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Abstract

This research formally models e-government success factor relationships with
particular reference to developing countries. Much existing research assumes the
success factors are mutually independent or in one-way linear dependency. This
understanding could hinder the achievement of a successful e-government
system — that is, a sustainable system. It is critical for developing countries to

ensure that implemented e-government systems can be sustained.

This research employs a system thinking approach which is implemented
using system decomposition and System Dynamics methods. Acknowledging the
broad and complex nature of the success factors and adopting a point of view
that the success factor is a system, the system decomposition method organises
the success factors system into a manageable number of subsystems, each of
which is further decomposed into sub-subsystems. This decomposition method
enables the researcher to focus on a (set of) sub-subsystem(s) while at the same
time adopt a holistic view. The System Dynamics method is applied to model the
detail and dynamic relationships of the success factors within and between
selected sub-subsystems. From within two important sub-subsystems, software
maintenance and information systems staff management, the success factors
relationships and its dynamic nature are modelled using this method. The
relationships between the success factors are derived from the existing literature.
A case study data collected from a successful e-government system in Indonesia
and some necessary System Dynamic processes are used to validate the model

— that is, to build soundness and confident usage of the model.

The developed model captures the complexity of the relationships between
elements and processes of the software maintenance, the expectancy theory
variables, and the competence and availability of the information systems staff. It
provides an explicit perspective on the dynamic feedback relationships between
these factors and e-government success. For this model, e-government success

is operationalised as a high level of e-government software availability over time,

Through the model, this research results in an improvement of insight into the
explicit mechanism of success factors, within software maintenance and

information systems staff management, influencing e-government success and
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assists decision-makers to implement decisive policies for achieving sustainable
system services delivery. Simulation of the model, for example, shows that the
ability of the e-government system of the Indonesian Ministry of Agriculture to
achieve success is because of its ability to provide a sufficient level of rewards.
These rewards dynamically influence staff effort and availability levels which in
turn affect recurrent faults of software maintenance. These faults then influence

the level of software availability over time which in turn affects rewards.

Opportunities for future research include linking the model with systems
development, funding, change management and users’ feedback, and

incorporating hardware and computer networks.
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Chapter 1 Introduction

1.1 Research purpose and research outcomes

This thesis reports on important research in the area of e-government
success factor (eGSF) relationships with particular reference to developing
countries. It identifies and formally models the relationships of the success
factors. It tests the predictive value of the model with particular reference to the
software maintenance (SM) and information systems (IS) staff management
domains of e-government. The context is the operation and maintenance stage of
an e-government system life cycle. Overall the model is validated and its

usefulness tested through simulation of a number of scenarios.

The basic underpinning of this research is that it is not only the success
factors that determine the success or otherwise of e-government, but also the
relationships between those factors that play important roles in e-government
success. E-government is a complex phenomenon formed by the
interdependency of many factors; however, existing endeavours on e-
government success factors have been dominated mainly by views that the
factors are mutually independent in influencing e-government success, or that the
factors are in one-way dependency relationships between independent and
dependent factors. Ignoring the complex relationships between the success
factors might hinder the achievement of e-government success, as dynamic
feedback relationships between the success factors are shown by this study to

govern e-government success.

The importance of this research can be viewed from the perspectives of the
e-government system life-cycle and the limited resources owned by developing
countries. While most of the current knowledge on e-government success is
associated with and dominated by e-government system development, in fact an
e-government system is expected to spend most of its lifetime within the
operation and maintenance stage to deliver services. During this stage the
emergence of unresolved errors and unsatisfied new requirements can
jeopardise the sustainability of an e-government system’s capability. From this

point of view, achieving e-government success means realising sustainable
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service deliveries which ultimately assure sustainable benefits to both citizens
and government. It is critical for developing countries to ensure that the benefits
can be realised for as long as possible, otherwise their scarce resources for
establishing and managing e-government systems will be wasted. Reports from
previous research have indicated that many e-government systems implemented

in developing countries cannot be sustained.

Consequently, in order to achieve this sustainable e-government services
delivery the level of e-government software availability should be consistently
high over time, which in turn necessitates continual and effective SM
management. For this purpose, e-government success factors and their dynamic
relationships in the e-government SM domain are investigated and formally
modelled. Effective SM certainly requires high performance IS staff and, within
this context, this research also models the relationships of success factors
related to the motivation of the internal IS staff who maintain the e-government
software. The expectancy theory is used as the theoretical foundation to model

the dynamic feedback relationships of these motivational factors.

A system thinking approach implemented using IS decomposition and
System Dynamics (SD) methods is adopted and employed by this research to
formally model those e-government success factors and their relationships. The
system decomposition is employed to organise the large system of e-government
success factors into manageable subsystems and to provide an overview of the
broadness of the success factors, and the SD method is applied to represent
formally dynamic feedback relationships between the success factors. The SD
method is capable of showing the level of relationships between success factors

over time.

The developed dynamic relationships model is validated into an actual
successful e-government system in Indonesia, a developing country which has
been able to deliver sustainable services. Therefore, this research contributes
significantly to both theoretical improvement and understanding. It extends the
body of knowledge of e-government success by formally modelling the
relationships of e-government success factors; improving insight into the

significant role of the success factors and their relationships on e-government
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system SM and IS staff domains; and broadening the application of the
expectancy theory into e-government SM through SD modelling.

This research also contributes significantly to the practice of e-government.
The model enables e-government decision-makers or managers from developing
countries to learn how to achieve e-government success. The resulting model
facilitates their evaluation of policies leading to e-government success.
Specifically, it could assist them to manage e-government SM and IS staff
performing the maintenance in order to ensure highly available e-government
software for services delivery over time. Accordingly, the model could be utilised
to assist in overcoming one of many critical e-government problems -
unsustainable e-government systems — in developing countries which, according
the United Nations e-government survey 2010, mostly occupy a medium to low

level on the e-government index.

Specifically, the research outcomes are as follows:

o A formal model of eGSF relationships validated with a successful e-
government system in a developing country. The model, which focuses on
ensuring e-government sustainability, allows an extension of current
understanding of e-government success.

e A model describing the dynamic relationships between the success
factors of e-government SM and IS staff management. The model
extends the representation of SM elements and processes through
dynamic and formal representation. It also presents an extension of the
application of the dynamic model of the expectancy theory into the area of
e-government SM. The extension also includes staff competence and
availability success factors.

e A specific profile of a sustainable e-government system in Indonesia. This
profile description presents a thorough examination of the characteristics
of a successful e-government system specific to developing countries,
and demonstrates how e-government SM and internal IS staff are
successfully managed, leading to sustainable e-government service
delivery.

e Simulation results of the validated formal model of eGSF relationships.
These simulation outputs provide explicit details about the way the

dynamic levels of a success factor influence the levels of other success
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factors. This suggests valuable lessons for e-government decision-
makers or managers about the impacts of changes in the success factors
of a successful e-government system on other success factors and the
level of e-government success.

e Lessons learned from scenario simulations of success factors. A scenario
simulation suggests why and how a (set of) selected factor(s) and
relationships eventually causes e-government failure or success. From a
scenario simulation, a policy can be introduced to and experimented with
the validated model without costing any resources or changing
organisational settings in order to achieve e-government success and

avoid failure.

1.2 Thesis structure

Chapter 1 summarises the rationale for this research, its scope, aims and
expected outcome. It also describes the structure of this thesis document.

Chapter 2 presents a comprehensive review of existing e-government
success modelling literature. The review reveals the nature and importance of e-
government and indicates that e-government success is a complex phenomenon
inheriting the complexity of e-government. However, the review shows that
previous research has paid less attention to the relationships between the
success factors. There is also rare research into e-government systems during
their operation and maintenance stage. This review results in the identification of

a research gap and the determination of the present research aims and scope.

Chapter 3 attempts to elicit the relationships between e-government success
factors identified in previous research. Referring to the research gap, scope and
success factor categories, in this chapter a comprehensive literature review is
undertaken focusing on SM and IS staff management domains. This chapter
identifies elementary-level success factors and their relationships from these two
domains. The theoretical underpinning on which to build the relationships model

is also identified and discussed.

Chapter 4 discusses the research approach, modelling methods and
techniques, and a case study data-collection method. This chapter argues for the

suitability of a systemic approach in viewing e-government success factors and
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their relationships, which is then implemented using system decomposition and
SD modelling methods. The research design presented in this chapter to achieve
the research aim broadly involves developing an initial model from the literature;
collecting data from a successful e-government system in a developing country
as a case study based on the initial model; and using the case study data and
other techniques to validate and improve the initial model in accordance with the
suggested validation process in the SD method.

Chapter 5 presents in detail the development of the decomposition and SD
models of the e-government success factors system using the success factors
and their relationships identified in Chapter 3 and the modelling methods

described in Chapter 4.

Chapter 6 describes the realisation and results of the case study process
dealing with a successful Indonesian e-government system which was selected
to represent a successful system in developing countries. The chapter then
demonstrates the use of case study data and the implementation of a validation
process of the SD model, to ensure soundness, usefulness and confident usage
of the model in supporting e-government decision-makers to realise e-

government success.

Chapter 7 explores the dynamic behaviour of the model in which scenarios,
referring to the success/failure factors identified in previous research, are
introduced to the model and simulations are run on this adjusted model.
Therefore, the chapter reveals explicitly how e-government success factors relate
dynamically to each other. It also shows the use of the model, considering
success factors and their relationships, and indicating how and why these

scenarios could lead to e-government success or failure.

Chapter 8 concludes the thesis with the contributions and limitations of this
research. These include contributions to the body of knowledge and practice in e-
government. Some limitations of the research are also stated explicitly. Several

possible directions for future research are suggested.
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Chapter 2 Literature Review

2.1 Introduction

This chapter presents reviews of the literature pertaining to the nature and
importance of e-government, eGSF models, and e-government in developing
countries. The chapter also describes the identified research gap, aims and

scope.

First, the presentation begins with reviewing e-government definitions and
formulating a definition to be adopted by this study. To obtain a broad
understanding, this is followed by reviews of e-government forms, stages of
advancement, types of applications, their complexity and benefits. Second,
varying notions of e-government success will be presented along with an adopted
working definition. Next, eGSF models available within the existing e-government
literature will be reviewed and evaluated. This section is especially intended to
identify approaches and models adopted by previous research considering the
relationships and organisation of the success factors. The strengths and
weaknesses of previous approaches and models will be evaluated in order to
identify the research gap. Fourth, the current status, issues and challenges of e-
government in developing countries will be described. This section provides
ideas regarding the focus of this study on developing countries. Last, the chapter
presents research gap identified from previous studies, based on which the aims

and scope of the current research are formulated.

2.2 Nature and importance of e-government

2.2.1 E-government definition

The first step in studying e-government is to understand the definition of e-
government (Gil-Garcia & Luna-Reyes 2006). However, as a growing field of
study, e-government literature has not established a relatively simple and widely-
shared definition. The literature has shown that there are many different
definitions (Misra 2007; Yildiz 2007) that depend on the objectives of the
activities and who performs them (Yildiz 2007). The review of previous literature
has indicated that most definitions of e-government underline the use or adoption
of information and communication technology (ICT) (Bhatnagar 2004; Dawes
2002; Hovy 2008; Hughes 2003; Kraemer & King 2008). Most often e-
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government definitions confined themselves to the Internet or Web-based
technology (Fang 2002; Gauld & Goldfinch 2006; Kahraman, Demirel & Demirel
2007; Kaylor, Deshazo & Eck 2001). Alhujran (2009) also concluded from
reviewing existing literature that e-government is about delivering public services
utilising web-based tools and applications. Furthermore, having extensively
reviewed the e-government literature and examining the variations expressed in
the available definitions, Hu et al. (2009) concluded with a collection of concepts
that is mostly shared by previous studies in the definition formulation. They

included:

1. the major initiatives of management and delivery of information and public
Services;

2. taken by all levels of governments (including agencies, sectors);

3. on behalf of citizens, business;

4. involving using multi-ways of internet, web site, system integration and
interoperability;

5. to enhance the services (information, communication, policy making),
quality and security; and

6. asanew key (main, important) strategy or approach (Hu et al. 2009: 979).

This short review indicates that many e-government definition formulations
rank ICT or Internet technology as one of the underlying concepts necessary for
an e-government system. Although it is a fact that without ICT there will be no e-
government, viewing ICT — especially internet technology — as one of the focal
points could prove misleading. Especially in regard to the current status of ICT in
developing countries (United Nations 2010), those definitions could lead to an
understanding on the part of e-government stakeholders in developing countries
that e-government is equivalent to ICT acquisition and installation within
government organisations in order to perform government activities. This
perception certainly should be avoided. As we are reminded by Heeks and
Bhatnagar (2001), it is IS that should be the focus of e-government development.
An information system is an integration of various elements consisting of
technology, information, organisational processes, and people who create and
deliver services and values (Heeks 2005b). Further, as many studies have also
shown, e-government development relying solely on ICT development often did
not result in fulfilment of the expectations for e-government development
(Gronlund 2005; Kraemer & King 2008). Moreover, Elliman et al. (2007: 370)

indicated that technology could be “..the creator of the problems rather than a
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solution”. In line with Heeks (2005b), it was emphasised by Silcock (2001) that e-
government is a combination of technology, business processes and human

resources with the government’s customers at the centre.

In light of the aforementioned reasons, this study adopts the following e-

government definition:

e-government is a government information system that enables better quality
government operations, better services delivery, and more convenient and
efficient access to information which both benefits its customers and

enhances their participation.

This definition explicitly introduces the IS notion as described by Whitten and
Bentley ( 2007). The IS definition reflects an integration of ICT infrastructure,
organisational resources, organisational objectives and values (Davis 2005;
Whitten & Bentley 2007). As in general notions of IS, this definition emphasises
the importance of the human and organisational aspects (Avison & Fitzgerald
2006). By embracing the notion of IS into the definition of e-government, this
study also acknowledges an e-government as a socio-technical system (Beynon-
Davies 2007; Heeks 2005b; Olphert & Damodaran 2007). This socio-technical
point of view on e-government emphasises the importance of interdependency
amongst various e-government elements in the sense that it consists of
reciprocal interaction between “task, technology, people and structure” (Bostrom &
Heinen 1977: 25). By formulating this definition, methods and tools available
within the IS field will be utilised by this study.

As in Heeks (2008e), technologically the definition of e-government adopted
by this study includes all types of networked-digital ICTs and public-sector
activities and is not limited to the use of Internet technology. Limiting the
definition of e-government by associating it only to the website that can be
accessed directly by citizens might not be appropriate in view of the low levels of
access to the Internet in developing countries (United Nations 2010). In other
words, the limitation could cause any IS which deliver government services but
are not implemented using internet technology not to be considered as e-
government systems. Low levels of internet access and the digital divide in
developing countries could prevent citizens from gaining access to government

services if e-government is implemented only through internet technology. Even
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in a very developed country the digital divide is still a serious problem (Belanger
& Carter 2009).

2.2.2 E-government forms, stages of development and applications

E-government can be categorised in various ways related to the main
stakeholders involved and type of service delivered (Belanger & Hiller 2006;
Beynon-Davies 2007; Fang 2002; Lee, Tan & Trimi 2005; Ndou 2004). For
example, Belanger and Hiller (2006: 50) proposed to categorise e-government
into six forms: “government with individuals — delivering services, government with
individuals — political process, government with business as a citizen, government with
business in the marketplace, government with employees, and government with
government”. Similar to this categorisation, Beynon-Davies (2007) classified e-

government into five forms :

1. Internal e-government. This refers to the IS of the internal process of the
government organisation. The systems deal with the government employees
and managers who perform daily tasks and business processes within and
amongst government units. The aim of this type of e-government is efficient,
effective and seamlessly integrated internal operations.

2. Government to citizen (G2C). Development and implementation of this type of
IS aims mainly at improving the delivery of government services to citizens.
The citizens as the customers are expected to benefit from efficient
processes through the elimination of many intermediaries and the high and
continuous availability of government services.

3. Government to business (G2B). This form of e-government is an IS
developed to accommodate the private sector’s need of efficient and effective
processes in dealing with government. The customers of this e-government
form are business companies.

4. Government to government (G2G). This is a type of IS that enables various
government units to collaborate on a particular or a set of government-
activities or business. Development and implementation of a G2G is expected
to be able to support the achievement of high-level or broad government
objectives.

5. Citizen to citizen (C2C). Although in the past this interaction was not
considered as part of e-government, Beynon-Davies (2007) argued that

there is a need to involve community chains within the functions of a
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government in order to improve government accountability and policy-making.

Development and implementation of this type of IS can obviate this need.

This classification indicates that e-government systems are multi-faceted. In
practice, it is possible that an e-government is designed solely to serve
businesses such as an e-procurement system, citizens such as a birth certificate
system, or both business and citizens such as a tax-filing system. However, it is
not necessary that the development and implementation of an e-government
system should follow that categorisation. In addition to the difference in the
parties involved and services delivered, this classification indicates that the IS
design and implementation of one category is different from that of other

categories because of the difference in scope and coverage.

Focusing on the implementation of e-government through website
technology, some studies have investigated how e-government should or may
grow into its ideal functionality. These studies defined the growth of e-
government into stages within a hierarchy of functionality including type of
services and challenges of each stage (Belanger & Hiller 2006; Layne & Lee
2001). There are variations to the stages in previously proposed models, as
shown in Table 2.1. In essence, the stage starts with the most simple and ends

up with the most sophisticated system.

10
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Table 2.1 Proposed e-government growth models

Stepl Step 2 Step 3 Step 4 Step 5 Step 6
Layne and Catalogue Transaction | Vertical Horizontal
Lee (2001) integration | integration
Baum and Presence Interaction Transac- Transform
Di Maio tion ation
(2000)
Ronaghan | Emerging | Enhanced Interactive Transac- Seamless
(2001) presence presence tional
govern-
ment
Hiller and Information Two-way Integration | Transac- Partici-
Belanger dissemination | communica- tion pation
(2001) tion
Wescot E-mail and | Enable inter- Two-way Exchange Digital Join-up
(2001) internal organisational | communica- | of value democracy | govern-
network and public tion ment
access to
information

Source: Coursey & Norris (2008: 524)

This growth model is expected to provide a path through which an e-

government system improves its level of sophistication whereby a more

sophisticated system assumes more benefits gained by both government and

citizens. The benefits will be realised by citizens who can access the government

services anywhere anytime using internet technology.

Similar to these proposed models, the United Nations (UN) also developed

and utilised a model of e-government development stages to capture the level of

online or website sophistication in delivery service by its member states (United

Nations 2010). The UN’s model consists of four level of sophistication (United
Nations 2010: 95):

e Level | — “Emerging information services”. At this level, government provides

current information to the citizens regarding public policy, law and regulation

and services, as well as links to the documents repository.

e Level Il — “Enhanced information services”. This level is associated with the

capability of the e-government website to provide one-way or simple two-way

communication in which the citizens can download documents or application

forms.

11
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e Level Ill — “Transactional services”. This level indicates that the e- government
website has been able to deliver two-way communication services delivery
including financial transactions. A seamless back-end process is hecessary to
achieve this level.

o Level IV — “Connected service”. At this level, the sophistication of the e-
government development is higher than Level Ill in that government can
establish seamless coordination and collaboration amongst government units
to deliver services. Citizens and government can also exchange ideas through
the website or other internet technology. The government service is more
citizen-oriented. This level needs a quality IS.

However, some research has questioned the predictability of the growth
model. Some empirical studies showed that many e-government systems,
especially at the local level of government organisation in the United States, did
not follow this model in terms of the growth of their sophistication level (Coursey
& Norris 2008; Reddick 2004). Another study argued that in developing countries
the growth model should be adjusted to accommodate their specific conditions —
technical, social and political — compared with the developed countries (Zarei,
Ghapanchi & Sattary 2008). They proposed a nine-stage model of e-government
growth for developing countries: “strategy development, building infrastructure,
building trust, making portal, initial interaction & stimulation, prototyping, enrichment,

integration, and ICT industry development” (Zarei, Ghapanchi & Sattary 2008: 204).

Despite some critiques these models, especially the UN’s simple four-stage
model, is a valuable tool for e-government stakeholders to measure or
benchmark their e-government systems’ level of achievement. At the same time
the models also provide challenges that need to be overcome and types of
systems and services that need to be developed in order to elevate any e-

government system to a higher level of sophistication (Layne & Lee 2001).

Although the level of sophistication can be associated with the degree of
benefit, the use of the model to measure the benefits of an e-government system
should be used with some caution. It must be noted that as the models refer only
to service provision through an e-government website, therefore the services
delivered through other methods are not considered. These models also implicitly

assume that all government customers have access to the internet and know

12
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how to access e-government services through a website, while in fact that this is
not always the case, even in a most developed country (Belanger & Carter 2009).

