWWDMLHQURROLS S <KWHHQYHWRS

 72,9$1(1-8..$6KDSHRSWLPL]DWLRQXWLOL]LQJ
FRQVLVWHQWVHQVLWLYLWLHV0XRGRQRSWLPRLQWL
Nl\WWlHQNRQVLVWHQWWHMDKHUNN\\NVLlS
S <KWHHQYHWRS
 0$77,/$.(,-2,PSOHPHQWDWLRQWHFKQLTXHVIRU
WKHODWWLFH%ROW]PDQQPHWKRG
9LUWDXVG\QDPLLNDQWLHWRNRQHVLPXODDWLRLWD
+LOD%ROW]PDQQPHQHWHOPlOOl
LPSOHPHQWRLQWLMDUHXQDHKGRWS S
<KWHHQYHWRS
 &21*)(1*<8(YDOXDWLRQDQGH[WUDFWLRQRI
PLVPDWFKQHJDWLYLW\WKURXJKH[SORLWLQJ
WHPSRUDOVSHFWUDOWLPHIUHTXHQF\DQG
VSDWLDOIHDWXUHV3RLNNHDYXXVQHJDWLLYLVXX
GHQ 001 HURWWDPLQHQDLYRVlKN|QDXKRL
WXNVLVWDNl\WWlHQDMDOOLVLDVSHNWUDDOLVLDDLND
WDDMXXVMDWLODSLLUWHLWlS S <KWHHQ
YHWRS

 /,86+(1*+8$,QWHUDFWLQJZLWKLQWHOOLJHQW
DJHQWV.H\LVVXHVLQDJHQWEDVHGGHFLVLRQ
VXSSRUWV\VWHPGHVLJQS S <KWHHQ
YHWRS
 $,5$.6,1(17820$61XPHULFDOPHWKRGVIRU
DFRXVWLFVDQGQRLVHFRQWURO/DVNHQQDOOLVLD
PHQHWHOPLlDNXVWLVLLQRQJHOPLLQMD
PHOXQYDLPHQQXNVHHQS S <KWHHQ
YHWRS
 :(%(50$77+,(83DUDOOHOJOREDORSWLPL]DWLRQ
6WUXFWXULQJSRSXODWLRQVLQGLIIHUHQWLDO
HYROXWLRQ5LQQDNNDLQHQJOREDDOLRSWLPRLQWL
3RSXODDWLRQUDNHQWHHQPllULWWlPLQHQ
GLIIHUHQWLDDOLHYROXXWLRVVDS S
<KWHHQYHWRS
 9bb5b0b.,7$3,21H[WJHQHUDWLRQQHWZRUNV
PRELOLW\PDQDJHPHQWDQGDSSOLDQFHVLQ
LQWHOOLJHQWWUDQVSRUWV\VWHPV6HXUDDYDQ
VXNXSROYHQWLHWRYHUNRWOLLNNXYXXGHQKDOOLQWD
MDVRYHOOXWXNVHWlO\NNllVVlOLLNHQWHHVVlS
S <KWHHQYHWRS
 9,8.$5,/((1$7LHWRMDYLHVWLQWlWHNQLLNND
YlOLWWHLVHQSDOYHOXQNHKLWWlPLVHQNROPH
GLVNXUVVLD7KUHHGLVFRXUVHVIRUDQ,&7
VHUYLFHGHYHORSPHQWS6XPPDU\S

 38857,1(17820$61XPHULFDOVLPXODWLRQRI
ORZWHPSHUDWXUHWKHUPDOFRQGXFWDQFHRI
FRUUXJDWHGQDQRILEHUV3RLPXWHWWXMHQ
QDQRNXLWXMHQOlPP|QMRKWDYXXGHQQXPHHUL
QHQVLPXORLQWLPDWDOLVVDOlPS|WLORLVVD
S<KWHHQYHWRS
 +,/781(1/((1$(QKDQFLQJZHEFRXUVH
GHVLJQXVLQJDFWLRQUHVHDUFK9HUNNR
RSHWXNVHQVXXQQLWWHOXQNHKLWWlPLQHQ
WRLPLQWDWXWNLPXNVHQNHLQRLQ
S<KWHHQYHWRS
 $+2.$5,(QKDQFLQJV\VWHPOHYHO
SHUIRUPDQFHRIWKLUGJHQHUDWLRQFHOOXODU
QHWZRUNVWKURXJK9R,3DQG0%06VHUYLFHV
S S <KWHHQYHWRS
 +b..,1(10$5..8:K\DODUPVIDLO$
FRJQLWLYHH[SODQDWRU\PRGHO
S S <KWHHQYHWRS
 3(11$1(1$166,$JUDSKEDVHGPXOWLJULG
ZLWKDSSOLFDWLRQV*UDDILSRKMDLQHQ
PRQLKLODPHQHWHOPlVRYHOOXNVLQHHQ
S S <KWHHQYHWRS
 $+/*5(15,,..$6RIWZDUHSDWWHUQV
RUJDQL]DWLRQDOOHDUQLQJDQGVRIWZDUHSURFHVV
LPSURYHPHQWS S <KWHHQYHWRS