With respect to developing countries’ conditions, especially the low level of
internet penetration (United Nations 2010), the use of one of these models to
evaluate the value of e-government to the citizens also needs to consider non-
internet based e-government services. This is so because, as shown by Zhang et
al. (2008), the IS deployed by a government organisation can also deliver highly
valuable services and provide substantial benefits to citizens without delivering e-
government services through the internet. This means it is possible that a
government organisation has been able to deliver services by implementing an
information system which highly benefits its citizens even though in terms of
website services provision the e-government system is at level | or Il. On the
other hand, a government organisation could achieve level Il but it is the only
service available for the citizens. With low-level internet penetration, the service

will not be able to reach the intended stakeholders.

In addition to the forms of an e-government system and its stage of
sophistication, the extant studies indicated that e-government systems are also
implemented in a variety of specific applications. One example of an e-
government application is a “virtual town-hall” information system (Baldersheim
2004). This application provides a website interface to citizens and business in
various aspects of government-to-citizens and government-to-business
communication and transactions (Becker et al. 2004). Other examples are
special-purpose e-government systems such as human resources management
IS (HRMIS), general office environment systems (Singh & Goel 2007) and project
management systems implemented within a central government office (Hussein
et al. 2007). These types of e-government applications are not used to deliver
services directly to citizens but to improve the efficiency and effectiveness of
internal government operations such that the government has the capability to

serve its citizens better.

Examples of e-government applications that provide services directly to
citizens or businesses are public hospital service information systems (Gauld

2007), the e-stamping service (Luk 2009), tax administration (Gonzalez, Gasco &

13
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Lopis 2007; Smith 2011), e-procurement (Smith 2011) and the geographic
information system (de Kool 2010).

2.2.3 E-government system life cycle

As an IS, an e-government system can also be studied or managed
according to the IS development life-cycle (ISDLC) (Heeks 2005b; Tsai, Choi &
Perry 2009). By following the ISDLC, the e-government system life-cycle
subsequently consists of (Avison & Fitzgerald 2006: 31-4):

1. “Feasibility study.” This stage concerns the identification of a possible e-
government project, analyses the real need, the broad requirements and
feasibility.

2. “System investigation.” This is a thorough fact-finding process about the
current state of the system including functional requirements and problems as
well as system constraints.

3. “Systems analysis.” Based on the investigation stage, the system analysis tries
particularly to elicit the requirements of the users who are responsible for the
system operation, who will use the output, provide input and manage the
processes of the system.

4. “Systems design.” This stage implements the knowledge that is obtained
during the system analysis. The activities comprise designing a computer-
user interface, computer network, process algorithm and data repository,
which are mainly technological aspects, as well as new business processes
or new modes of service delivery.

5. “Implementation.” This part deals with creating the software, acquiring the
hardware, implementing the computer network, building facilities, testing and
documenting the system. Other activities within this stage are introducing the
new system, training the users in how to use the newly-implemented system,
and converting old data into the new format.

6. “Review and maintenance.” This is the operational stage of an e-government
system where the system should spend most of its lifetime to deliver the
services for which it is being designed. During this operational stage, flaws
undetected at previous stages and new requirements can emerge (Grubb &
Takang 2003). At this stage the most important thing is to ensure that the
implemented system can continuously support the organisational objectives.

Therefore, maintaining the system to correct emergent problems and to

14



A formal model of e-government success factors for developing countries:
Dynamic relationships of software maintenance and information system staff management

modify or enhance the system with respect to new organisational or user
requirements are the main activities of this stage (Grubb & Takang 2003). At
a certain level, the system maintenance might not be able to cope with the
new requirements and the advance of technology, hence a completely new
system may need to be developed.

This e-government system life-cycle indicates that each stage has its own
specification in terms of activities performed, resources required, organisational
setting, personnel involved and other support needed (Heeks 2005b). In short,
the factors necessary for ensuring e-government success are different from one
stage to another stage of the cycle. By understanding this e-government life-
cycle, decision-makers and those who are in charge of e-government
management can establish strategies for each stage to ensure the achievement

of their e-government system objectives.

This life-cycle, broadly, can be divided into two stages: “l. The initial
development of software, and 2. The maintenance and use of software.” (April & Abran
2008: 10). To achieve the e-government system objectives, proper
implementation of IS development project management for the first stage and

quality maintenance of the system for the second one are necessary.

2.2.4 Complexity of e-government

Variations in definitions, forms, sophistication growth and applications found
in literature and practice indicate the complexity of e-government systems. This
complexity has also been acknowledged by much of the previous e-government
research. For example, Scholl (2007) and Shareef et al. (2011) emphasised that
the e-government system is a complex phenomenon which involves not only
government organisation and processes and ICT implementation but also
individual, social, political, economic and marketing factors etc. Further, in order
to fully understand e-government systems, interdependence and interaction
among those factors should also be comprehended (Beynon-Davies 2007; Scholl
2007). Admitting this complexity, Beynon-Davies (2007) developed and proposed
a meta-model of e-government that was constructed from the interdependencies
of vertical and horizontal dimensions, adopting a socio-technical paradigm. The
vertical dimension deals with the informatics infrastructure supporting human

resources infrastructure, while the horizontal dimension models the government
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business system that creates and delivers values to the government’s customers.
In line with this perspective, especially in regard to achieving e-government
system goals and objectives, Shareef et al. (2011) and Titah and Barki (2008)
argued that it is crucial to consider the interaction and complex relationships
between the success factors. In other words, comprehending this complexity is
necessary to avoid failure, which is relatively common in e-government

development and implementation (Heeks 2003).

In order to implement this concept of e-government complexity, Gil-Garcia
and Pardo (2006) urged the use of a comprehensive and dynamic view of e-
government systems. This view was explained by Scholl (2007: 74), involving six
high-level variables (information use, technology use, public policy, government

operations, government services, citizens’ engagement), that:

relationships are likely to exist between all variables defying the establishing
of any clear-cut cause-and-effect, independent-to-dependent-variable
hierarchy between them.

More importantly, all high-level variables interact with each other in a
feedback fashion. When, for example, certain policies are imposed on the
uses of technology, not only that particular variable will be affected,
however; over time all other variables in the grid will be impacted.

Acknowledging these complex feedback relationships and using this dynamic
view, Martinez-Moyano and Gil-Garcia (2004) for example modelled the
interaction of citizens, government agencies and interaction forms as well as the
impact of time to understand the growth of e-government sophistication using a
qualitative modelling method of SD. Likewise, Luna-Reyes and Gil-Garcia (2009)
investigated the interaction among institutional arrangement, organisational forms
and enacted technology in order to understand the development of e-government
systems websites in Mexico by implementing a quantitative modelling method of
SD.

Comparing the formulation of the e-government definition adopted by this
study and acknowledging the complexity of an e-government system, it seems
clear that the definition adopted has embraced the complex nature of e-

government.
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2.2.5 Importance of e-government

The importance of an e-government system can be evaluated from the
degree of benefits that can be realised through a successful development and
implementation of that system (Gichoya 2005). However, as there are many
different stakeholders involved with an e-government system, then there can be a
number of different perceptions as to the realised benefits (Dada 2006; Sedera,
Gable & Chan 2003). In other words, the benefit of an e-government system can
be viewed from many different standpoints including government as organisation,
government staff, government managers, e-champions, government leaders,
citizens as a whole and as individual, private businesses and other non-
governmental organisations. Considering this variability, it is very unlikely to have
a converging perception of benefits among e-government system stakeholders.
The degree of importance of an e-government system to its stakeholders much

depends on what position the stakeholder holds when viewing the system.

Irrespective of the stance of the stakeholders, by referring to some attributes,
there are many kinds of benefits that can be realised by successful e-government
system development and implementation. For example, Gichoya (2005) listed
benefits such as easier communication, increased capacity of government,
improved decision-making and transparency, and improved services efficiency.
Dawes (1996) in Pardo and Tayi (2007) classified the benefits as technical,

organisational and political.

The importance or benefits of an e-government system can also be assessed
by what is being delivered by the system. For this, Bhatnagar (2004 Ch. 3)
provided an encompassing list of good governance goals and the role of a

successful e-government system, as depicted in Table 2.2.
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Table 2.2 Potential benefits of the e-government and how benefits can be

realised.

Good governance
goals

How e-government can help

Increasing e Dissemination of government rules and procedures;
Transparency citizens’ charters; government performance data to wider
audience
e Disclosure of public assets, government budget;
procurement information
e Making decisions of civil servants available to public
Reducing e Putting procedures online so that transaction can be easily
administrative monitored
corruption ¢ Reducing the gatekeeper role of civil servants through

automated procedures that limit discretionary powers
o Eliminating the need for intermediaries

Improving service
delivery

e Less time in completing transactions

e Reduction of costs associated with travel for citizens to
interact with government

e Improving government’s ability to deliver service to
larger segment of population

Improving civil e Increased ability of managers to monitor task completion
service rates of civil servants
performance e Improved efficiency of civil servants by automating
tedious work
¢ Increased speed and efficiency of inter- and intra- agency
workflow and data exchange
¢ Eliminating redundancy of staff
Empowerment e Providing communities with limited or no access to
government with a new channel to receive government
services and information
¢ Reducing the brokerage power of intermediaries
Improving ¢ Reducing cost of transactions for government processes
government e Increasing revenue by improving audit functions to better
finances track defaulters and plug leakages by reducing corruption

e Providing better control of expenditure

Source: Bhatnagar (2004: 37-8)

2.3 E-government success

2.3.1 Definitions and measurements
Existing research has shown that there is no single encompassing construct

to define the success of an e-government system (Liangwen 2009); it varies and
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certainly depends on the context and purpose of the studies. This variation also
applies in practice depending on the range of stakeholders involved and their
subjectivities (Dada 2006; Heeks 2008b; 2008d: 10). In this respect, for instance,
Heeks (2008c) and Sedera, Gable and Chan (2004) suggested consulting the
associated stakeholders in regard to what level of their goals should be met in
developing an e-government system. In addition to the dependence on the
stakeholders and their subjective views, a review of previous studies indicates
that e-government success has been defined by associating it with e-government
project development, adoption by citizens (external users), adoption by internal

users, internet- or web-based system or non-internet-based system.

For example, in studying success factors that influence the development of
an e-government project, Rosacker and Olson (2008) used the successful
implementation of an e-government project to define e-government success. In
their definition, an e-government project's success is measured by project
completion time, budget allocated and used, and the ability of the system to

deliver its intended functions and purposes.

Certainly, much research has also studied e-government success from the
demand side, or external users’ acceptance and adoption, for example Kumar et
al. (2007), Lin, Fofanah and Liang (2011), Song (2010) and Titah and Barki
(2008). In essence, they defined the success of an e-government system by
evaluating whether users intended to use or actually used the system to obtain
government services. From this context, Kumar et al. (2007) measured success
by examining the recurring and preferred use of an e-government system by
external users to obtain information, as well as to interact and transact with
government. Many other studies implemented DeLone and McLean’s (2003) IS
success model to evaluate the adoption of e-government system by focusing on
the quality of the system, the information and the services provided that lead to
persistent use of an e-government system, for example Gonzalez, Adenso-Diaz
and Gemoets (2010), Liangwen (2009), Sang, Lee and Lee (2009) and Teo,
Srivastava and Jiang (2008).

There were also research studies that examined and defined e-government
success from the supply or government side. Using this viewpoint to judge e-

government success, the studies stipulated some criteria or indicators from the
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government side such as perception of government employees, degree of
functionality of the e-government website, or the abilitiy of the e-government
system to operate over a long time. For example, in studying the success of
back-end systems of e-government in Malaysia, Hussein et al. (2007) used
internal users to evaluate e-government success in terms of the perception of the
government employees in performing their duties using the system. In their study
they applied DelLone and McLean’s (2003) model to define and measure e-
government system success. Gil-Garcia (2005) adopted website functionality of
e-government systems to define the success of local- or state-level e-
governments in the United States. On this supply side study, Gil-Garcia used the
“overall state e-government ranking (score), digital state e-commerce score, number of e-
commerce systems and number of online services” (Gil-Garcia 2006: 4) as the
indicators in measuring e-government success. Within the context of a
developing country, India, Krishna and Walsham (2005) and Best and Kumar
(2008) defined an e-government system as successful if the system is
sustainable and based on how various stakeholders view e-government. Based
on this sustainability criterion, they classified an e-government system as
successful if it has been able to persistently operate and expand its functionality

over several years.

This review of the definition of e-government success has underlined the
existence of diverse notions and formulations of such success. The context,
stance, stakeholder position and development or growth stage of an e-
government system should be considered in evaluating, understanding and

defining its success.

2.3.2 A working definition and measurements

The review of the literature has revealed the existence of the differences and
lack of consistency in defining e-government system success. An intention to
adopt an existing definition suited to the present study could be hindered by this
diversity, because the available definitions do not fit with the purpose and
limitation of this study. Accordingly, the study will develop and adopt a working
definition of e-government success. Acknowledging the dependency of a
definition of e-government success on the context and purpose, the definition

formulation will adopt a widely validated IS success model, be based on a
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particular side of e-government, and be within the context of developing

countries.

In the IS field, DeLone and McLean’s (2003) IS success model is an
exemplary one. It received empirical support, fully as well as partially, from
various researchers in individual and organisational contexts (Petter, DeLone &
McLean 2008). This model consists of six variables: information quality, system
quality, service quality, intention to use/use, user satisfaction and net benefit in a
dependency relationship. The first three variables separately influence both the
intention to use/use and the user satisfaction variables. Then, the intention to
use/use and the user satisfaction variables influence each other and also both
influence the net benefit. The latter in turn carries influence back to both the
intention to use / use and the user satisfaction. In this model, DeLone and
McLean emphasised that the net benefit is the most important variable in
measuring the success of an information system. However, they explained that
the net benefit variable alone cannot be understood without measuring the other
variables in the model, with measurement of the net benefits being dependent on

the context and objectives of the system development.

This IS success model has also been utlised and validated within the
government information system context — see for example Hu et al. (2005),
Hussein et al. (2007), Hussein, Karim and Selamat (2007), Sedera and Gable
(2004) and Wang and Liao (2008). Referring to the description of this model,
these validations can be interpreted as that the net benefits can be realised,
whether by individual or organisation, only if the e-government system is of high
quality, can provide quality information and supports the provision of quality
services (Chutimaskul, Funilkul & Chongsuphajaisiddhi 2008; Wang & Liao
2008).

For this study, the definition of e-government system success is formulated
based upon the perspective of the importance of the sustainability factor of an e-
government system (Ali & Bailur 2007; Horiuchi 2006; Hunt 2001) for developing
countries, the antecedent variables of the widely adopted and validated DelLone
and MclLean’s IS success model, as well as the UN’s e-government
sophistication growth model. By considering these backgrounds, the study

defines e-government success as:
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the realisation of a sustainable quality e-government system that

delivers quality information and services.
The definition can be explained as follows.

e Basically, this definition emphasises that the most important variable of
e-government system success is the net benefits, as underlined by
DelLone and McLean’s model. However, based on the variables
dependency of this model, the net benefits can only come to evidence
through realisation of a sustainable quality e-government system that
delivers quality information and services.

e The realisation should be sustainable in the sense that the quality e-
government system should be able to operate continuously for a long
period of time and be able to grow in its scope and coverage of services
(Krishna & Walsham 2005). In terms of the period, logically it should be
as long as possible. In their study, Krishna and Walsham (2005) used
four years as a measure of e-government sustainability. Following
Krishna and Walsham’s study, this research uses a period of at least
four years as a measure of sustainability. In addition to the system’s
lifetime, its sustainability is also measured by an increasing number of
features or services available in the implemented application system, the
number of application systems and number of users.

e The level of quality of an e-government system is measured by the level
of the growth in sophistication achieved by the system based on the
UN’s model. Referring to this online index measure and e-government
system development in developing countries (United Nations 2010), a
guality e-government system should at least achieve the second level.
As stated by Shareef et al. (2011: 18), considering level Il and beyond
that “most of the countries are still struggling to attain this e-Gov service
level”. In addition, an e-government system should also be supported by
an integrated computer network, although not necessarily an internet-
based system. This description is based on the fact that most
government websites in developing countries are still within the second
level, and many non-internet-based but computer network-based e-
government systems in developing countries can provide significant

benefits to their customers (citizens, businesses and government
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employees or government managers) such as those studied by Hussein
et al. (2007), Krishna and Walsham (2005) and Zhang et al. (2008).

The definition and description of e-government success provided is based on
the reasoning that the success level should be realistic and achievable from a
developing country’s position. This means that an e-government system which is
judged as successful can be used as a referent for other e-government system
decision-makers as a learning example. The lesson drawn from a successful e-
government system case can be used to develop strategies for achieving
success within similar conditions. Also, with respect to the ‘position’ or stance
from which the success is viewed, the adopted definition considers the success
from the supply or government side. This point of view focuses on harnessing
strategic efforts, managing available resources and overcoming barriers to
materialise a quality e-government system development, implementation and
utilisation (Kunstelj & Vintar 2004). This is in contrast to the demand-side point of
view where the success is measured by the level of adoption by citizens in term
of recurrent and preferred use of e-government websites (Kumar et al. 2007;
Titah & Barki 2008).

2.4 E-government success models

2.4.1 Success factor

The success of an e-government system depends on e-government success
factors. A factor is “one of the elements contributing to a particular result or situation”
(Dictionary.com LLC 2011). An eGSF is a thing (object or activity or condition)
that contributes to or determines the success of an e-government (Fairchild,
Ribbers & Nooteboom 2004; Gichoya 2005). Gichoya (2005) distinguished
success factors into drivers and enablers. The former refers to those that
reinforce success while the latter refers to active elements that help overcome
potential barriers. Gichoya also defined failure factors — the things the occurrence
of which constrains proper development and implementation of an e-government
system. The failure factors can be either barriers or inhibitors. The occurrence of
barriers hinders e-government system implementation, while inhibitors prevent
advancement and restrict successful implementation and sustainability.
Additionally, Fairchild et al. (2004) differentiated success factors into two kinds:

those that are beyond the control of an organisation but with which the
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organisation operates and interacts, and those that characterise organisational
operations and are under the organisation’s control. The first are external factors

whereas the latter are internal ones.

From the description of the eGSFs, it can be concluded that the success
factors and the failure factors are just opposite sides of the same coin. Therefore,
in a study of e-government success it is also necessary to examine e-
government failure factors. This stance has also been taken by many previous e-
government studies. For instance, Coursey and Norris (2008) studied barriers
that prevent an e-government system from achieving success; Heeks (2008b)
studied e-government success versus failure factors in developing countries; and
Kumar and Best (2006) reported the results of their research on the causes of an
e-government failure. This research showed the factors that cause an e-
government failure and proposed methods to avoid the failure, hence to achieve

a success.

Considering the aforementioned reasons, this study will take into account and
name both e-government success factors and failure factors as success factors.
For example, a lack of internal ICT-skilled staff is a failure factor and a sufficient
number of internal ICT-skilled staff is a success factor. In this study, both are

success factors.

2.4.2 Success factor models

By acknowledging the complexity of e-government systems, existing eGSF
literature will be reviewed to explore how the eGSFs were modelled in influencing
an e-government success. There has been much research done to investigate
eGSFs and to model the relationships between eGSFs and e-government

success from various perspectives.

From the demand side, much previous e-government research tried to
investigate what attributes e-government systems should have and/or other
success factors that influence the intention of citizens or business to use e-
government system based services. For example, Carter and Bélanger (2005)
empirically modelled eGSFs derived from the technology acceptance model
(TAM), the diffusion on innovation (DOI) and web-trust model to advise e-
government decision-makers on the factors that affect citizens’ adoption of e-

government services. More recently, Shareef et al. (2011), by acknowledging the
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interdependence of eGSFs, also tried to empirically model technological, social,
cultural, organisational, economic, political and marketing aspects of customer
success factors in order to predict the Canadian adoption of static and interactive
e-government services. In their research they were extending currently available
e-government user adoption models by adopting the first two levels of e-
government growth as dependent variables. As distinct from those studies
interested in citizens’ behaviour intention, Lee, Kim and Ahn (2011), by focusing
on business users of local e-government in Korea, modelled the influence of
available e-government offline services quality and trust in internet technology
success factors on the willingness of business users to adopt online services.
Further, by adopting and extending TAM, Lin, Fofanah and Liang (2011)
empirically implemented the model to reveal the relationships between the
success factors of TAM, IS quality, information quality and the intention of the

citizens of Gambia, a developing country, to use e-government services.

On the other hand, many researchers have also studied and modelled eGSFs
from the supply side of e-government systems in order to understand the
relationship between eGSFs and the successful development of e-government.
For example, Gil-Garcia (2005, 2006) empirically studied and modelled possible
relationships between a humber of eGSFs: web management practices, general
organisational factors, institutional arrangements, overall size of the economy,
voting preferences and demographic factors, and their influence on e-
government success within the states of the US. In this case, the success level
was relatively objectively measured based on the states’ website functionality,
which was based not on users’ perception but on the number of facilities
available on the website and the overall e-government score. In contrast,
Hussein, Karim and Selamat (2007) investigated Malaysia’s e-government
systems success based on the perception of internal users. They implemented
an IS success model as the attribute of e-government success, and empirically
modelled the relationships between IS facilities, IS competence, IS integration,
user support and decentralised IS structure and the success of e-government.
Further, from the supply side of e-government systems but different from Gil-
Garcia’s (2005, 2006) and Hussein, Karim and Selamat’s (2007) perspectives,
Rosacker and Olson (2008) modelled the influence of a number of critical
success factors on an e-government development project which has a specific

set of objectives, allocated budget and time period.
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In addition, there has been some research which did not specifically position
itself as demand or supply side, or which may address both sides in investigating
and modelling the eGSF, such as Lal and Haleem (2009) and Rashid and
Rahman (2010). In their research, they included the eGSFs associated with the
internal organisation of e-government systems as well as those that specify

citizens’ attributes in developing countries.

The aforementioned descriptions view previous research on eGSFs models
from the position of those who judge the success of e-government. Models of
eGSFs relationships proposed and/or formulated in previous e-government
success research can also be evaluated from the way the models were

formulated, tested and validated, which is in line with the interest of this study.

In a study to identify local e-government success factors, Grabow, Druke and
Siegfried (2004) listed 50 eGSFs and categorised them into 10 eGSF categories.
These eGSFs have been utilised to study several local e-government system
successes from several different countries (Druke 2005). By using a list, this
study did not implement any modelling tools or methods to understand the eGSF

relationships.

Much research has studied e-government success and modelled the success
factors using a qualitative case study approach. This is in the sense that the
relationships are presented using narrative descriptions. For example, Krishna
and Walsham (2005) presented how eGSF influences the success of local e-
government in India. In this longitudinal case study they described how the
eGSFs identified influence the sustainability of an e-government system. In a
different case study, Gauld (2007) analysed and identified the failure factors of a
health information system in New Zealand. Similar to Krishna and Walsham,
Gauld described qualitatively the way in which the eGSFs caused the e-
government system to fail and the relationships between the eGSFs. Another
example studied the eGSFs of the e-stamping service in Hong Kong. From the
perspective of the leadership, stakeholders and service quality in public
administration success factors, Luk (2009) studied the success of this e-
government system development and implementation. In this study, Luk

identified and explained how the eGSFs - leadership; law amendment;
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collaboration etc. — relate to each other in influencing e-government success

qualitatively.

A qualitative model of eGSFs relationships can provide rich insight into the
way the success factors influence e-government success. However, the value of
relationships describing the relative importance of the factors in determining
directly or indirectly the e-government success is missing from the models. In
addition, what the identified eGSFs are and how they relate to each other might

depend on the subjective understanding of the readers.

Previous research has also indicated that quantitative approaches have been
widely implemented to study the relative degree of importance of relationships or
influence of the eGSFs on e-government success. These approaches were
based mainly on statistical methods. For example, both Almahamid et al. (2010)
and Hussein et al. (2007) implemented statistical correlation analysis. In their
studies, Almahamid et al. (2010) applied non-parametric statistical correlation
analysis to empirically investigate the intention of Jordanians to use e-goverment
services involving the citizens’ perceptions on usefulness, ease of use and
information quality success factors, while Hussein et al. (2007) calculated
statistical correlation values of a number of pairs of an eGSF and an e-
government success dimension in studying several of Malaysia’s e-government
systems. In spite of quantitative information about the association of the eGSFs
and e-goverment success, they did not evaluate the correlation between the
eGSFs. In addition, correlation does not reflect the degree of influence of the
eGSF on the e-government success because this method does not specify the

cause and effect variables (Mendenhall, Beaver & Beaver 1995).

If the aim of a study is to investigate the influence of eGSF on an e-
government success, a multiple regression method is more appropriate than the
correlation analysis. A regression model consists of one dependent variable and
several independent variables (Hair et al. 2006). There was much previous
research that investigated what success factors influence e-government success
by implementing a multiple regression method (Best & Kumar 2008; Ho & Ni
2004; Hussein, Karim & Selamat 2007; Lee, Kim & Ahn 2011; Mohamed, Hussin
& Hussein 2006; Schwester 2009; Shareef et al. 2010; Shareef et al. 2009).

However, a multiple regression method assumes that the eGSFs as independent

27



A formal model of e-government success factors for developing countries:
Dynamic relationships of software maintenance and information system staff management

variables do not correlate with each other (Mendenhall, Beaver & Beaver 1995).
Therefore, by using this method, that research treated the eGSFs as though they
are independent of each other. Accordingly, the eGSFs relationships will not be
able to be revealed.

A growing number of studies have also implemented more flexible linear
models, allowing researchers to investigate the relationships among eGSFs in
influencing e-government success, such as the Structural Equation Modelling
(SEM) and Partial Least Square (PLS) methods. Examples of previous research
that studied e-government success and implemented one of these modelling
methods are those by Ozkan and Kanat (2011), Shareef et al. (2011), Lin,
Fofanah and Liang (2011), Prybutok, Zhang and Ryan (2008), Gupta, Dasgupta
and Gupta (2008), Wangpipatwong, Chutimaskul and Papasratorn (2008), Hung,
Chang and Yu (2006) and Gil-Garcia (2006). Using one or other of these
methods, these research studies also investigated the influence of one or more
eGSFs over other eGSFs, in addition to studying the influence of the eGSFs on
e-government success. To formulate the model, most of these researchers
adopted and extended well-established models in the IS field such as TAM,
Unified Theory of Acceptance and Use of Technology (UTAUT), DOI and the
trustworthiness model for e-government success; therefore the research mostly
focuses on the perceptions of users about e-government system attributes:
attributes that, if satisfied, could make citizens or businesses have the intention
to use, use, or continuously use an e-government system service. In addition to
focusing on the user’s perception, further review of this literature shows that they
only modelled the influence of eGSFs in a linear and one-way direction on e-

government success.

In addition to the aforementioned modelling methods, other methods have
been adopted by other studies to model the eGSFs. Lal and Haleem (2009)
modelled the eGSFs structural relationships of rural e-government systems in
India using the Interpretive Structural Modelling method. The method involves
identifying relevant success factors, establishing a contextual relationship
between factors, developing and manipulating a structural self-interaction matrix
of factors and drawing a directed graph. From this modelling process, a structural
diagram describing relationships of the eGSFs can be revealed. The

relationships indicated in the resulting diagram show a chain of dependence from
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one eGSF to another. An insight can be excerpted from this model regarding
what is the most influential factor and what is the most dependent on other
factors. However, reciprocal relationships and the quantitative degree of
relationships cannot be observed from the model. Distinct from this method,
McMillan (2009) used matrices of success factors in order to organise a large
number of success factor relationships. On the basis of six domains of eGSFs:
business re-engineering, education, acceptance, security, cost and access,
McMillan empirically identified lower-level success factors for each domain and
then investigated the possible relationships between each factor from one
domain and each factor from all other domains. Thereby, various relationships
between success factors can be disclosed. In contrast with Lal and Haleem’s,
this model does not specify the (chain of) direction of relationships, and the
relationships were stated qualitatively. Another eGSFs modelling perspective was
used by AIShihi (2006). AIShihi studied the critical barriers that prevent the
willingness of Omani citizens to use the national level e-government system
service deliveries. Several strategic-level factors were identified and eventually
mapped into a chain of cause-effect relationships of the eGSFs. This map
qualitatively models the relationships of eGSFs that explains the way various
critical factors affect the adoption and diffusion of the e-government system in
Oman. As aimed for by the research, the identified qualitative cause-effect
relationships of the eGSFs were expected to be able to assist the e-government
decision-makers at a national level to develop strategies for improving the

willingness of Oman’s citizens to adopt e-government system services.

In sum, eGSFs and how they influence e-government success have been
attracting the attention of many researchers. There was also a wide diversity in
the perspectives from which previous research treated the eGSFs, how they
considered possible relationships among eGSFs in influencing e-government
success within their models. Despite its contribution to improving the body of
knowledge regarding eGSFs and assisting e-government decision-makers in
understanding what, and how, success factors could lead to e-government
success, much of the previous research, to some extent, did not embrace the
complexity notion of the eGSFs. Especially, many existing models provide only a

snapshot view and lack attention to the impact of time on e-government success.
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The aforementioned literature review indicates that some of the research
listed the eGSFs, described the relationships qualitatively, assumed there is no
relationship among eGSFs, modelled the relationships without cause-effect
direction, modelled one-way and linear influence of eGSFs, or qualitatively
modelled the cause-effect relationships focusing on the e-government users. In
addition, previous research was also dominated by the adoption and diffusion
from the demand side, and the development and implementation stage of e-
government life-cycle from the supply side. Many eGSFs models were built by
acknowledging the complex relationships between the success factors; however,
the models did not accommodate the feedback relationships between eGSFs and
feedback influence of dependent factors on the independent ones. The reviews
also indicate that there was a lack of modelling research dedicated to modelling

the success factors when success means a sustainable e-government system.

2.4.3 High-level success factor models

In addition to modelling the influence of eGSFs on e-government success,
literature in previous research also tried to organise the identified success factors
into a smaller number of classifications. By doing this, a more strategic level of
eGSFs that encapsulate complex and detailed or operational-level success
factors might be able to help e-government decision-makers to comprehend the
complex nature of e-government in a more enlightening and holistic way. Existing
eGSF literature indicates that the way in which eGSFs are classified varies.
There was no agreement in conceptualising the success factors into a smaller

number of “high-level” success factors.

With respect to their identified success factors of local level e-government
systems in Germany, Grabow, Druke and Siegfried (2004) categorised them into
10 high-level categories. These 10 categories, which were used as a study
framework for a number of local e-government systems in several countries, are
guiding principles and strategy; organisation, project and change management;
applications; benefits and costs; the right technology and organisation of the use
of technology; competence, motivation, and qualifications; creation of
acceptance, marketing; co-operation and partnerships; sustainable securing of
resources; and legality. The use of eGSFs categories as a study framework was
also indicated in Gil-Garcia and Pardo’s (2005) research. They examined the gap

between researchers and practitioners at the strategic level with regard to five
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success factor categories: information and data; information technology;
organisational and managerial factors; legal and regulatory factors; and
institutional and environmental factors. On the basis of these categories and
using the e-government systems in Canada and the United States as the
background, Gil-Garcia and Pardo investigated the eGSFs from existing research
and tried to seek the correspondence between research output and government

practitioners’ practices at the strategic level.

Some other research indicated a different way of classifying the eGSFs and
formulating their proposed model. For example, by acknowledging the fact that
the issues of adoption and acceptance of e-government systems are naturally
complex, Titah and Barki (2008) inferred and synthesised the success factors
found in existing literature into five broad topics. These are the influence of
managerial practices, the influence of organisational and individual
characteristics, the influence of governmental sub-cultures, the influence of IT
characteristics and the assessment of e-government impacts. In addition, they
concluded the importance of conceptualising “the interdependencies and non-linear
relationships that exist between these factors as well” they had found missing in past
studies. Another concept, which was developed based on the existing literature
examining e-government success factors, was also proposed by Altameem, Zairi
and Alshawi (2006). Their model proposal consists of three categories of critical
success factors: governing factors, technical factors and organisational factors
for e-government adoption, which they believed are able to assist decision-
makers to achieve a successful e-government implementation. Another high level
factor model, adopting Bostrom and Heinen’s socio-technical model, was
proposed by Alalwan and Thomas (2011), which consists of management of e-
government, e-government technology, e-government process and e-government
stakeholders. This proposed model was intended to be an evaluative framework
for e-government systems. This model acknowledges complex interaction of the

factors constructing an e-government system.

Different from these proposed models, Weerakkody, El-Haddadeh and Al-
Shafi (2011) moved further in studying the category of eGSFs. In addition to
conceptualising and categorising the eGSFs derived from existing e-government
literature, they also empirically evaluated their model against e-government

implementation and diffusion at the national level in Qatar. On reviewing the
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existing e-government literature, they divided the eGSFs into four broad themes:
organisational, technological, political, and social; then each of these themes is
further broken down into narrower themes. These eGSF categories were used as
a guide to study the challenges surrounding Qatar's e-government
implementation and diffusion. In another empirical study, Rashid and Rahman
(2010) categorised eGSFs found from existing e-government literature into four
high-level factors: institutional, resource, access and legal as critical
determinants of e-government success. As in other studies, they broke down
each of these factors into more detailed critical determinants forming a
hierarchical success factors model. They used this model as a framework to
empirically investigate the critical success factors in association with
Bangladesh’s e-government implementation. They based their conclusion on the
difference between the respondents’ perception of the level of importance and
commitment regarding the attributes of each high-level success factor. Also
based on the commonality found in e-government literature review, McMillan
(2009) concluded with six eGSFs categories which further form a hierarchical
eGSFs model.

From a different stance, several other “high-level” success factors were also
suggested by Heeks (2008a) after observing many failures of e-government
system projects and initiatives. Heeks suggested that the e-government decision-
makers should evaluate the gap between what they want and the reality they
currently have, regarding seven strategic factors: information, technology,
processes, objectives and values, staffing and skills, management systems and
structures, and other resources (time and money) — ITPOSMO. This model is a
valuable method for predicting possible e-government failure, and therefore
suggests to e-government decision-makers what decisions and actions should be
taken. Based on previous reports, Heeks concluded that the larger the gap, the

higher the probability of e-government development failing.

In sum, the literature review on categorising eGSFs into strategic or high-level
success factors shows that reaching a consensus on how to categorise the
eGSFs as they depend on context and adopted perspectives is most unlikely.
Nonetheless, to some extent the categorisation models promote a holistic view of
the complexity of e-government systems and success factors. The reviews show,

depending on the viewpoint of the decision-makers, that the strategic-level model
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provides them with an understanding of the range and variety of the high-level
success factors, assists them to properly prepare the e-government system
development by evaluating some critical aspects, and supports them in
comprehending the complexity and dependency of the strategic factors.

2.5 E-government in developing countries

2.5.1 Current state

Despite significant awareness of the wide gap between developed and
developing countries in ICT development levels and a number of noteworthy
success stories, “much of the developing world was still lagging far behind the
developed world five years ago” (Davison et al. 2005: xv). There are numerous
reasons to devote attention to the plight of e-government in developing countries,
as has been done by many global institutions such as the United Nations (UN)
and the International Telecommunication Union (ITU); it is, at least, necessary to
help increase the possibility of sustainability of the e-government initiatives that
have been implemented and to ensure the spending of scarce resources for this
“inevitable luxury” could benefit the developing countries’ citizens (Davison et al.
2005: 1).

In general, referring to the UN’s e-government index 2010, the level of the
current state of e-government in developing countries is medium to low (United
Nations 2010). The index reflects the advancement of e-government in the
member states of the UN which in turn is also a sign of the degree of benefit
delivered to the citizens. The benefits are obtained by “better access to information,
more efficient government management and improved interactions with governments,
primarily as a result of increasing use by the public sector of information and

communication technology” (United Nations 2010: 59).

The index ranges from 0 to 1 in which 1 is the highest and is measured by
weight-averaging three separate indices: online service index, telecommunication
infrastructure index and human capital index. Compared to the average of the
world government index in 2010 which is 0.4406, the average index of the region
occupied by most of the developing countries is around or below that figure, see

Table 2.3, (United Nations 2010). The survey report also indicates that no
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developing country is in the first 20 highest on the index (United Nations 2010:
60).

Table 2.3 E-government index of developing country regions

Region Index Region Index
Africa 0.2733 Southern Asia 0.3248
Caribbean 0.4454 South-Eastern Asia 0.4250
Central America 0.4295 Western Asia 0.4732
South America 0.4869 Oceania 0.4193
Central Asia 0.4239

Source: United Nations (2010)

Further review of this UN 2010 report regarding each component of the index
gives a more detailed view of the current state of e-government in developing
countries. Despite 98% of the UN’s member states having government websites
and four developing countries within the top 10 of the online service index, the
report also states that most developing countries have only a limited amount of
online transaction services. The average online index — which measures the
provision of basic information through online service, multimedia usage and two-
way communication with citizens, the use of internet to deliver government
services and solicitation of important public issues, and connected public
services and public consultation for public decision-making — is 0.2823 for
developing countries and 0.1121 for the least developed countries. The
telecommunication infrastructure index, the second component, is measured by
estimated internet users, main fixed telephone lines, mobile subscribers,
personal computers and total fixed broadband, all per 100 inhabitants. The index
for developing countries is 0.2046 and for the least developed countries it is
0.0445. The human capital index for developing countries is 0.8406 and for the
least developed countries it is 0.5743, the index of which is measured by
percentage of adult literacy and percentage of combined gross enrolment for

primary, secondary and tertiary schools.

In general, this report provides a broad view about the achievement of the
member states of the UN in developing e-government from the government side
as the supplier of the services. In terms of the first measure, the online service,

the index represents the extent to which government services are delivered
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through the internet or government websites. Especially the index measures the
services associated with the ministries of education, finance, health, labour and
social services. The measure refers to the UN’s “four stages of online service
development” (United Nations 2010: 95) which range from the simplest and least
sophisticated to the most advanced service delivery, as presented in section
2.2.2.

A report delivered by Waseda University named “The 2011 Waseda
University World e-Government Ranking” also shows that the advance of e-
government in developing countries still lags far behind that of developed
countries, which occupy the first to 22nd ranks (Anonymous 2011). By using
seven indicators, each of which further uses three to ten dimensions, the report
indicates that only some developing countries are grouped as having a middle
score while most are categorised as having a lower score. Some of the
developing countries in the lower-scoring group have been in that position for

several years.

For 2008, by referring to the UN’s 2008 online index measures and based on
selected developing countries, Baqir and lyer (2010) classified the African and
most of the Asian countries’ e-government development as enhanced, while the
South American countries were at early interactive level. Concerning Africa,
Rorissa & Demissie (2009) reported that in 2008 94.66% of African governments’
websites, at most, are only able to provide downloadable information services. In
addition to this still-low achievement of the governments in e-government
development, the UN’s report (United Nations 2008) provided figures indicating a
low level of services utilisation of government websites by the citizens in
developing countries. The figures are mostly between 34% and 66% and there

are still many between 10% and 33%.

It can be summarised that, despite a small number of developing countries
achieving a relatively high level of e-government development, most developing
countries are still struggling to achieve even a medium level. In this respect, there
is a need to facilitate and ensure that the efforts and resources spent by
developing countries to develop e-government systems can be fruitful. By
understanding the general status of e-government in developing countries,

eGSFs relevant to their conditions might be identified, understood and modelled
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appropriately. At the same time, it is necessary to be aware that there are huge
numbers of issues and challenges facing those countries.

2.5.2 Issues and challenges

In developing and implementing e-government, developing countries must
confront a significant degree and range of issues and challenges that hamper a
meaningful achievement of e-government development, for example “cost of
technology, lack of infrastructure, limited human capital and weak private sector”
(United Nations 2010: 4). Among those developing countries that have devoted
their effort or have been assisted by other countries to develop e-government
systems, they have had to experience various degrees of failure, despite the fact
that examples of e-government success can also be found (Krishna & Walsham
2005). The failure rate was estimated up to 80% (Heeks 2003). This can mean
total failure in that the development has never been implemented, or the e-
government is implemented but then immediately abandoned, or it can indicate
partial failure whereby the main goals cannot be realised (Heeks 2005b). For
example, an e-government project in Vietnam called Project 112 started in 2001
and finally ceased in 2007 without achieving its intended goals (Obi & Hai 2010),
or an e-government project to build a financial management system for the
central government in India was finally closed in 2009 after seven years’ effort
due to significant partial failure (De’ & Sarkar 2010). Specifically, many
developing countries’ e-government systems face sustainability issues (Islam &
Alawadhi 2008; Kimaro & Nhampossa 2005; Krishna & Walsham 2005; Kumar &
Best 2006; Nengomasha, McHombu & Ngulube 2010; Rashid & Rahman 2010)
in the sense that the systems have been successfully developed, implemented
and, at the beginning of their operational life, able to deliver services; then,

however, the level of services deteriorates over time and finally stops.