 1,.,7,16(5*,<'\QDPLFDVSHFWVRILQGXVWULDO
PLGGOHZDUHDUFKLWHFWXUHVS S 
<KWHHQYHWRS
 6,1'+<$.$57+,.+\EULG(YROXWLRQDU\0XOWL
2EMHFWLYH2SWLPL]DWLRQZLWK(QKDQFHG
&RQYHUJHQFHDQG'LYHUVLW\S S 
<KWHHQYHWRS
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 0$/,2//,$QDO\VLVRIHUURUVFDXVHGE\
LQFRPSOHWHNQRZOHGJHRIPDWHULDOGDWDLQ
PDWKHPDWLFDOPRGHOVRIHODVWLFPHGLDS
<KWHHQYHWRS
 0g1.g/b6$11$1XPHULFDO6LPXODWLRQRI
)OXLG6WUXFWXUH,QWHUDFWLRQ%HWZHHQ$FRXVWLF
DQG(ODVWLF:DYHVS<KWHHQYHWRS

 385$1(1788..$0HWDKHXULVWLFV0HHW
0HWDPRGHOV$0RGHOLQJ/DQJXDJHDQGD
3URGXFW/LQH$UFKLWHFWXUHIRU5RXWH
2SWLPL]DWLRQ6\VWHPVS<KWHHQYHWRS

 0b.(/b-8..$0RELOLW\0DQDJHPHQWLQ
+HWHURJHQHRXV,3QHWZRUNVS S
<KWHHQYHWRS
 6$92/$,1(13$8/$:K\GRVRIWZDUH
GHYHORSPHQWSURMHFWVIDLO"(PSKDVLVLQJWKH
VXSSOLHU·VSHUVSHFWLYHDQGWKHSURMHFWVWDUW
XSS S <KWHHQYHWRS
 .8=1(7629$2/*$/\DSXQRYTXDQWLWLHVDQG
OLPLWF\FOHVLQWZRGLPHQVLRQDOG\QDPLFDO
V\VWHPVDQDO\WLFDOPHWKRGVV\PEROLF
FRPSXWDWLRQDQGYLVXDOL]DWLRQS S
<KWHHQYHWRS
 .2=/29'(1,67KHTXDOLW\RIRSHQVRXUFH
VRIWZDUHDQGLWVUHODWLRQWRWKHPDLQWHQDQFH
SURFHVVS S <KWHHQYHWRS
 ,$&&$*,29$11,0HPRU\VDYLQJRSWLPL]DWLRQ
DOJRULWKPVIRUV\VWHPVZLWKOLPLWHG
KDUGZDUHS S <KWHHQYHWRS

 ,620g77g1(19,//(7KHRUL]LQJDRQHVHPHVWHU
UHDOFXVWRPHUVWXGHQWVRIWZDUHSURMHFWFRXUVH
S<KWHHQYHWRS
 +$57,.$,1(10$5.86$SSUR[LPDWLRQWKURXJK
LQWHUSRODWLRQLQQRQFRQYH[PXOWLREMHFWLYH
RSWLPL]DWLRQS S <KWHHQYHWRS

 0,1,112(51(672$GYDQFHGRSWLPL]DWLRQ
DOJRULWKPVIRUDSSOLFDWLRQVLQFRQWURO
HQJLQHHULQJS S <KWHHQYHWRS

 7<.+20<5299,7$/,<0LWLJDWLQJWKHDPRXQWRI
RYHUKHDGDULVLQJIURPWKHFRQWUROVLJQDOLQJRI
WKH,(((2)'0D6\VWHPS S
<KWHHQYHWRS
 0$.6,0$,1(1-2+$11$$VSHFWVRIYDOXHVLQ
KXPDQWHFKQRORJ\LQWHUDFWLRQGHVLJQ³D
FRQWHQWEDVHGYLHZWRYDOXHV,KPLVHQMD
WHNQRORJLDQYXRURYDLNXWXVVXXQQLWWHOXQ
DUYRXORWWXYXXGHW³VLVlOW|SHUXVWDLQHQ
OlKHVW\PLVWDSDDUYRLKLQS S
<KWHHQYHWRS
 -887,1(16$11$(PRWLRQDOREVWDFOHVRIH
OHDUQLQJS S <KWHHQYHWRS
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