The challenges for developing countries to develop an e-government system
with fruitful achievements span a wide range of areas. Dada (2006), by reviewing
e-government literature and implementing an ITPOSMO framework, showed the
existence of significant gaps between the existing reality and the intended system
among the e-government systems of developing countries. These included the
ICT infrastructures, human resources, funding, IS development management,

government readiness, politics, law and regulation, private sectors and so on.
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The low level of telecommunication infrastructure as shown by the United
Nations E-Government Survey 2010 (United Nations 2010) and limited internet
penetration (International Telecommunication Union 2009) are significant
challenges when developing countries seek to take advantage of and reap
benefits from e-government. The immediate and clear impact of this condition is
a low level of utilisation of online services in developing countries (United Nations
2008), which might also indicate that the services provided fail to reach the
majority of citizens within that country. The available infrastructure is normally
concentrated in urban areas, which causes a digital divide problem (Sandor
2006): that is, information “haves and have nots”. This means that only a small
number of citizens can access as well as have skills enabling their effective use
of internet technology; in turn, few citizens can get benefit from an e-government
system (Sandor 2006) if the system is delivered through websites. Many of the
developing countries experience this problem including Jordan (Alhujran 2009),
Kazakhstan (Bhuiyan 2010) and Zambia (Joseph 2010).

Other significant challenges are that the education and the competence level
of human resources (including government organisation leaders or managers,
government employees and citizens) necessary for successful e-government
system development and implementation cannot be satisfied. For example,
knowledge about the potential benefits of an e-government system and a
commitment to satisfying the requirements for successful e-government
development and implementation on the part of many government decision-
makers were not present in an e-government system development in Namibia
(Nengomasha, McHombu & Ngulube 2010). Government employees with
specialised competence in IS who are responsible for IS management are not
fully available or cannot meet the level required to develop and implement an e-
government system, such as was the case with e-government system initiatives
in Vietham (Obi & Hai 2010), Cambodia (Sang, Lee & Lee 2009), or Namibia
(Nengomasha, McHombu & Ngulube 2010). Other challenges are a low level of
ICT knowledge or a high resistance to using the e-government system amongst
government employees who deliver government services to citizens (Obi & Hai
2010), and a low level of general ICT literacy among citizens (Abu-Shanab, Al-
Rub & Md Nor 2010; Islam & Alawadhi 2008; Sang, Lee & Lee 2009). In addition,
many developing countries also experience a high turnover rate of ICT-

competent employees such as in Cambodia (Sang, Lee & Lee 2009), or a high
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dependency on overseas consultants such as in Namibia (Nengomasha,
McHombu & Ngulube 2010). These human resource factors have been shown to
have significant impact on the sustainability of implemented e-government
systems (Best & Kumar 2008; Islam & Alawadhi 2008; Krishna & Walsham 2005;
Nengomasha, McHombu & Ngulube 2010; Rashid & Rahman 2010).

The limited availability of funding not only reduces a government’s ability to
develop a successful e-government system but also raises sustainability
problems (Best, Thakur & Kolko 2009; Kumar & Best 2006). More than that, the
e-government initiative also causes competing priority issues in terms of whether
e-government is really necessary for the country compared with basic need
fulfilment (Sang, Lee & Lee 2009).

Some other countries that have been putting efforts to develop an e-
government system have faced tough challenges in terms of managing IS
development projects (De’ & Sarkar 2010; Obi & Hai 2010), such as
inappropriate requirement analysis or approach, or over-ambitiousness in scope
and coverage. Further challenges may also come from legal and regulatory

requirements for establishing e-government system service delivery (Basu 2004).

This review indicates a wide range of issues and challenges currently faced
by developing countries that arguably prevent them from achieving a successful
e-government development. In order to be relevant to their context, any study in
eGSF should take these issues and challenges into account. Among many
issues and challenges revealed from the existing literature, the e-government
decision-makers or managers need to address themselves seriously to e-

government systems sustainability and human resources.

2.6 Research gap and scope

2.6.1 Research gap
The review of the literature led to conclusions about the existence of research

gap within existing research on the eGSFs. The main identified gap is:

e Lack of attention to the existence and importance of the relationships
between the e-government system success factors, especially feedback-

relationships.

38



A formal model of e-government success factors for developing countries:
Dynamic relationships of software maintenance and information system staff management

The review of the e-government success model literature has shown that
there was a limited amount of previous research of e-government success which
address the importance of the relationships between the success factors in
influencing the e-government system success. Many of the models developed by
previous studies are unable to address the complexity of the e-government
success factors in the sense that it is not only the individual and sets of factors
that promote the successful design, development and delivery of e-government
systems but also the relationships among the success factors. A similar
conclusion was also observed by Titah and Barki (2008) when they reviewed the
e-government adoption and acceptance factor literature. They recommended the
conceptual development of the interactions and complex relationships of these
factors from the multidimensional and multilevel point of view. The research that
described the relationships of the success factors (AIShihi 2006: 214) did not
present at an operational and detailed level how the factors relate to e-
government success. The literature review indicates that a formal model which
presents the relationships between the success factors in influencing e-
government system success in systemic and dynamic fashion is very rare. This is
especially more noticeable in the context of e-government system sustainability

in developing countries.

Specifically, there is a paucity of research on the success factor relationships
when the e-government success is associated with the review and maintenance
stage of an e-government system life cycle. The existing literature indicated that
much of the previous research on e-government success factors focuses on the
development of e-government systems either from the supply or demand side.
Previous research mostly investigated and modelled factors, attributes and
measures that have led to e-government development success but ignored the
fact that once the system is in operational phase various problems, application
errors and new organisational or user requirements can come to the surface,
threatening the development’s success — a threat that can even discontinue
service delivery in the worst case. The new requirements, originating from
unavoidable organisational, legal or environmental change, need to be
addressed and adopted over time. Lack of ability to address these issues could
jeopardise a successful e-government system development that might have been
achieved at the outset. Accordingly, a success factor relationships model that

addresses e-government system success at the review and maintenance phase
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of the life cycle needs to be developed, especially a model that is relevant,
appropriate to and useful for the conditions in developing countries.

In addition, much e-government success factors research does not pay much
attention to the holistic view of high-level success factors (supply side). The
literature review has indicated that the e-government system success factors are
myriad and cover a very broad range. The existing literature has provided models
of high-level success factors or categorised the success factors into constructs.
However, research attention to a model that provides a thorough and holistic
view of the success factors, especially from the supply side, is lacking. This
research argues that the lack of a holistic view could mislead e-government
systems stakeholders in developing and implementing the system to focus only
on particular angles and ignore or be unaware of the existence of other factors
that could also significantly affect success. Therefore, this suggests a need to
develop a high-level success factors model capable of providing a holistic view
from the supply side. In particular, attention to the external success factors is

lacking.

2.6.2 Research aim and scope

Based on the identified research gaps, this study broadly aims at developing
a formal relationship model of the eGSFs. It attempts to reveal how the success
factors relate to each other in influencing the success of e-government over time.
While the study tries to fill a gap, it is also a response to Scholl (2007: 75) who
emphasised that “central research questions in EG [e-government]: ... , have to address
their complex interrelationships and the processes between them”, and underlines the
importance of considering the impact of time or the dynamic nature of the

relationships.

In addition to the identified research gaps, by referring to the e-government
system life cycle this study will focus on the last phase of the life cycle: review
and maintenance. Within this phase it is of paramount importance to ensure that
the implemented e-government system can be maintained successfully to a
particular level in such a way that it achieves the successful delivering
government services over a long period as intended. Accordingly, by confining
the scope to this phase this research assumes that the e-government systems, to

a certain extent, have been successfully developed.
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A formal model of the feedback relationships of more detailed success factors
within this scope that lead to the success of e-government will be developed.
However, to provide the context of the relationship model within the broad range
of success factors, a high-level success factor model will first be developed;
therefore, the model also acknowledges a holistic view of the success factors.

2.7 Summary

This chapter has presented a review of the literature concerning the nature
and importance of e-government systems. The study defines e-government
systems by embracing the IS concept underlining the importance of the socio-
technical view. The description of e-government system forms, the stage model
of e-government system advancement and types of applications acknowledges
the fact that an e-government system is a complex phenomenon. This complexity
was emphasised by previous research which indicated the existence of complex
feedback relationships amongst various e-government system components.
Though it is a complex system, an e-government success promises many

significant benefits to both government and citizens.

The success of an e-government system has been defined by considering the
importance of the sustainability of the quality system, information and services,
highlighting the role of the review and maintenance phase in ensuring long-

lasting success.

Various eGSF models, categorised according to level of abstraction of the
success factors, have been reviewed. These models indicated that the success
factors are numerous across a broad of aspects. The review has identified that
much of the research considered e-government success factors influencing e-
government success in a one-way and linear direction, distinguishing dependent
and independent factors. Much of the previous research did not adopt feedback
relationships of the success factors and the dynamic nature of the relationships

within their models.

Most developing countries face more difficult issues and challenges than do
developed ones because they have to invest in all three of the UN e-government
development dimensions: “online services, telecommunication infrastructure, and

education” (Popovi¢, Atlag¢é & Kovacevi¢c 2001: 60). E-government system

41



A formal model of e-government success factors for developing countries:
Dynamic relationships of software maintenance and information system staff management

sustainability is one of the crucial problems facing developing countries. Among
many factors, human resources have been shown to be of paramount importance

in ensuring e-government system sustainability.

The next chapter, Chapter 3, will further review the eGSFs literature,
revealing its wide dimensions and complexity. This section will present the wide
range of factors or constructs that are deemed important in order to achieve e-
government success and indicates relationships among them. Further, by
drawing a particular eGSF from this broad dimension and associating it with the
research aims and scope, Chapter 3 will also review and present the concept,
elements and process of software maintenance. The interdependence within and
among these elements and processes will also be identified using the literature
from the software engineering field as its main source. Finally, Chapter 3 will
address and examine the importance of human resources, and other factors
associated with it, for e-government success, especially the internal employees
with specific skills and knowledge. A well-known theory that was widely
implemented to investigate human resource performance and other factors
associated with internal personnel will be reviewed, and how these factors relate

to each other leading to e-government success will also be sought and revealed.
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Chapter 3 E-government Success Factors

Relationships

3.1 Introduction

This chapter explores and presents the eGSF relationships indicated in
previous research. The review of various existing literature focuses on identifying
the relationships between the identified eGSFs. This review will identify these
relationships from a variety of previous (separate) studies and put the identified
relationships together to reveal how success factors relate to each other in
influencing e-government success. This is in response to the identified gap found
in the previous chapter that there has been a lack of attention in previous
research with regard to the importance of the relationships between the eGSFs.

The literature review of the eGSFs relationships is organised as follows.

This chapter first explores the existing eGSFs literature to reveal the broad
nature of eGSF dimensions and the existence of complex relationships among
the eGSFs. Along with reviewing previous literature, the beginning of this chapter
also attempts to organise the dimensions of the identified eGSFs and their
relationships according to whether those eGSFs are high level or low level. The
description of the eGSFs’ dimensions provides context to a specific dimension
study. Based on this presentation, two specific subsets of the eGSFs’ broad
dimensions are chosen as the focus of this eGSFs relationships study along with
the justification for this selection. These subsets are software maintenance and

information systems staff domains.

Next, software maintenance concepts, elements and processes are
presented and reviewed. Factors and their relationships within the SM domain
that determine software availability over time are revealed from the existing
literature. As described in the e-government success definition adopted by this
study, success is defined through e-government system sustainability and one of
the determinant components is software availability over time, or software

sustainability.

Finally, the success factors and relationships from the IS staff domain that

influence SM performance are presented and reviewed. However, as any study
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related to human resources will cover very broad aspects, this study focuses its
literature review mainly on factors related to motivation, competence and

availability.

3.2 E-government success factors

3.2.1 Introduction

This section presents the identification and organisation of the eGSFs, which
were identified through the reviews of the literature on e-government success. In
this identification, the selection of the eGSF literature was not confined to the
working definition of e-government success, nor to the issue of sustainability. The
selection was also not limited to the literature that is associated with e-
government in developing countries. This broad selection is aimed at obtaining a
wide insight from various resources; therefore the review and identification did

not focus on a particular domain.

The review has been able to identify a large number of eGSFs which can be
viewed as originating from a number of different domains. Considering this view,
the identified eGSFs are then categorised in such a way that a category
represents a particular high-level eGSF. Using the existing e-government
literature, the organisation of the eGSFs is undertaken in a top-down manner.
Accordingly, the presentation begins with describing high-level success factors
and is followed by the description of the success factors within each of these

categories.

In addition to the identification and organisation of the eGSFs, this section
also presents possible relationships among them, as indicated by previous e-
government literature. This is considered important for giving the preliminary
broad insight that, if the identified relationships are put together, complex
relationships between the eGSFs emerge and are observable. However, as the
identification covers a broad range of eGSFs, the possible relationships are not

pursued in detail.

3.2.2 High-level success factors
The literature review in Chapter 2 has shown that a number of high-level
success factors have been used to conceptualise the eGSFs; but it suggested

the need to organise the eGSFs in a relatively simple way that is nonetheless
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capable of providing a holistic view from the supply side. In response to this
need and upon reviewing the e-government literature related to e-government
success and failure, adoption and diffusion, this study argues that there are four
high-level categories of eGSFs.

The first category is derived from AIShihi’'s (2006) description regarding
issues and outcomes of the e-government system life-cycle. AlShihi argued that
there exist adoption success factors that play critical roles and provide
fundamental support from the inception of an e-government system through the
rest of its life-cycle phases. The existence of these success factors is crucial and
cannot cease at any time if e-government success is to be ensured. This
category encapsulates all success factors that drive the initiation and govern the

development and operation of an e-government system, leading to its success.

The second and third categories are inferred from Beynon-Davies’s (2007)
proposed meta-model of e-government. The meta-model consists of two
dimensions: vertical and horizontal. The vertical dimension encapsulates “human
activity infrastructure and informatics infrastructure” and the horizontal dimension
sums up two inter-related aspects: “business model and value-creating system” that
are associated with human activity infrastructure (Beynon-Davies 2007: 8). These
two proposed dimensions of e-government are used to encapsulate the eGSFs
that correspond to the vertical and horizontal dimensions, hence the second and
third high-level eGSF categories. The second category associates all success
factors necessary to ensure the achievement of a quality 1S. They consist of
success factors in relation to internal ICT infrastructure management to support
activities in delivering services and values to the consumers of an e-government
system. The third category summarises all success factors required to attain
quality e-government service delivery. These success factors are concerned with

creating and delivering value and services to the government’s customers.

The fourth category summarises all success factors associated with the
external environment of an e-government system. Much of the previous literature
(Heeks 2005b) has indicated that these success factors, which deal with external
entities or activities, play an important role in the success of an e-government
system. The existence of these entities or activities is not part of government

organisations.
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These four categories of success factors can be named: Driving and
Governing Factors, Information Systems Management, Service Delivery
Management and External Environment Factors. These high-level success
factors can be broken down into their corresponding component success factors.

3.2.3 Driving and governing factors
A number of success factors identified by previous studies can be

categorised as Driving and Governing Factors.

Most research indicated that leadership is one of the most important success
factors (Furuholt & Wahid 2008; Krishna & Walsham 2005; Lal & Haleem 2009;
Luk 2009; Rashid & Rahman 2010; Weerakkody, El-Haddadeh & Al-Shafi 2011)
for any type of e-government system at any level. This is so because the
leadership makes “go or no-go” decisions and determines the direction of an e-
government system (Weerakkody, El-Haddadeh & Al-Shafi 2011). Examples of
attributes that indicate the importance of this success factor are strong political
leadership (Furuholt & Wahid 2008; Lal & Haleem 2009) and transformational
leadership (Shi 2002). In addition to its existence, the leadership success factor
has been shown to have a significant influence, directly and indirectly, on many
other factors (Lal & Haleem 2009; Prybutok, Zhang & Ryan 2008). Krishna and
Walsham (2005) showed that leadership influences e-government system
sustainability. It also influences organisational culture and structure (Furuholt &
Wahid 2008). Willingness of the leaders at various levels to reduce their authority
(Hesson 2007) will affect the willingness of the staff to reduce their authority also

in delivering services to citizens (Bhatnagar 2002; Hesson 2007).

In addition to leadership, politics has also been considered as a significant
factor for e-government system success (Furuholt & Wahid 2008; Gauld 2007;
Gil-Garcia 2006; Gil-Garcia & Pardo 2005; Jansen 2011; Weerakkody, El-
Haddadeh & Al-Shafi 2011). For example, political pressures and interference
with the e-government system development process have been identified as one
of the factors that caused an e-government system failure in New Zealand (Gauld
2007); political parliamentary support is required for an e-government system
initiative (Furuholt & Wahid 2008). As one of important success factors, politics is

closely related to the leadership success factor (Krishna & Walsham 2005).
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Politics also affects law and regulation enactment (Weerakkody, El-Haddadeh &
Al-Shafi 2011).

Much e-government research has indicated that law and regulation is an
essential success factor for e-government success. It is required by the
government, for example, to adopt new technologies (Anonymous 2005;
Bhatnagar 2004), to establish a new e-government system unit which is a means
of institutionalising an e-government system (Furuholt & Wahid 2008) and to
create a new mode of government service delivery (Luk 2009). It is also needed
to stipulate standards regarding ICT, data and information, and procedures (Gil-
Garcia & Pardo 2005), or to ensure compliance with privacy and security
requirements (Basu 2004). From this example, it can be inferred that law and
regulation can influence the design of an e-government system. In addition, for
government organisations, law could be used or even required to justify funding
which, along with institutionalisation, can ensure the sustainability of e-

government.

The role of funding for e-government system success is obvious. On a broad
level, there is a significance difference in the achievement level of the UN’s e-
government development index between high-income and low-income
developing countries (United Nations 2010). Examples of funding success factor
attributes are: justification for return on investment of fund spending (Coursey &
Norris 2008; Schwester 2009), finance availability and sustainability (Kumar &
Best 2006; Weerakkody, El-Haddadeh & Al-Shafi 2011) and innovative funding
schemes, especially within the private sectors (Heeks & Davies 2001; Hosman &
Fife 2008). In affecting the success of e-government systems, funding is closely
related to the strategic planning success factor as well as to many other success

factors.

E-government system strategic planning is another very important success
factor (Anonymous 2005; Bhatnagar 2004; Prybutok, Zhang & Ryan 2008; United
Nations 2010). One attribute of this factor is a national ICT strategy (United
Nations 2010), which might depend on law and regulation and political support.
The strategic planning should address the scale of the project (Bhatnagar 2004;
Gauld 2007), which certainly affects funding. It also should include the

arrangement of stakeholders’ and agencies’ relationships (Bhatnagar 2002; Luk
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2009), a clear-cut plan (Bhatnagar 2004), and explicit development milestones
and measurable deliverables (Gil-Garcia & Pardo 2005; Prybutok, Zhang & Ryan
2008), as well as consideration of the sustainability issue (Furuholt & Wahid
2008; Kumar & Best 2006; Wood-Harper, Ibrahim & Ithnin 2004). This strategic
planning success factor may well be influenced by the e-government system
leadership (Prybutok, Zhang & Ryan 2008) and leader’s vision.

Vision is an e-government system success factor normally attributed to the e-
government system leader. This factor’s attributes include a clear vision (Furuholt
& Wahid 2008; Krishna & Walsham 2005), a realistic vision (Gauld 2007) and a

shareable vision (Krishna & Walsham 2005) on the part of the leader.

In sum, this Driving and Governing factor can be broken down into lower-level
e-government success factors: leadership; politics; law and regulation; funding;
strategic planning; and vision. The significant role of the attributes of these
success factors in achieving e-government success has been shown by many
previous studies. While these success factors directly or indirectly influence e-
government success, they also affect or are affected by other success factors,

thus indicating the existence of relationships between the success factors.

3.2.4 Information systems management factor

Referring to McNurlin and Sprague Jr (2006, Ch. 1), IS management
associates with information technology (IT) infrastructure; IS development and
delivery; IS staff; and IS organisation.

The IT infrastructure that includes software, hardware and computer networks
is a necessary condition in order for government processes and services delivery
to become an e-government system. The attributes of this factor that can lead to
e-government system success comprise the degree of technology complexity
(Schwester 2009), appropriateness of the chosen technology to the goals and
objectives (Bhatnagar 2004), and availability of the software and hardware to
support the e-government system, as well as reliability of the computer network
technology (Best & Kumar 2008; Coursey & Norris 2008; Hussein, Karim &
Selamat 2007). These attributes arguably relate to other success factors.
Appropriate technology selection depends on the e-government system goals

and objectives embodied in the strategic planning. Further, the software and
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hardware availability will depend on the funding, and the computer network
reliability will influence service delivery (AIShihi 2006; Best & Kumar 2008).

There has been much research on the development and maintenance of e-
government application systems to identify the attributes that lead to e-
government success. That research has found that the system should be
designed such that the users can easily use it (Gil-Garcia & Pardo 2005) and
improve their attitude and skills towards the application system itself (Heeks
2005b); it should also involve the system users during the application system
development (Heeks & Davies 2001). The system is also expected to produce
quality information (Hussein, Karim & Selamat 2007). To achieve success in an
e-government system project development, which is expected to result in an
application system as intended, Rosacker and Olson (2008) found empirically
that project mission, top management support, project schedules, etc. are
important success factors. Inevitably, any implemented e-government systems
need continuous maintenance (Cheng, Huang & Peng 2010; Moon 2002), which
can involve huge amounts of resource over years (Pokharel & Park 2009;
Tolbert, Mossberger & McNeal 2008).

Another very important success factor is staff with specialised competence in
ICT. For instance, Coursey and Norris (2008), Reddick (2004), Gil-Garcia (2006)
and Schwester (2009) considered that the availability of an appropriate number
of full-time staff significantly influences the success of local e-government
systems in the US. Further, the availability of appropriate skills for ICT problem
resolution among internal ICT staff is a necessary success factor (Heeks &
Bhatnagar 2001; Hussein, Karim & Selamat 2007; Lal & Haleem 2009; Rashid &
Rahman 2010). Also, training to maintain ICT staff competence is necessary
(Furuholt & Wahid 2008; Gil-Garcia 2006). On the other hand, turnover of this
type of staff (Sang, Lee & Lee 2009) and a dependence on expatriate ICT-skilled
employees (Heeks 2005a; Nengomasha, McHombu & Ngulube 2010) could

jeopardise the sustainability of the system.

Furuholt and Wahid (2008) found that the establishment of an e-government
system unit specifically to organise or manage the IT infrastructure, 1S project
development and IT staff plays a significant role in realising e-government

success. The managerial capability of IT management is considered to be one of

49



A formal model of e-government success factors for developing countries:
Dynamic relationships of software maintenance and information system staff management

the success factors by Kamal (2006). The organisational factor has been
empirically found to be significant in influencing e-government success, and this
factor is affected by an institutional arrangement which in turn is influenced by
demographic, political association and economic conditions (Gil-Garcia 2005).
Another example of the success factor within this category and its relationship
with other success factors was empirically shown by Hussein et al. (2007), who
found that resource allocation has positive relationships with system quality,

information quality, perceived usefulness of the system and user satisfaction.

In sum, various low-level success factors within Information Systems
Management can be organised into IT infrastructure, application system
development and maintenance, internal ICT-skilled staff and IS organisation. The
reviews of literature have shown that success factors within this high-level factor
relate to each other and eventually determine e-government success. These
success factors are also influenced by those from other high-level success

factors.

3.2.5 Service delivery management factor

Normally, an e-government system is utilised by government organisations or
units to deliver services to citizens. Various success factors found in the extant
research within this category can be associated with the organisational success
factor. As is widely acknowledged in the management IS field, in order to realise
e-government success, most likely an implementation of an e-government
system requires organisational changes. For example, change management is
required (Grabow, Druke & Siegfried 2004; Lal & Haleem 2009) to ensure that
the organisational change due to the implementation of an e-government system
can take place with less cost. The implementation of an e-government system will
affect and be affected by the organisational culture (Furuholt & Wahid 2008), the
organisational structure (Furuholt & Wahid 2008; Heeks & Davies 2001) and the
organisational diversity (Gil-Garcia & Pardo 2005). Proper implementation also
needs collaboration and coordination among the government’s departments
(Coursey & Norris 2008; Ndou 2004), which in turn necessitates departmental
ownership of the e-government system (Bhatnagar 2002). Change management
will be influenced by the leadership factor, and collaboration and coordination

depend on a shared vision (Luk 2009). Organisational diversity affects the
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application and computer network system design, which in turn impact the
system quality (AlShihi 2006) as well as funding.

In addition to the organisational success factor, much of the previous
research also found that the human resources operating the e-government
system to deliver services is a critical success factor. In relation to this success
factor, among many attributes, staff’s loyalty or resistance (Anonymous 2005;
Bhatnagar 2002; Coursey & Norris 2008; Furuholt & Wahid 2008; Gil-Garcia &
Pardo 2005; Krishna & Walsham 2005; Schwester 2009), employees’ fear of
being fired and stress about doing new jobs (Heeks & Davies 2001) and staff's
willingness to reduce authority when dealing with citizens (Bhathagar 2002;
Hesson 2007; Ndou 2004) are considered some of the most important ones,
mainly in developing countries. Extant literature has indicated how to overcome
this problem. For example, the staff should be involved from the very beginning
of the e-government development process (Furuholt & Wahid 2008; Gil-Garcia &
Pardo 2005; Papantoniou et al. 2001; Wood-Harper, Ibrahim & Ithnin 2004) and
provided with incentives (Anonymous 2005). In addition, how staff values formal
information resulting from the e-government systems (Heeks & Davies 2001) and
the degree of uniformity of users (Gil-Garcia & Pardo 2005) also affect e-
government success. Further, staff literacy or skills in ICT (AIShihi 2006; Furuholt
& Wahid 2008; Heeks 2005a; Krishna & Walsham 2005; Ndou 2004), especially
at managerial levels or among key staff (Furuholt & Wahid 2008; Hussein et al.
2007; Ndou 2004), are other success factors related to human resources.
Therefore, training for staff is necessary not only for e-government applications
(Bhatnagar 2002) but also for service quality (Furuholt & Wahid 2008).

In brief, from reviewing the success factors within this high-level factor
category, this study concludes that there are two lower-level success factors:
organisation and service delivery human resources. Past studies have also
indicated various relationships between the success factors within these two

categories, as well as with other success factors in other categories.

3.2.6 External environment factor
The most important external entity relative to an e-government system is the
citizens (and business) that will ultimately determine whether or not an e-

government system achieves success. Among many aspects that relate to the
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citizens are awareness about the existence of e-government system services,
and understanding the benefits of an e-government system. For this purpose,
marketing activities are important success factors. They are needed so that
citizens are aware not only of the existence of the e-government system but also
of new ways to deal with the government (AIShihi 2006; Bhatnagar 2004; Ndou
2004; Wood-Harper, Ibrahim & Ithnin 2004). In addition, educating the public
about the benefits of using the e-government system (Druke 2005; Heeks &
Davies 2001) is an important success factor. Further, Tan and Pan (2003) found
that involving citizens during the development process is an important success
factor. In this case, the leader of the e-government system initiative considered
that “customer” feedback is an invaluable factor for e-government success.
Citizens who are aware and understand may adopt and use the system to obtain
government services and then be satisfied. However, recurrent use of the e-
government system depends on many factors, such as the degree of usefulness
of the system, which in turn depends on system, information and service quality
(DeLone & McLean 2003).

Some research showed that cooperation with private sectors is a significant
factor in achieving e-government success. A variety of forms and aspects of
cooperation can be designed and implemented which include funding, expertise
and training provision by private companies (Grabow, Druke & Siegfried 2004).
Also, private companies may develop and maintain the infrastructure and system,
receiving a reasonable fee from government—citizen transactions (Gil-Garcia
2005; Hosman & Fife 2008; Krishna & Walsham 2005). Furthermore, private
companies or other organisations could help the government by providing
consultancy regarding the development of e-government (Heeks 2005a).
Cooperation between government and private companies is normally
implemented as a contract legally binding to both parties. Therefore it requires
the availability of a legal framework which, in turn, needs political support. In
addition, the government also needs skilled staff with understanding of both legal

and technical aspects.

Mainly in developing countries, the regular availability of electricity and the
availability and reliability of the communication network infrastructure become
important success factors for e-government (Heeks 2005a; Heeks & Davies

2001). Moreover, the ability of the government to cope with ever-changing ICT is
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another factor in e-government success (Heeks & Davies 2001; Schwester
2009). A lack of general ICT infrastructure greatly contributes to a low level of e-
government achievement in developing countries (United Nations 2010). ICT
advancement adversely affects the competence level of ICT staff and the IT
infrastructure. This means regular training for ICT staff is necessary, which in turn
depends on funding. Regular upgrading is also necessary for the infrastructure,

which also means a funding expense.

Factors such as the “me too” attitude of government leaders could play an
important role, negatively or positively, in achieving e-government success
(Heeks & Davies 2001). The demands of citizens or private companies for e-
government could encourage the government leader to attain success in e-
government. On the other hand, citizens could be unwilling to change the way
they access government services, hence preventing e-government from

successful development and implementation (Coursey & Norris 2008).

General economic conditions as well as demographic aspects also determine
e-government success (Gil-Garcia 2006). Leenes (2004) explained that, for the
local government level with few inhabitants, the development of a complex e-
government system is economically an unbearable burden. In other words, a
local government level with a larger population is more likely to be successful in
terms of the delivered services (Schwester 2009). Greater population can mean
more economic potential capability, which also means more tax collected,
therefore more funding availability. Greater population can also mean a larger
work volume for government staff; therefore it is more urgent to streamline the

processes and procedures.

To summarise, the high-level external environment factor can be further
divided into several low-level success factors: marketing and education to the
“customer”; general electricity and ICT infrastructure; cooperation arrangements
with private companies; socio-economic conditions; and other success factors.
The review also indicates co-dependencies of the success factors within this

high-level category and with other factors in other categories.

3.2.7 Software maintenance and information systems staff factors
The previous sections have presented and suggested an organisation of a

wide range of eGSFs and their relationships. Considering this wide range of
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success factors and the limited resources and time available, detailed
investigations of the relationships between all of the eGSFs will be unfeasible.
The usefulness of this kind of study is also questionable. Therefore, assisted by
the organisation of the eGSFs provided in a previous section, this study will focus
on two specific low-level success factors. This subsection describes these factors
and presents the reason for their selection.

First, this study will focus on the success factors within the Information
Systems Management high-level factor. As was argued in the development of the
e-government working definition, the e-government decision-makers or managers
must be aware that e-government is an IS which integrates a variety of different
interdependent elements, in addition to paying attention to a variety of other
specific success factors. So, this study argues that the management of these
interdependent elements of the IS is necessary to guarantee e-government

Success.

Second, as suggested by the identified research gap and the critical role of
internal ICT-competent staff, especially for developing countries, this study
further narrows down its scope into two low-level success factors: the software
maintenance and IS staff management. These are two subsets of the Information
Systems Management high-level success factors within which the elementary
level of eGSFs along with their relationships will be investigated. The reason for

choosing these two will be elaborated as follows.

Software is a necessary condition for any e-government system. Heeks
(2005b) considered software as an integral part of his ITPOSMO design-reality
gap framework. In order to ensure e-government success, Heeks urged e-
government decision-makers or managers to evaluate the gap between the
design and reality of the e-government technology — software, hardware and
network — among seven high-level success factors or ITPOSMO. If the gap is
wide, policy and actions should be taken before the e-government development
is continued. Further, Heeks emphasised that it is necessary for an e-government
system to have software which possesses characteristics enabling the
achievement of e-government success, in addition to other important success
factors. As a necessary condition for an e-government, the role of various

different types of e-government software was also highlighted by Ebrahim and
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Irani (2005) in their proposed e-government architecture. In this proposal, in
which a number of types of e-government software connect the e-government
infrastructure and many different e-government user interfaces, they showed the
indispensible role of e-government software in aligning government service
delivery processes and transactions. They also showed that optimum
implementation of e-government software enables efficient and effective
communication, data and information sharing and processing, and collaboration
across the government’s units as well as allowing efficient information retrieval

and transactions for the e-government users.

As was indicated in the review of previous studies and referring to the e-
government life-cycle presented in Chapter 2, the software life-cycle consists of
two different stages: development and maintenance. However, as reviewed in
the previous section and identified as a research gap, most eGSFs studies focus
on the development stage of e-government but lack attention to the success
factors in association with or as part of the review and maintenance stage; see
Tsai, Choi and Perry (2009) and Patel and Zu (2009) for further examples. More
specifically, there was a lack of attention to e-government systems maintenance,
that is, when the e-government application systems software needs some
changes or correction (Heeks 2005b).

On the other hand, it was found and concluded by Melin and Axelsson
(2009), after studying two e-government case studies, that systems maintenance
is an important success factor and attention to maintenance should be paid from
the early stage of an e-government project. The importance of this stage was
also emphasised by Heeks (2005b: 260): “maintenance is not only a management
challenge, but an activity that begins to absorb more IT staff and budget than new
systems development.” Further, “[clompared to software development, software
maintenance has more impact on the well-being of an organization” (van Vliet 2008:
462).

Few e-government studies are known to have addressed e-government SM.
Among these few are Gibson and McGaley’s (2008) study on an e-voting system.
The study was undertaken as they acknowledged the fact that this system is
prone to human error and creeping user requirements, and should always
accommodate the introduction of new laws, election types or technology. This

system therefore requires SM, which should result in a trusted system. In their
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study, in order that the e-voting system is trusted, they proposed that as a result
of implemented maintenance the system should be certified. Gibson and
McGaley’s study focused on creating and implementing maintenance standards
such that the resulting e-voting software can be trusted. From a different
perspective, inability to maintain the software can result in the abandonment of

an e-government system.

In addition to e-government SM, staff with specialised skills in IS along with
its various attributes has been well acknowledged to be one of the e-government
success determinant factors by many of the previous studies reviewed in the
previous subsection. For further example, Heeks’ (2005b) ITPOSMO places the
staff and their skills in an e-government system as one of the key eGSFs that
must be evaluated to ensure that the gap between the system design and its
reality does not jeopardise e-government success. However, the relationships of
eGSFs within this domain and with other eGSFs within the SM domain have not

been explored.

By focusing on these two comparatively low-level eGSFs, a relatively
elementary level of the eGSFs will be explored and reviewed, and the
relationships of the eGSFs within and between these two domains will also be

examined and reviewed.

3.2.8 Summary

This literature review has shown the wide range of eGSFs, which can be
organised into four broad or high-level success factors: Driving and Governing
factor; Information Systems Management, Service Delivery Management, and
External Environment factor. The review also suggests that each of these high-
level success factors can be further organised into low-level categories. At this
low level, various possible elementary success factors from different perspectives
have been identified. As also underlined by Druke (2005) in regard to the set of
success factors for local government identified by Grabow, Druke and Siegfried
(2004), various eGSFs are not equally critical, although they are important in
achieving e-government success. Priority should be given to the eGSFs which
are critical in a particular situation or level of e-government, while at the same
time being aware of many possible success factors that might affect that critical
eGSF.
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In addition to organising the eGSFs, this review has indicated the existence of
relationships among the eGSFs and underlined the complexity of the
relationships between them, which in previous studies have not been much
explored. The relationships indicated by this review link various success factors
between different high-level or low-level success factors, as well as within the
same high-level or low-level success factors. Further, Druke (2005) stressed that
it is the relationships between the eGSFs that can make them play their roles

effectively.

These eGSFs identified from previous studies have indicated that they relate
to each other, they form a large set of eGSFs as a whole, and the eGSFs have
different leverage levels depending on the context, stage or level of the e-
government system. Therefore, based on these attributes the eGSFs
characterise themselves as a system and the high-level eGSFs can be
considered as subsystems (Myers & Kaposi 2004). Considering this broad
coverage of the eGSF system and the restrictions of resources and time,
studying the whole system will be an impossible undertaking. Guided by the aims
and scope of the study, this research will be focused on two relatively low-level

success factors or sub-subsystems:

e software maintenance; and

¢ information systems staff.

These two low-level success factors are subsets of the IS management high-
level success factor. The identified success factors along with their relationships
become a subsystem of the broader eGSFs system which, from this subsystem

perspective, is expected to be able to explain e-government success.

3.3 Software maintenance

3.3.1 Introduction

This section presents the literature review of SM, which aims at
understanding SM itself; reasons for maintenance necessities; differences
between software development and maintenance; process, classification and
phases of maintenance; and impact of maintenance. Having reviewed these

aspects of SM the elements, processes and relationships within and between
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these two can be mapped to understand how SM can ensure e-government
success through the dynamic of e-government software availability.

The review concerns SM in general and is not specifically associated with e-
government systems. However, as an e-government system is a subsystem of a

wider IS, the review also applies to any e-government system.

3.3.2 Role of effective software maintenance for e-government
success

As mentioned in the previous chapter, as well as referring to the working
definition of e-government success one of the focal points of that success in
developing countries is sustainability. Previous research into e-government
sustainability in a developing country has shown that one important factor for this
sustainability is the sustainability of e-government IT (Kumar & Best 2006),
which consists of software, hardware and network.

Within the IS management area, the critical importance of focusing
management attention on the software and its sustainability has been well-
acknowledged by much of the literature. For example, in terms of the costs to
organisations of software for the whole system life-cycle, van Vliet (2008: 3)
stated that:

So the cost of software is of crucial importance. This concerns not only the
cost of developing the software, but also the cost of keeping the software
operational once it has been delivered to the customer. In the course of time,
hardware costs have decreased dramatically. Hardware costs now typically
comprise less than 20% of total expenditure ... The remaining 80%
comprises all non-hardware costs: the cost of programmers, analysts,
management, user training, secretarial help, etc.

Using the description of a sustainable quality e-government system in section
2.3.2, e-government software sustainability means the software is available to
perform its required purpose — that is, delivering government services for at least
a specified period of time after the software is developed and implemented. In
other words, this definition is about software availability over time. Software
availability is defined by Pressman (2005: 763) as the probability of the software
to perform its intended function at a particular time. Based on this definition,
logically, in order to be available the required software must exist in the sense

that it has been developed and is usable; the software’s features to perform the
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intended functions or to be used to deliver a (set of) particular service(s) must
also exist; and the existing features must be able to be used for the proper
delivery of its intended purposes as required. Practically, software availability
over time means that the e-government system “can adapt and change with
demand” (Elliman, Irani & Jackson 2007: 370) over time, in addition to
successfully overcoming system errors that may occur while delivering service. In
sum, e-government software can be unavailable because of software errors, or

the software features to deliver services not being available.

This description of software availability, which extends from the usual notions
of software availability that are limited to technical up-time or down-time due
solely to software error (Xiong, Xie & Ng 2011), has also been adopted and
implemented in evaluating IS service availability as studied and reported by Gaj
and Germani (2008). They argued that systems availability is increasing in its
level of importance and pointed out that a measurement of availability of an ICT-
based system by using the system’s up-time is no longer sufficient and therefore
should be extended to a wider concept of service availability. To measure service
availability within a particular time interval, they split services into subservices,
and each subservice in turn was divided into subservice components. They
formulated service availability as a function of the down-time of subservices and
subservice components. They also identified that maintenance of hardware,
software microcode and application software plays an important role in
minimising the down-time. By referring to the e-government system life-cycle,
achieving sustainable software is especially associated with, but is not limited to,
the last phase of the life-cycle when SM activities take place. The successful
maintenance activities are necessary in order to match with the required level of
software availability over a particular period of time. The fulfilment of this
requirement ensures longer lasting e-government success. Without maintenance,
e-government software will become obsolete in the face of the ever-improving
requirements and will be abandoned soon after implementation, hence failing to

operate and deliver services. This leads to e-government failure.

3.3.3 Understanding software maintenance

Definition. There is much literature providing definitions of SM: for example,
Edwards (1984), Swanson and Beath (1989), the IEEE Computer Society
(1998), and Pigoski (1997). Pigoski (1997: 9) provided some lists of this definition
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which he considered “after-the-fact” maintenance oriented, that is, the
maintenance that takes place once the software is ready to be used to deliver
organisational services. There is no basic difference between these definitions.
This study adopts the SM definition described by the IEEE Computer Society
(1998: 4), which defines SM as “modification of a software product after delivery to
correct faults, to improve performance or other attributes, or to adapt the product to a
modified environment.” This definition indicates that once a software development
project is completed and the systems start to operate, changes to the software
are inevitable due to problems within the software itself or emerging new
requirements from the system users or the organisation. The ability to satisfy the
required modification is necessary to ensure that the system is able to operate
and deliver services as was expressed by the system design created prior to
software development and according to users’ requests for improvements and to
organisational needs. Over time as the business process changes, the software
should be able to accommodate these changes (Lehman 1997 in Lehman et al.
1997).

The difference between software maintenance and development. In many
cases, SM means new software development, but much smaller in the scale of
activities or introduced software size. To clarify the difference between
maintenance works and new software development, Abran and Nguyenkim
(1993) characterised maintenance as:

e requiring mainly only one or two resources

e occurring randomly or not planned

o firstly reviewed to determine its priority

e managed under the annual budget

e putting the requests in a queue

e not using project management techniques to manage workload

e being more ‘“user-service-oriented” and “application-responsibility-

oriented”

e capable of increasing funding to raise service level but not to support a

specific request and

¢ needing less than 60 person-days to deliver a solution for a maintenance

work request.
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By comparing them to existing software and using quantitative criteria, Boehm
(1981) considered software engineering activities as maintenance if they
redesign or redevelop less than 50% of software products, or design and develop
software interfaces amounting to less than 20%, or modify software codes,
documentation or database structures. Furthermore, IS maintenance: a) requires
a high degree of functional integration of the system, because maintenance staff
should deal with a number of different aspects of the system; b) encompasses
“hardware, system software, application software, database system, security procedures,
users and other elements”; and c¢) can be triggered by external users, other

elements of the IS and by the elements of the system itself (Edwards 1984).

In essence, SM is unplanned changes of small-scale software developments

based on and implemented to the existing and operating software.

The significance of software maintenance. In addition to its significant role in
ensuring longer-lasting systems, the significance of the maintenance stage within
the IS life-cycle can be seen from the budget allocated for this purpose. Previous
studies in IS maintenance in general have reported that a large portion of 1S
budgets was allocated to maintain the system (Kaplan 2002 in Hoffer, George &
Valacich 2005; Klint, van der Storm & Vinju 2010). For example, the estimation of
maintenance costs over time ranged from 35% in the 1970s to 90% in the 1990s
in Bhatt et al.’s paper (2006). Considering overall IS budget allocation, system
maintenance accounted for 60%—80% in Huff’'s research (1990). Out of a total IS
department budget, 57% was for department operations and 33% for system and
programming and, out of this 33% budget, 70% was for maintenance in McNurlin
and Sprague Jr's book (2006). Although these figures are for the SM of IS in

general, they also inform the degree of significance of e-government SM.

3.3.4 Maintenance requests

Causes of software maintenance. Any SM activities start from a maintenance
request (MR). This study assumes that any need for maintenance, either to
correct faults, to improve functionality or to adapt to a new environment, will
always materialise as a maintenance request (MR). An MR is a request lodged
by IS users, either internal or external with respect to the organisation, or the
software maintainers themselves, with those who are responsible for the SM to

undertake the requested SM.
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There are several reasons for software needing maintenance:

o software development cannot produce error-free software

e ever-changing business-rule requirements and environment

e incomplete and new user requirements

e |T innovations and advancement

e SM activities themselves (Grubb & Takang 2003: 25)

¢ an incremental software development approach (Boehm & Lane 2007;
Tan et al. 2009).

It is well understood that software defects or bugs can escape from the
testing stage of software development (Abdel-Hamid & Madnick 1991; Pressman
2005). This volatility, caused by undetected errors during the development
stage, makes an information system subject to failure from time to time. Quite
often, new business problems or new business requirements emerge during the
post-implementation stage, which require system adjustments or enhancements.
Also, there are many occasions when users are unable to express their
requirements clearly and completely during development, or users need a more
user-friendly interface to make their job easier. Maintenance becomes
particularly important for a web-based IS (Hoffer, George & Valacich 2005). As a
website should be available continuously over time, persistent maintenance and
improvements are necessary. Preventing the website from being down and
having broken links, validating web-pages before publishing, re-registration to
search engines, recreating user interfaces and creating future editions as well as
updating information accessible from the website are maintenance activities
related to an e-government’s website. The evolutionary nature of hardware and
software technology also affects current software used by an organisation. The
IT environment where current software is operating might cause a necessary
adjustment to the software in order to keep it running smoothly. The ever-
changing nature of business requirements and IT place environmental pressure
on e-government software, so that even a maintenance activity conducted on the
current software may trigger other maintenance needs, especially the quick-fix
ones. In addition, the incremental approach in IS development, which is currently

the most adopted approach, necessitates continual maintenance over time.

This review indicates a number of sources for MRs, which can be categorised

as:
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e software development

e environmental pressure and

¢ the maintenance itself.
This source of SM influences software availability in delivering the required e-
government services. Inability to respond and cope with MRs causes the
degradation of software availability, hence the usefulness of the e-government.
To a certain extent, this degradation can cause the overall e-government to be
unavailable to deliver the majority of its intended services, hence rendering it
unsustainable. The ability of the organisation to respond and cope with MRs,
among other things, greatly depends on SM or IS staff which, together with its

associated factors and relationships, will be explored in section 3.4.

Software complexity and MRs. The complexity of software depends on the
design and implementation of software project development, as well as on
completed maintenance accumulated over time. Much research on software
engineering has shown that the degree of software complexity affects the number
of software faults, which in turn influence the level of MRs.

There are various IS attributes associated with software complexity, such as
computing distribution, computing environment and component variety
(Schneberger 1995). Especially in terms of the software, its complexity can be
determined from its dynamic complexity, coordinative complexity (Banker, Davis
& Slaughter 1998), source line of code (SLOC) or function points (Ahn et al.
2003). Because of its simplicity and intuitive meaning, the number of SLOCs has
been investigated by many studies to predict the number of faults, such as by
Andersson and Runeson (2007), Jorgensen (1995), Lucia, Pompella and
Stefanucci (2005), Ostrand, Weyuker and Bell (2005) and Zhang (2009).
Although the evidence varies across the system software investigated as to the
existence of the relationships between the number of the SLOCs and the number
of faults, Andersson and Runeson (2007) indicated that within some software
applications the SLOCs can be used to predict faults. Other studies investigating
other software have supported this claim. Zhang (2009), using the Weibull
distribution model, showed that there is a relationship between the SLOCs of the
software module and the number of defects. Zhang’'s study demonstrated that
“larger modules tend to have more defects”: the first 20% largest modules contain

60.62% of post-release faults and 70%—-95% of the total number of faults can be
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estimated by the defect density of the top 10% largest modules. Ostrand,
Weyuker and Bell (2005: 346, 9), by employing a negative binomial regression
model, showed that “the number of faults is proportional to the number of lines of
code” and claimed that, even using their highly simplified model with only SLOC
data as the predictor, “the model generally predicts a large number of faults for large

files.” This simplified model formulation is
number of faults = exp( -1.636 + 1.047 * log(SLOC))

while the complete formulation of this negative binomial regression model
comprises the number of faults as the dependent variable and the log (kilo
SLOC), square roots of prior faults, age of files, three variables on file-status, a
number of variables on type of program, and variables on released number of the

program as the independent ones.

There is much literature on closed-developed software indicating that the
time-series pattern of reported faults or maintenance requests is decreasing and
leads to zero at the end of the software lifetime, and there is a jump in the MR
number soon after a release of software or software upgrade; see for example
Burch and Kung (1997), Lee and Jefferson (2005) and Ng, Gable and Chan
(2002). In contrast, for open-developed software, reviews of some literature
analysing time-series data of the reported faults (Antoniol et al. 2008; Banker et
al. 1993; Lucia, Pompella & Stefanucci 2005; Ng, Gable & Chan 2002; Raja, Hale
& Hale 2009) indicated that there is no specific prevalent pattern depicted by the
time-series plot of maintenance request frequency data, such as continuous
decline or incline, either linear or exponential or seasonal, that applies for all
types of software systems. Rather, the patterns seem inconsistent across the

open-developed application software.

In essence, the more complex the software, the higher the level of MRs; on
the other hand, the farther the existing software from its release time, the lower

the MR level. This is especially common in closed-developed software.

Unfulfilled and recurrent maintenance requests. It is possible that some MRs
cannot be fulfilled because of a change in priority, unsolved faults, and infeasible
requests, cancellations or other causes. All of these possibilities, consequently,

can be additional sources of MRs because the users are likely to repeat the
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request. The data from an empirical case study showed that this accounts for
12% of total MRs (Jorgensen 1995). This fact indicates that the level of software
availability cannot be perfect, assuming that this unfulfilled request is less critical.

It is also possible that, as in any software development project, software
faults go undetected and escape from the testing phase of the maintenance. So,
in addition to unfulfiled maintenance requests caused by operational
maintenance management problems, any implemented SM (namely the
maintenance itself) is very likely to cause other maintenance-related problems, or
a ripple effect (Black 2001; Grubb & Takang 2003; Wang, Schach & Heller 2001)
because of the interdependence of the software components. The probability of
an occurrence of this problem is even higher when a quick-fix or ad-hoc
approach is implemented (Lanubile & Visaggio 1995). The maintenance results
of this quick-fix approach can be used to represent the quality of the performed
maintenance. However, the prediction of the occurrence of the ripple effect is
difficult to quantify because of the components’ interdependence and because
the occurrence is not always immediate (Black 2006). In one case, the effect may
come to evidence in a very short time as the input data needed for the
maintained software components is supplied and, therefore, the input triggers an
unmatched link among the interdependent software components. In other cases,
the emergence of the ripple effect may take a very long time until the unmatched
link is triggered by an activated link or by inappropriate input.

Many previous studies, such as those by Black (2001, 2006) and Turver and
Munro (1994), have tried to understand the causes of the ripple effect and sought
models that are able to predict its occurrence and quantity. These efforts are
meant to improve SM management (Lanubile & Visaggio 1995; Wang, Schach &
Heller 2001). However, to date the effort to develop a prediction model of the
ripple effect has not been conclusive, although many researchers have agreed
that quick-fixes and shallow analysis of the software have a very high probability

of causing other problems (Lanubile & Visaggio 1995).

From this review, it can be concluded that although the level cannot be well
predicted, unfulfilled and recurrent MRs also affect the level of total MRs. These

types of request are caused by the maintenance management and process itself.
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Additionally, in terms of the cause of the ripple effect, Wang et al (2001)
argued that the competence level of the maintenance staff plays a significant
role. The learning and training factors especially can reduce the ripple effect
level. As the competence level increases due to learning and training, the quality

of maintenance is also expected to improve.

3.3.5 Classification of software maintenance

By assuming that all sources of maintenance materialise into MRs, any
incoming MRs will be categorised and prioritised, either informally or formally and
systematically, for further process (April et al. 2005). The maintenance activities
to correspond to the requests can be classified into corrective, adaptive,
perfective maintenance (Edwards 1984; Hoffer, George & Valacich 2005; Huff
1990; Perry 1981; Swanson & Beath 1989) and preventive maintenance (Hoffer,
George & Valacich 2005; International Organization for Standardization 2006).
To simplify the classification and for further terminology usage, this study adopts
two classifications according to the International Organization for Standardization
(2006): corrective maintenance (CM) and enhancive maintenance (EM), as also
suggested by Pigoski (1997: 17) that “[n]o matter which definitions you decide to
use, it is imperative to discriminate between corrections and enhancements.” The first
maintenance category consists of corrective and preventive maintenance, while
the second comprises adaptive and perfective maintenance. The International
Organization for Standardization (2006: 25) further defined each category as

follows:

o Corrective maintenance refers to modifications necessitated by actual errors
in a software product. If the software product does not meet its requirements,
corrective maintenance is performed.

¢ Preventive maintenance refers to the modifications necessitated by detecting
potential errors in a software product.

e Adaptive modifications are those modifications necessary to accommodate a
changing environment. Adaptive modifications include modifications to
implement new system interface requirements, new system requirements, or
new hardware requirements.

o Perfective modifications improve the software product’s performance or
maintainability. A perfective modification might entail providing new
functionality improvements for users or reverse engineering to create
maintenance documentation that did not exist previously or to modify
existing documentation.
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These definitions can be further elaborated (Grubb & Takang 2003; Pigoski
1997) as follows. CM is required if defects or faults are found or reported during
systems operation. The faults may be discovered by users or by staff of the IS
unit. The occurrences of the problem that need CM could take place at any time
after system installation is completed. The level of urgency is usually high and
actions need to be taken immediately to prevent disruption of business activities
due to improper system behaviour or system crash. Preventive maintenance is a
necessary change to lessen the possibility of system failure in the future.
Adaptive maintenance occurs due to new business requirements as a result of
operating the current system for some time and of the changing business
environment. Perfective maintenance is conducted to enhance system

performance, improve ease of use of the interface or add some features.

The description of SM categories indicates that this classification is necessary
because the characteristics of SM problems are different. Response time towards
the requests, urgency levels, activities and the maintenance process described
above show that they are different. By understanding the characteristics of a
maintenance task that have to be implemented, an MR that inherently needs high
priority is allowed to be completed according to its urgency or importance level
for service delivery (Grubb & Takang 2003). This different nature of MRs

necessitates the allocation of different levels of resources.

Despite the necessity to differentiate MRs because of their differing natures,
these categorisations do not mean they are mutually exclusive: in practice they
are linked together. This intertwining was argued by Grubb and Takang (2003)
and examples of possible links are described as follows. Introduced adaptive
maintenance might unintentionally contain bugs, which certainly need CM.
Likewise, perfective maintenance undertaken to introduce an improved sorting
algorithm might necessitate restructuring the program code, which is preventive

maintenance. These links are presented in Figure 3.1.
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Figure 3.1 Possible dependencies of different categories of maintenance

In addition, some end-user-support activities also need to be performed as
part of the maintenance effort (Abran & Nguyenkim 1991; Burch & Kung 1997,
Whitten & Bentley 2007). End-user-support maintenance is defined as activities
that support end-users to enable optimisation of the application and provide
training to end-users. Although end-user-support maintenance does not directly
touch the information systems’ software, it is an important activity to ensure
optimum utilisation of the system’s potential capability in delivering organisational
services. In some cases, a significant percentage of IS staff effort is dedicated to
this activity (Abran & Nguyenkim 1991; Ng, Gable & Chan 2002).
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Table 3.1 Percentage of each type of maintenance reported in previous

research
Source System % % % user
corrective | enhancive | support
Lee and Jefferson Web-based Java 32 68
(2005) application
Burch and Kung SQL system of a 48.93 26.3 24.77
(1997) private organisation
Antoniol et al (2008) | Three open-source 45 - -
software
Kemerer and Commercial 17 83 -
Slaughter (1997) merchandise
Ng et al.(2002) ERP-system of a 31 69 -
government agency
Jorgensen (1995) COBOL-based 43 57 -
system of a large
company
Abran and Application in 20.26 47.31 3241
Nguyenkim (1993) financial
organisation
Abran and 26 39 35
Nguyenkim (1991)

Empirical research on the percentages of each maintenance category
indicated that they were significantly different. In general, as shown by Table 3.1,
the percentage of corrective MRs is much lower than the percentage of
enhancive MRs, which is CM, accounting for less than 50% of all types of the
MRs. The percentage of CM provided by Burch and Kung (1997) was
exceptionally high. For this case, they explained that a high percentage of the
CM within their study was due to the classification of maintenance mostly
determined by the vendor, and the vendor will receive payment from the
organisation. It is also interesting that user-support service accounts for a
significant amount of the percentage, and occupies a considerable amount of the

time spent on maintenance activities (Abran & Nguyenkim 1993).

3.3.6 Software maintenance phases and activities

The SM life cycle consists of phases similar to the information system
development life-cycle (ISDLC) (Grubb & Takang 2003; Hoffer, George &
Valacich 2005; Perry 1981: 57-63; Whitten & Bentley 2007). The IEEE Computer
Society (1993; 1998: 5) defined phases of the SM process as: “a)

problem/modification identification and classification; b) analysis; c¢) design; d)
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implementation; €) regression/system testing; f) acceptance testing; and g) delivery”.
Referring to this life-cycle, for any SM activity there should be a flow of SM
products. It starts from a maintenance request from users and ends up with
completed and delivered maintenance. There are some variations of SM
activities and phases description shown in previous research although the
variations were insignificant: for example, in April and Abran (2008), Kitchenham
et al. (1999), Lucia et al. (2005), Niessink and van Vliet (1998), Singh and Goel
(2007) and the International Organization for Standardization (2006).

April and Abran (2008) defined the phases according to the key maintenance
process: analysis, modification development and delivery, as depicted in Figure
3.2. The analysis phase is the first and includes activities such as identification of
the real problem underlying the requested maintenance including communication
with the users, understanding the existing software system, analysing the new
requirements and possible impacted software components, and proposing
possible solutions. The modification development phase takes place after the
analysis phase and includes activities such as designing, developing and
introducing the software components, implementing newly introduced software
components, modifying the software within a restricted setting, testing the
modification within a restricted setting or copy-versions of the existing system.
The delivery is the last phase. It includes the implementation of the modification
to the existing system, the communication to the requester to ensure that the
maintenance satisfies their requirements, and training for the requester about the
implemented modification as necessary. Once the maintenance problem
resolution delivery satisfies the MR, then the maintenance is considered
complete. The maintenance activities are mostly not carried in linear manner but
in an iterative way, in the sense that it is always possible to return to a previous

phase at any time if necessary; see Figure 3.2.

T T

Analysis Modification Development Delivery

'\ '\

Figure 3.2 Iterative phases of a maintenance process
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The diagram presented in Figure 3.2 also shows the relationships between
phases. The degree of success of the analysis determines the level of
modification implementation, which in turn influences the success of maintenance
completion and delivery. This simple chain of influences can also operate in the
reverse direction. For example, an incomplete analysis process can cause
difficulties in implementing modifications, which necessitates a deeper and more
revealing analysis; or a carefully undertaken testing with users on an
implemented modification can reveal that one or more users’ requirements are

not satisfied, which triggers further modification or even analysis.

Compared with software development — specifically with respect to the time
spent for each phase of the life-cycle — while most development efforts are spent
during design, implementation and testing, more than half of the maintenance
time and emphasis are devoted to analysis and specification, see Figure 3.3
(Grubb & Takang 2003: 74-5). In particular this is the case for enhancement. The
analysis is conducted mainly to understand the program and documentation
associated with the required maintenance, as well as any possible adverse
impacts of that maintenance. In addition to performing SM, an analysis should
also be conducted to ensure that foreseen ripple effects can be avoided as a

result of adding, deleting or modifying the software (Grubb & Takang 2003: 271).

Contrasting the effort and time spent for CM and EM, most CM only takes a
very short amount of working time or effort (Jorgensen 1995), implements less
consistent methodology and documentation (Taylor & Wood-Harper 1996) and is
usually assigned to one staff member (Jorgensen & Sjoberg 2002), while EM
requires a longer activity time and there are considerable time differences
required to finish each phase (Grubb & Takang 2003). In Jorgensen’s (1995)
study, time taken for CM is about one-third of that for EM.

71



A formal model of e-government success factors for developing countries:
Dynamic relationships of software maintenance and information system staff management

Maintenance

Effort

Development

Analysis Specification Design Implementation Testing Operation
Lifecycle ————p»

Source: Grubb & Takang (2003: 75)

Figure 3.3 The comparison of effort spent by staff over the life cycle between
software development and maintenance

3.3.7 Impact of delivered software maintenance

Any completed and delivered maintenance means the maintained software
has experienced changes due addition, deletion and/or modification of the
program code (Jorgensen 1995; Jorgensen & Sjoberg 2002). Normally,
maintenance causes an increase in complexity of the software, as explained by
the law of increasing complexity of Lehman’s Law of Software Evolution that, as
the system evolves, due to implemented changes over time its complexity
increases unless work is done to maintain or reduce it (Lehman et al. 1997: 21).
Future maintenance will much depend on these persistent changes; if the
implemented changes are undertaken without considering the overall system
structure, then upcoming maintenance will be increasingly difficult (Grubb &
Takang 2003), and therefore this can reduce the quality of future maintenance
delivery. Also, a carelessly implemented change can be a threat to data integrity

(Chapin 2009). These eventually negatively influence future software availability.

In addition, successfully completed and delivered maintenance, especially
enhancement, might have a significant impact on the organisation. A significantly
enhanced system might require the organisation to train users, for example, in
how to operate and comply with the enhanced system (Khoo, Robey & Rao

2011; Yokota 2011). Also, a re-alignment between the IS and business process
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might be necessary, as the enhancement changes the systems (Rashid, Wang &
Tan 2010).

3.3.8 Software maintenance management

One of the importance issues for SM management is staff maintenance
productivity (Banker, Datar & Kemerer 1991; Calow 1991; Ketler & Turban 1992).
While the ripple effect can be associated with the quality dimension, maintenance
productivity can be used to indicate the quantity dimension of the SM. Many
previous studies have defined and measured productivity in terms of the total
labour hours spent by a maintainer to complete an assigned maintenance task
(Banker, Datar & Kemerer 1991; Banker, Davis & Slaughter 1998; Narayanan,
Balasubramanian & Swaminathan 2009); or the number of completed tasks in a
period of time (Benestad, Anda & Arisholm 2010). Pigoski (1997: 256) suggested
“the number of problem reports and enhancement requests completed and fielded” as
one measure of SM productivity. In other words, the sooner the maintainer
completes the maintenance task, the more productive is the maintainer. They
considered that the maintainers’ or maintenance project team’s time spent for
undertaking maintenance tasks is a scarce resource that managers should

concentrate on.

There have been many studies investigating the factors influencing
maintenance productivity. Ketler and Turban (1992), based on reviewing previous
SM literature, identified three major factors that potentially affect overall SM
performance: technological, organisational and behavioural. They found the
technological factor that highly complicates SM to be the software itself. As also
shown in previous sections, the MRs caused by this factor are highly
unpredictable and less controllable by managers. Ketler and Turban concluded
that languages, structure and design of code, size of system, documentation and

age of system are software factors determining maintenance success.

Further, Ketler and Turban’s identified organisational factors affecting the
maintenance are: planning; setting estimates, schedules and priorities;
developing programming standards; installing control procedures for changes in
program; and the division of labour and organisational structure. In organising the
maintenance process, the management has an option either to separate the

organisational units of development and maintenance, or to combine them within
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one single unit that performs both development and maintenance (Yeh & Jeng
2002). In addition, for continuous improvement of the SM process it is necessary
for the management to adopt a SM maturity model (April et al. 2005).

Ketler and Turban also concluded that the behavioural and personnel issue is
the second significant problem for maintenance success, especially motivational-
related factors of the programmers. They identified that motivation, in addition to
job characteristics, is dependent on the programmers themselves. Much research
has also shown that maintenance personnel motivational factors have been
problematic for maintenance success (Grubb & Takang 2003; Pigoski 1997). For
example, SM has been associated with being a second-class job compared with
software development; and personnel assigned to maintenance tasks are usually
within their early careers in IT (Tan & Gable 1998). These become de-
motivational factors for them. Additionally, as a subset of a greater IT
professional cohort, software maintainers also have to deal with other various
motivational, skills and communication factors in order to achieve a high level of

maintenance productivity.

A detailed review of how SM staff factors, especially those related to

motivation, influence SM performance will be provided in section 3.4.

3.3.9 Summary of software maintenance processes, elements and
relationships
Software maintenance is essential in assuring the required level of software
availability over time. This maintenance is unavoidable due to the adopted
approach and quality of system development, environmental pressure and
maintenance itself. A high level of maintenance performance enables an e-
government system to cope with the growing and varying demand for service

delivery.

The literature review in this section has also indicated a great variety of
elements and processes of SM. If they are put together and mapped, feedback
relationships and the impact of time can be revealed within and between
elements and processes. This will help e-government decision-makers or
managers to better manage their e-government software in order to achieve e-

government success.
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An SM process starts with an MR, which occurs randomly with various
degrees of severity. The requested maintenance is carried out based on the type
of problem and using the appropriate level of resources. A completed
maintenance task is delivered and implemented to the source software.
Eventually, the quality and quantity of the maintenance delivery add to the
software complexity, which in turn can trigger other MRs. A successful
completion in one maintenance phase is influenced by the completion of previous
phases. The software development quality and environmental pressures
determine MRs, which are then transformed into maintenance tasks. The
completion of these tasks depends on the complexity of the software and the
type of the tasks, personnel and organisational factors. The complexity of the

maintained software eventually affects future maintenance processes.

The quality and quantity of the delivered maintenance can be used as a
measure of the SM performance level or software availability over time. One of
the key elements affecting this level is the performance of the IS staff (Grubb &
Takang 2003; Pigoski 1997).

3.4 Information systems staff

3.4.1 Introduction

This section describes the literature review of IS staff and their role in
software development and maintenance. The review is not limited to the literature
in e-government but also include a wider context of IS and human resources

management.

Despite the existence of complex factors affecting human resource
performance, the performance of internal 1S staff in maintaining e-government
system software will be reviewed through the lenses of their motivation,
competence and management. The expectancy theory will be used as the
foundation to reveal complex relationships between factors within these areas
that lead to the achievement of a particular level of e-government software

sustainability through the SM process.

From this review, relationships between various factors affecting the
performance of internal IS in e-government SM are expected and can be mapped

out.
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3.4.2 The role of internal information systems staff for e-government
success

Broadly, the e-government human resource factor and its role can be divided
into three categories: e-government customers, internal users and IS staff. The
first consists mostly of citizens and businesses as the ultimate users (Shareef et
al. 2009) who ultimately determine the success of e-government through the
benefits they realise from it. They are part of external factor of an e-government
system. The second category comprises internal staff, managers and decision-
makers of government organisations who operate and utilise the e-government
system to deliver government services (Sabherwal, Jeyaraj & Chowa 2006). They
can be considered as part of the service delivery management factor. In the last
category are internal staff, managers and decision-makers who are employed
based on their specific competence in IS. These internal human resources, which
are part of the IS management factor, are responsible for designing, developing
and maintaining the e-government system (Kamal 2006). They are the ones on
whom a sustainable quality e-government system can depend.

Of these three categories of human resource, the eGSF literature review
presented in section 3.2.4 has indicated and underlined that particularly internal
IS staff play a critical role in e-government success. For example, internal IS staff
are required to support the continuous availability of state-level e-government
websites in the US (Gil-Garcia 2006); also a sufficient number of skilful and
professional IT internal personnel determines the level of e-government adoption
(Detlor, Hupfer & Ruhi 2010; Schwester 2009) as well as the ultimate success of

an e-government project (Herrera & Gil-Garcia 2011).

In the broader context of the IS management field, the pivotal role of internal
IS staff in improving software process and performance has been significantly
underlined by much of the existing IS literature, for example, by Boehm (1981),
Acuna, Juristo and Moreno (2006) and Madachy (2008). Although the impacts of
properly managed internal IS staff on an organisation are less tangible, they are
more valuable to the organisation; therefore, employing and managing highly
motivated and competent IS staff remains one of the top priorities (Nelson &
Todd 2004). For example, as software processes depend heavily on people with

regard to the constraints associated with internal IS human resources, managing
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their variability in capacity and capability is necessary for software development
and maintenance (Junchao et al. 2008).

3.4.3 The expectancy theory of human resource motivation

Motivation has been the central focus of researchers and practitioners for a
long time in studying human resource performance. There have been many
models and theories — such as the stimulus-response theory, equity theory, job
characteristics theory, need theory and motivation-hygiene theory — developed to
investigate and explain the factors that can motivate human resources to exert
their effort in a certain direction in order to achieve a particular degree of
performance (Couger & Zawacki 1980; Robbins et al. 2009). These models and
theories identified various factors which are considered to affect human resource
performance, such as rewards and the allocation of them, significance of tasks,
job feedback, need for achievements and self-esteem, responsibility, recognition,
advancement and growth, salary, and social interactions. In addition, the various
models and theories are also used to understand how these factors determine
the degree of motivation (Isaac, Zerbe & Pitt 2001; Rasch & Tosi 1992). Within
the IS domain, there have been extensive empirical studies that implemented
these motivation-related theories to investigate and explain what and how factors
influence 1S staff performance (Blanton, Wingreen & Schambach 2000; Couger &
Zawacki 1980; Rasch & Tosi 1992). Further, in e-government system
development and implementation, a high level of motivation of e-champions plays
a determinant role in achieving e-government success (Bhatnagar 2004; Krishna
& Walsham 2005).

Among these motivation related theories, the expectancy theory of Vroom
(1995), which was originally published in 1964, has been widely implemented
and empirically studied by much human resource research; for example, Lee and
Jimenez (2010), Liu and Mills (2007) and Memary and Kuan Yew (2009). More
specifically, this theory has been investigated and implemented in IT areas
including software engineering; for example, by Hall et al. (2009), Rasch and Tosi
(1992) and McGrath and More (1998). This expectancy theory strongly indicates

the interdependence of its constituting variables.

The classic expectancy theory was built on the assumption that a decision

made by a person is subjective and rationally motivated (Vroom 1995). The
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degree of force that motivates people to act in a particular direction was
proposed by Vroom (1995: 21) as:
a monotonically increasing function of the algebraic sum of the products of

the valences of all outcomes and the strength of his expectancies that the act
will be followed by the attainment of these outcomes.

On the relationship of the valence of outcomes and their expected
consequences, Vroom (1995: 20) proposed:
The valence of an outcome to a person is a monotonically increasing
function of the algebraic sum of the products of the valences of all other

outcomes and his conceptions of its instrumentality for attainment of these
other outcomes.

On this theory, Isaac, Zerbe and Pitt (2001: 215) identified three components
that motivate people to perform a particular act:
1. The personal expenditure of effort will result in an acceptable level of
performance.
2. The performance level achieved will result in a specific outcome for the

person.
3. The outcome attained is personally valued.

Further, they described these three points, respectively, as “expectancy” in
the sense that effort will result in performance, “instrumentality” which means that
a specific outcome depends on a specific level of performance, and “valence”
that represents the associated value attached by the person to the received
outcomes. A person’s level of motivation then can be formulated as:

M=ExIxV

where E: expectancy; |: Instrumentality; and V: valence (Isaac, Zerbe &
Pitt 2001: 215).

In a simple representation, this expectancy, instrumentality and valence link
individual effort, performance, organisational rewards and individual goals
(Robbins et al. 2009). This link underlines the dynamic feedback relationships of
the elements of the expectancy theory as expressed in Vroom’s proposition
(Howard 1989).

McGrath and More (1998), using the SD modelling method, identified and
showed explicitly and visually the existence of feedback relationships between

the variables that compose the expectancy theory. Based on the SD premise,
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they also argued the importance of the impact of time within these relationships
in the sense that effort, performance and reward factors may fluctuate over time
and the influence of one factor on another is not necessarily instantaneous. The
model depicted in Figure 3.4 explains how the variables of the theory and the
time factor influence the performance of IS staff in feedback-fashion
relationships.

s 3 SD model of Expectancy Theory a

Rewards

reward adj time

rewards varn

Performance

envt contrbn

effort adj time ep expectancy

pr expectancy

Source: McGrath & More (1998)

Figure 3.4 The system dynamics model of the expectancy theory

In this SD model the effort, performance and rewards are represented as
stock. The level of each stock is a value within an interval set to 1 to 100. The
levels depend on bi-flows of “effort varn”, “perf varn” and “rewards varn”. The
model also states that the flow of effort depends on the difference of the effort
and the performance levels, as well as the performance and the reward levels.
For the performance level, in addition to the impact of the effort, the model also
accommodates the contribution of environmental factors to the performance,
namely “envt contrbn”. Also, the presentation models the effect of performance
towards the rewards. The important things to note from this SD model is that the
levels of effort, performance and rewards are time-dependent and the feedback
loops are explicitly presented. These time dependencies are modelled as “effort

adj time”, “perf adj time” and “reward adj time’.
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In essence, according to the expectancy theory, in order to direct the staff to
exert their best effort and achieve best performance it is necessary to understand
the relationships between effort, performance and reward. Based on the SD
method, feedback relationships and the importance of the impact of time must
also be taken into account. McGrath and Moore’s (1998) SD representation of
the expectancy theory shown in Figure 3.4 will be explored and extended to the
factors affecting internal IS staff performing e-government SM and the review of

previous literature will use this SD representation as a reference.

3.4.4 Relationships between motivation and performance

In SM research, the effort of IS staff was defined as the amount of working
time expended to resolve a maintenance task, and therefore IS staff productivity,
is indicated by the number of maintenance tasks that can be completed within a
specified period of time; see section 3.3.8. In other words, within a specific period
of time of exerting their effort, if the staff can complete more maintenance tasks,
then they have a higher productivity level than those who can complete only a
few. In this section, staff productivity is a function of effort; the role of staff
competence towards staff productivity is presented in section 3.4.5. The overall
staff productivity in association with overall maintenance tasks indicates SM

performance.

As shown by Figure 3.4, there is a feedback relationship between staff effort
and SM performance. However, Figure 3.4 does not distinguish staff
performance from organisational performance and does not indicate how to
measure these performance factors. Staff performance can be measured by staff
maintenance productivity and quality, whereas SM organisational performance is
indicated by the total performance of the overall maintenance staff, as the
organisation is concerned with how to overcome all MRs over time with high-

quality delivered maintenance so as to be able to deliver organisational services.

On receiving SM tasks, individual staff will exert their effort. Over time, as the
staff carry out SM and observe their productivity, they will judge and compare
between the exerted effort and the resulting productivity which, based on their
understanding that a certain level of effort is required to achieve a required level
of performance, results in either changing or maintaining the current level of effort

(Abdel-Hamid & Madnick 1991). Thus, the productivity level can change up and
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down along with the effort oscillating level. In turn, this will affect overall SM

performance in the same way.

Through the instrumentality of the expectancy theory, any SM performance
level will result in a certain number of organisational rewards; and staff
understand that to obtain the rewards a particular level of SM performance is
necessary. In a general sense, the number of rewards provided to the staff could
be from zero up to a certain stipulated maximum level. Organisational rewards
can be provided in a variety of forms which are not necessarily static and
immediate. Normally, organisational rewards are provided to the staff in such a
way that the number of rewards reflects the level of SM performance. Mahaney
and Lederer (2006) found that intrinsic and extrinsic types of rewards significantly
influence the developers of successful IS projects. In their research the intrinsic
rewards consist of pride, a sense of contribution to organisation and public
praise, while the extrinsic ones comprise favourable annual performance
appraisals, project completion celebration, job security, technical training, flexible
work schedules, job promotion, financial bonuses, etc. Using the employees of
research and development units as the target population, Chen, Ford and Farris
(1999) found that the intrinsic rewards contributed the most to the organisation,
followed by group rewards and fixed salary increases. Well-designed
organisational rewards can include intrinsic, individual-based monetary, symbolic,
professional recognition, promotion, group-based, organisational-based and
items that failed on an appreciable level (Chen, Ford & Farris 1999). As one way
to motivate IS staff in SM (Grubb & Takang 2003, Ch. 10), the rewards must be
associated objectively with the IS staff performance (Cappelli 2001). Grubb and
Takang (2003) further emphasised that these rewards must be thoughtfully
designed such that the maintainers feel valued and rewarded, as SM is generally

perceived as lower in status than software development.

For any level of SM performance the staff will expect certain rewards, and for
any number of rewards the staff judge objectively and/or personally the value of
those rewards. This is, as Vroom stated, that IS staff exert their effort to a certain
degree because they expect to be rewarded and the that reward is of
comparative value with their performance. Examples of rewards expected by staff
include: receiving opportunities to build a professional career, introducing their

own ideas, working with other competent staff, attaining personal development,
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being challenged to change application systems, obtaining annual rewards etc.
(Laumer 2009). Staff might expect to receive rewards because of their achieved
performance based on their perceived significant skills and tasks (Hirschfeld,
Schmitt & Bedeian 2002). Even by being part of an IS unit and achieving a
particular degree of performance, IS staff have their own inherent expectations.
The staff perception of the received rewards based on their expectations and
judgement can be different from the actual value of the organisational rewards.
The difference between the actual organisational rewards and their perceived
value will determine the degree of staff effort. This further emphasises the
important role of organisational rewards and the significance of understanding IS

staff expectation and perception of the rewards.

In sum, as shown in Figure 3.4 the degree of IS staff motivation, which is
reflected by staff effort over time, is affected by the difference between SM
performance level based on normal effort and the required SM performance
level, and by the discrepancy between the perceived value of the organisational
rewards and their actual value. The impact of this difference on effort could also

take time.

In addition to the attained performance level and the organisational rewards,
many SM studies have indicated that staff productivity is positively influenced by
software complexity (Abran & Nguyenkim 1993; Ahn et al. 2003; Banker et al.
1993; Banker, Davis & Slaughter 1998; Jorgensen 1995; Schneberger 1995).
Software complexity can be a result of software development as well as of
software’s dynamic nature. It must be noted that, as described in section 3.3.7,
this dynamic complexity is due to the implemented maintenance over time. For
example, maintained complex software of a clinical IS increased about 167% in

software size during five years of system operation (Blum 1995).

3.4.5 Relationship between competence and productivity

Previous literature on eGSFs has shown the importance of ICT-related
competence of e-government staff in achieving the success of e-government, for
example, Ojo et al. (2007) and those presented in section 3.2.4. Competence is
associated with “the set of skills and knowledge that an individual needs in order
effectively to perform a specific job” (Baker et al. 1997: 266). In addition to

motivational factors, much research has shown that the competence level of IS
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staff significantly determined the software productivity (Madachy 2008). This was
also shown by Mishra and Misra (2007) for software engineering products.
Especially in SM, the importance of maintainer competence levels in influencing
SM performance was also underlined by Collofello and Orn (1989) and Kajko-
Mattsson, Forssander and Olsson (2001).

To define the maintenance competence level of IS staff, this study adopts
Abdel-Hamid and Madnick’s (1991) productivity variation formulation for a
software development project, which was derived from a psychology study. In
this formulation, the actual productivity equals to the potential productivity minus
losses. For this study, the potential productivity of the staff is adopted to
represent the staff competence level. It is a function of staff formal education
levels and experience relevant to SM, by assuming that the higher the education
level and the more experience, the more SM tasks can be completed
successfully. Accordingly, if the staff are fully motivated and the environment
perfectly supports the staff effort or there is no productivity loss, then the actual

productivity equals the staff competence level.

With respect to the experience level, much research in SM has indicated that
experienced staff were more productive than inexperienced ones in the sense
that as experience increased over time, the productivity level also increased
(Banker, Datar & Kemerer 1987; Banker et al. 2002; Calow 1991; Narayanan,
Balasubramanian & Swaminathan 2009; Pigoski 1997; Sneed 1997). However,
with regard to the impact of education level and experience on SM productivity,
when productivity was defined as the sum of SLOC inserted, updated and
deleted divided by effort, Jorgensen’s (1995) finding did not support the claim
that education and experience factors improve productivity. As Jorgensen
acknowledged that this measure is weak, therefore the researcher suggested
using these research results cautiously, as he found that more experienced
maintainers were assigned to more difficult maintenance tasks. It can be noted
that the experience level is dynamic, because experience will rise as knowledge
or skill acquired from seeing and doing things accumulates over time. Therefore
over time, as the number of completed maintenance tasks increases, the staff

experience will also increase.
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Additionally, appropriate training attended, in terms of quality and quantity,
during maintenance tenure can also increase the level of staff competence.
Berman et al. (2006: 219) defined training as “the effort to increase the knowledge,
skills, and abilitiies (KSAs) of employees and managers so that they can better do their

jobs”. There are several reasons for the need of training:

¢ the staff should be able to cope with the persistent degradation of their
own competence level due to the ever-advancing nature of IT (Joseph,
Kuan-Koh & Hao-Foo 2010; Lee & Mirchandani 2009)

e the staff is new to the organisation or to the normally utilised tools within
the organisation (Jeet et al. 2010)

e it is necessary to improve the quantity and quality of completed
maintenance (Taylor, Moynihan & Laws 1998) or

e there is a transfer of developed software from the developer to the
maintainer (Pigoski 1997).

Taylor, Moynihan and Laws (1998) found that training for SM can be formal,
such as software testing training commercially provided by external companies,
and informal, such as knowledge transfers from more experienced internal IS
staff through supervision, or presentation and discussion. Through improving
competence levels, appropriate training is an important factor that eventually
influences SM performance (Collofello & Orn 1989; Kajko-Mattsson, Forssander
& Olsson 2001; Mishra & Misra 2007; Pigoski 1997).

In contrast with the experience and the training factors which can raise the
competence level, IT advancement causes the staff competence level to
decrease so that over time it will be eroded (Hafeez & Abdelmeguid 2003). Lee
and Mirchandani (2009) identified five areas of IT that can cause this decrease
and that need anticipation from IS professionals generally in order to maintain
their competence level: enhancement of web applications; wireless (mobile)
technology; security; open source programming; and data warehousing to
support analysis. For this reason, Lee and Mirchandani urged the need for
continuous upgrades of the competence level. Although this threat to the
competence level is real, there seem to be no specific figures from the literature
as a general indication of the rate of competence obsolescence as a result of IT

advancement.
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For an organisation, it is quite obvious that attrition of experienced staff
affects the overall competence level. As inexperienced and experienced staff
have different levels of performance (Banker, Datar & Kemerer 1987), the
fractions of inexperienced and experienced staff within an e-government unit
directly determine the overal competence level. An increase in the number of
inexperienced staff due to new recruitment and experienced staff turnover
causes the overal level to decrease. In most cases, new staff recruited for SM are

inexperienced, therefore they have to be trained (Pigoski 1997).

In sum, this review indicates the existence of the feedback relationships
between IS staff productivity level, competence level and other factors. This
review suggests that competence level influences IS staff productivity level,
which in turn affects staff experience level and the latter factor influences staff
competence level. In addition, the competence level is negatively affected by IT
advancement. The decrease in competence level, proportion of experienced and
less experienced staff and quality of completed maintenance trigger the need for
training and the implemented training influences the competence level. The

impacts of relationships might change over time.

3.4.6 The influence of environmental factors on productivity

Staff productivity is not influenced only by motivation and system complexity,
but also by the environment surrounding the staff workplace (McGrath & More
1998). Among the elements of the environment are other maintainers, software
developers and system users. To perform their maintenance jobs, staff need to
communicate with other maintainers and system users (Jorgensen 1995).
Maintenance team communication and collaboration, communication between
the IS staff and maintenance managers, and the working environment (Grubb &
Takang 2003), team size and communication with users (Narayanan,
Balasubramanian & Swaminathan 2009), deadline pressure (Banker, Datar &
Kemerer 1987) and system users (Calow 1991) are other environmental factors

affecting the performance level of staff.

In addition, in some cases inexperienced maintainers have to communicate
with their supervisors (Jorgensen & Sjoberg 2002). In other cases, maintainers
should speak to software developers during software transfer, as well as during

software operation, in order to collect information about the software being
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maintained (Pigoski 1997; Seaman 2002), although in some cases the
developers are less valuable sources of information compared with others
because developers’ knowledge of the maintained software is no longer current
(Seaman 2002). Internally, within their workplace the SM staff have to
communicate with other IS staff in order get help through discussion, to obtain
understanding of the software being maintained from previous maintainers, or to
discuss the link of the software module being maintained with other parts of the
software which are maintained by other staff (Elahi, Yu & Annosi 2009; Seaman
2002).

The SM staff quite often also have to communicate with the system users
who lodge MRs for either correction or enhancement (Bendifallah 1987; Pigoski
1997). The purpose of the communication can be to improve specification of the
users’ requirements; to consult on a new design for EM; or to test and give
training to the users for the delivered maintenance. The degree of communication
smoothness between the staff and system users determines staff productivity
(Calow 1991).

3.4.7 Information systems staff management

Generally, IS staff management has to deal with staff availability through
recruitment of new staff, allocation and assignment of the staff to a particular
task, staff development and staff turnover (Nelson & Todd 2004). Overall, SM
performance to some extent is obviously determined by the number of staff
available to undertake SM tasks. It is management’s role to make sure that there
is a sufficient level of staff availability. However, staff availability is dynamic.
Viewing the level of availability might be easier if taken from the perspective of
staff unavailability. Staff can be unavailable because they have not been
recruited; are assigned to other organisational jobs; have been moved to other
units or promoted to a managerial level; pursued other jobs in other

organisations; or are absent from work for various reasons.

An organisation may recruit new IS staff for maintenance with or without
degree backgrounds. For example, a government unit in Indonesia recruited 1S
staff with high-school and higher education backgrounds (PUSDATIN 2006).
Newly recruited staff generally can be assumed to have a lower productivity level

than current staff, irrespective of their educational level, because at least they
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have not been familiar with the current operating software being maintained, or
with the internal environment (Abdel-Hamid & Madnick 1991; Madachy 2008 Ch.
4). Through self-learning from experience and training during their SM tenure, 1S
staff can be categorised as experienced staff. The rate of IS staff being recruited
depends on the maintenance needs (Hafeez & Abdelmeguid 2003).

During their tenure as software maintainers, staff may be transferred to other
organisational units, promoted to managerial positions, or even exit to pursue
careers in other organisations or retire. In addition to this, the management may
also have to allocate some experienced staff to provide on-the-job training
(Abdel-Hamid & Madnick 1991; Banker, Datar & Kemerer 1987; Jorgensen &
Sjoberg 2002). This training will reduce the availability of experienced staff

numbers to perform maintenance tasks assigned to them.

IS staff turnover has been a chronic problem in IS organisation practices.
Much empirical IS research has devoted attention to this issue (Igbaria &
Greenhaus 1992; Kim 2005; Moore 2000) and how to retain competent staff
(Igbaria & Shayo 2004; Kim 2005). Previous research has found many factors
that significantly relate to IS staff turnover or turnover intention, such as low
salary and limited opportunity for promotion (Igbaria & Greenhaus 1992), salary
and additional benefits (Palmer et al. 1998), and structured rewards, tasks
variation, career structure and recognition (Grubb & Takang 2003), as well as the
need for change in career direction (Joseph, Kuan-Koh & Hao-Foo 2010).
Whatever its cause, it is certain that this turnover negatively and signifcantly
influences overall performance and e-government success (Sang, Lee & Lee
2009). Staff turnover affects SM performance in two ways: it reduces the
proportion of highly competent staff if those who exit are indeed of a high level of

competence; and reduces the total numbers of staff availabe.

Absenteeism has also attracted much research attention (Junor, O'Brien &
O'Donnell 2009; Marks et al. 1986; Morgan & Herman 1976), and it commonly
exists in various sectors. For example, among call-centre employees in the
Netherlands in 1999, the rate of absence was 7.9% (Schalk & Van Rijckevorsel
2007), while among public servants in several developing countries, Chaudhury
et al. (2006) found that the absence level was 19% for teachers and 35% for

health workers. Absenteeism affects staff availability to perform their jobs, which
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in turn influences staff and organisation productivity (Junor, O'Brien & O'Donnell
2009).

Rewards or perceived rewards seem to correlate with absenteeism. By
acknowledging the existence of differences in the characteristics of IS jobs and
the profession, the results of the research from other fields are worth noting as
there was relatively little knowledge about absenteeism from previous IS
research. For example, Griep et al. (2010) have empirically shown, using a nurse
sample in Brazil, that effort—reward imbalance is a good predictor of
absenteeism. A significant absence level becomes more prevalent among skilled
government employees who can earn more payment from doing outside jobs or
moonlighting while still keeping their main employment and, of course, its wage
(Dabalen & Wane 2008). Even clerical public-sector workers, who perceived that
their jobs required higher skill or task significance but received limited rewards,

tended to have a higher level of absence (Hirschfeld, Schmitt & Bedeian 2002).

3.4.8 Summary of information systems staff success factors
relationships
Much literature in IS management has shown theoretically and empirically the

critical role of IS staff performance for the success of an information system.

In accordance with the expectancy theory, IS staff motivation, which is
reflected as staff effort, has dynamic feedback relationships with staff
performance and organisational rewards. Staff performance is represented by

staff maintenance productivity and delivered maintenance quality.

Putting these expectancy theory factors together with other performance-
related factors, further dynamic feedback relationships leading to staff
performance can be mapped out. The other factors include staff competence
level, IT advancement, training, experience level and communication with the SM
environment. In addition, overall SM performance is obviously influenced by total
staff available for SM, which in turn is affected by total staff, absence levels, staff

turnover and promotion, recruitment policy and staff allocation.
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3.5 Summary

This chapter has presented the review of literature in association with eGSF
relationships. It has presented the wide dimension of eGSFs, in topics and
constructs, and the complex relationships among them. This presentation did not
specifically identify what set of factors is believed to lead to e-government
success; rather, it indicated how this broad range of eGSFs can be organised,
while at the same time emphasising the fact that the eGSFs relate to each other.
In other words, it is not only the eGSFs but also the relationships among them
that should be considered by decision-makers and managers in achieving e-
government success. Given this broad dimension of eGSFs and their
relationships, a further review to reveal how the elementary level of success
factors relate to each other while influencing e-government success would be an

unfeasible undertaking.

Given the lack of attention to the operation and maintenance stage of the e-
government life-cycle and its important role in achieving e-government success,
this study focuses its investigation on the relationships between eGSFs in e-

government SM and internal IS staff management subsystems.

The review of SM literature has revealed the elements, processes and
relationships within and between these two. Any SM activities are initiated by
MRs. An MR can be triggered by software development quality, environmental
factors and SM itself. The MRs occur randomly and their frequency is decreasing
over time. The MRs are then classified as either CM or EM tasks, each of which
requires a different amount of time to complete. A CM is required to correct a
software fault, while an EM is needed to enhance the software in accordance
with the systems users’ or organisation’s needs. In general, there are three
phases of the SM process. For any completed and delivered maintenance, it may
contain faults which can trigger a new MR, thus showing the existence of

feedback relationships within SM.

Overall SM performance can be measured by the fraction of MRs and
completed and delivered maintenance, and the delivered maintenance that
contains faults. A high level of SM performance ensures the dynamic software

availability level to be high. This is in the sense that unavailability of the software,

89



A formal model of e-government success factors for developing countries:
Dynamic relationships of software maintenance and information system staff management

due to software faults and unavailable software features, can adversely affect
system sustainability, leading to e-government failure.

The review has also shown that one of the key factors determining SM
performance is the performance of internal IS staff. This performance in SM
depends on staff motivation in exerting their effort which, according to
expectancy theory, is determined by staff perception of their performance and the
received rewards. The effort, performance and rewards of the expectancy theory
relate to each other, forming a closed loop. The level of staff effort influences
their performance, which in turn affects SM performance. The difference between
the required and realised levels of SM performance carries influence back to the
effort. SM performance will result in both provision of organisational rewards and
staff expectation of rewards, the difference between which affects the staff effort

level.

Other significant success factors influencing IS staff performance along with
its relationships have also been reviewed. The review has also shown the level of
competence of IS staff significantly influences IS staff performance in SM.
Average competence level influences IS staff productivity, which in turn affects
their experience level and this experience level will influence the average
competence level. The average competence level is affected by the proportions
of experienced and less experienced staff and is negatively affected by IT
advancement. This, along with the quality of delivered maintenance, causes a
need for staff training and the result of staff training influences the average

competence level.

In addition to these success factors, software complexity and communication
with other IS staff and system users have been shown also to influence IS staff
maintenance performance. IS staff management-related factors, including
recruitment policy, staff turnover and staff absence level, have been indicated by
previous literature to influence the level of staff availability, which in turn affects
SM performance. Staff turnover and absenteeism were indicated as being

affected by organisational rewards.

However, these relationships are scattered and were studied separately. The
literature review of the two subsystems in this chapter has tried to put these

relationships altogether and shown the existence of feedback relationships
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between the elementary success factors. The level of the success factors as a

result of the relationships may change over time.

This summary of success factors and their relationships obtained from

existing literature can be tabulated as follows.

Table 3.2 Tabulated summary of success factors and relationships

Success factors

Relationships

Success factors

SM performance

Software availability level

SM performance

SM requests

Environmental pressure for

enhancements

SM requests

Software quality resulting from a

software development

SM requests

SM requests

IS staff effort

IS staff performance

SM performance

IS staff effort

IS staff performance

SM performance

IS staff effort

SM performance

Rewards for staff

Rewards for staff

IS staff effort

IS staff competence

IS staff performance

IS staff competence

IS staff productivity

IS staff productivity

IS staff experience level

IS staff experience level

IS staff competence

Ever-advancing IT

IS staff competence

IS staff competence

Training and learning

Training and learning

IS staff competence

Software complexity

IS staff performance
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The eGSFs and the existence of feedback relationships among these factors,

as well as the impact of time, lend themselves to the use of the systems

approach, especially the SD method. Therefore Chapter 4, which discusses the
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A formal model of e-government success factors for developing countries:
Dynamic relationships of software maintenance and information system staff management

research methodology, will describe the system approach as an adopted point of
view towards eGSFs relationships. Chapter 4 also presents and discusses the
modelling methods implemented for eGSFs relationships based on this systemic
view: the SD method. Chapter 5 will present the initial model of eGSFs
relationships based on the relationships identified in this chapter (Chapter 3) and

the modelling method presented in Chapter 4.

92



Chapter 4 Methodology

4.1 Introduction

In the previous chapter, a broad range of eGSFs and their relationships were
revealed that are viewable as a system. Further detailed investigations on two
relatively low-level success factors subsets — software maintenance and information
system staff — indicate the existence of complex feedback relationships among the

success factors leading to e-government success.

This chapter presents the research methodology approach, methods and
techniques adopted and implemented in this study in order to fulfil the aims of this
research, that is, to develop a formal model of eGSF relationships for developing
countries. Considering the nature of the eGSFs and their relationships revealed in
Chapter 3, a system thinking approach is adopted. The system decomposition and
SD methods are chosen to implement this approach along with their modelling

techniques. A case study method will be used to collect the appropriate data.

The chapter begins with describing the research approach adopted in
investigating and developing the model of eGSFs and their relationships. This
includes the rationale for selecting the approach and a description of the modelling
methods. This is followed by a description of the research design, which will be
further explored in a step-by-step fashion. Next follows the detailed description of
the modelling methods: the use of the methods to develop the model and how the
model will be described. Finally, the testing procedure to ensure the validity of the
developed model is presented. In this section, a case study procedure to collect

data from an e-government system is also described.

4.2 Research approach

4.2.1 Systems thinking

A system is defined as a complex whole formed by interrelated elements for a
particular common purpose (Myers & Kaposi 2004; von Bertalanffy 1950; Wand &
Weber 1990). Furthermore, this literature explains that a system is not a sum of its
elements; rather, the interrelationships among its elements form the wholeness of

the system, in which the behaviours or properties of the elements together with their
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relationships define the system. In addition, an element or a set of elements of a
system can be a lever to other elements in the sense that the role of a lever element
is much higher than that of the other elements, such that any small changes in the
element cause significant changes to the whole system. Any subset elements of a
system are systems in themselves, while at the same time a system is a subset of a
wider context system. A system is always represented as a model, which is a
purposefully simplified representation that contains only the essential and relevant
characteristics of the system and states explicitly the boundary between the system
and its environment (Myers & Kaposi 2004). The system model can be visual and
diagrammatic (Maani & Cavana 2007) which, as a representation of a referent, is

never and does not need to be complete (Pidd 2004).

By referring to the description of the system, system thinking means viewing
things as a whole which is formed by the inter-relationships of its elements with
respect to a particular common purpose. In Senge’s (2006: 68) words, system
thinking is “a framework for seeing interrelationships rather than things, for seeing pattern
of change rather than static ‘snapshots’”. By associating specifically with time, Maani
and Cavana (2007: 7) define system thinking as “a scientific field of knowledge for
understanding change and complexity through the study of dynamic cause and effect over
time”. Further, Maani and Cavana described the system thinking paradigm as
consisting of forest thinking, dynamic thinking, operational thinking and closed-loop
thinking. The first paradigm means seeing things as a whole and the way the
elements relate each other; the second one considers that things always change
over time; the third is associated with comprehending the way things “physically”
operate and are related each other; and the last paradigm acknowledges the non-
linearity of cause and effect and often the fact that the effects can influence the

cause.

The eGSF literature review has shown that eGSFs are myriad, which indicates
that the success factors interact with each other and suggests that in a particular
situation there is a small set of success factors that have more influence in
achieving e-government success. The review has also shown that relationships are
not static but fluctuate over time. These characterise the complex and dynamic

nature of eGSFs and their relationships.
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Thus, considering both the definition of a system and the eGSFs literature
review, it is quite appropriate to regard eGSFs and their relationships as a system.
This consideration can be justified by the fact that eGSFs consist of elements,
relationships and a purpose. The elements are the success factors, the relationships
are the relationships between the success factors as identified from the literature
review and the common purpose is to achieve e-government success. By adopting
this system thinking for eGSFs and their relationships, this research argues that in
order to achieve e-government success, the e-government decision-makers,
developers or managers should consider not only the success factors but also,

more importantly, the relationships among the success factors over time.

Considering the characteristics of eGSFs, the adoption of system thinking to
investigate eGSFs has been recommended and claimed appropriate by Titah and
Barki (2008). In a more general context, Scholl (2007) and Beynon-Davies (2007)
suggested the necessity of system thinking in order to obtain full understanding of

an e-government.

However, this system thinking needs implementation methods. Literature has
indicated that a variety of different approaches have been developed to implement
systems thinking (Jackson 2003) and have been utilised within different areas.
Considering the variations in the implementation methods of system thinking, this
research implements two main modelling methods as its approaches, which is

different from the approach adopted by Titah and Barki (2008):

e IS process decomposition (Whitten & Bentley 2007); and
e System Dynamics modelling (Forrester 1961; Maani & Cavana 2007).

The first method is a system thinking approach commonly implemented during
the analysis and design phases of an information system development. This method
considers the process of an information system as a whole, which consists of
interdependent elements and processes. The second method, which is also one
branch of system thinking (Hjorth & Bagheri 2006), considers the importance of the
time and causal feedback interaction of various elements of the system in order to

achieve organisational success (Forrester 1961: 13; Sterman 2000).
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4.2.2 System decomposition

Within IS process modelling, system decomposition, which is implemented to
analyse and design an IS, is intended to organise the whole system into a small and
manageable number of subsystems (Whitten & Bentley 2007). In dealing with a
complex system, decomposition has been one of the most important tools and has
been successfully practised to tackle a large-scale and complex domain of interests
(Courtois 1985; Paulson & Wand 1992: 174). How many and what subsystems will
be the result of a system decomposition is usually determined by considering a
particular criterion or set of criteria such that the system has more cohesive
elements within each subsystem but more loosely coupled among different
subsystems (Paulson & Wand 1992).

The complex nature of eGSFs and their relationships, where the factors span a
wide range of domains, indicates that it is necessary to decompose the eGSFs
system first before tackling any problem. By implementing this approach, it is
expected that the eGSFs system can be organised into a small and manageable
number of loosely coupled eGSFs subsystems. The resulting presentation will serve
as the holistic view of the eGSFs system and its subsystems. This holistic view will
assist the modeller to focus on the particular scope of a problem and, on the other
hand, to put the selected areas of relationships modelling into a broader context of
success factors emphasising the fact that the selected areas are sub-subsystems of
the eGSFs system. This might retain awareness that many other success factors
can also influence e-government success; and this indicates what the other success
factors are. Additionally, lack of focus due to modelling of all eGSFs and their
relationships can results in a very complicated model, which undermines its

usefulness.

4.2.3 System dynamics

Once the decomposition representation of the eGSFs system has been
established and a holistic view of the eGSFs has been acquired, then it is necessary
to model the relationships of the eGSFs and use the model to learn how to achieve
success by understanding its complex relationships. The SD modelling method is
implemented to formally model the relationships of the eGSFs in influencing e-

government success for selected eGSF subsystems.
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Literature has not defined the SD method in a single formulation. Coyle (1996:
10) defined SD as:

System dynamics deals with the time-dependent behaviour of managed systems
with the aim of describing the system and understanding, through qualitative
and quantitative models, how information feedback governs its behaviour, and
designing robust information feedback structures and control policies through
simulation and optimization.

The method was originally developed by Forrester (1961) and popularised more
recently by Senge (2006). Forrester (1961) pointed out that quite often, in a real
world phenomenon, a change of the level of a variable is affected by other variables
which are not in a closed distance. A chain of causal relationships of variables and
time delays masks the influence. Furthermore, he argued that any system is
governed by an information-feedback mechanism which forms the basic foundation
of the SD method. Forrester (1961: 14) described the existence of an information-
feedback system as “the environment leads to a decision that results in action which
affects the environment and thereby influences future decision”. In SD, the relationship
between the elements of the system can be much more important than the elements
themselves (Forrester 1961: 14).

The techniques and tools of this method were chosen as the means to specify
and implement the detailed model of the eGSFs system. The method is a
particularly appropriate modelling approach where time and feedback loops are
important, and where considerable complexity, ambiguity and uncertainty exist
(Vennix 1996). Also, it is especially capable of modelling the complex non-linear
relationships that exist among the success factors (Maani & Cavana 2007; Sterman
2000).

For these reasons, the SD method is chosen as appropriate for modelling the

complex relationships between eGSFs of selected subsystems.

Coyle’s definition of the SD indicates that there are two types of model
representations for this method:
e a qualitative model (Coyle 2000; Maani & Cavana 2009); and
e a quantitative model implemented through a computer simulation (Maani &
Cavana 2007; Morecroft 2007).
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To support these model developments, various types of data are required:
“numerical, written and mental data” (Forrester 1980 in Sterman 2000: 853).

The qualitative representation of the SD is the SD model that does not include
any quantitative data in the model representation and does not involve a computer
simulation (Wolstenholme 1999). This qualitative representation is then visualised in
a causal loop diagram (CLD), which is a means of creating a high-level
conceptualisation of feedback loop relationships within the system structure
(Wolstenholme 1999). The representation depicts how one variable causally relates
to another variable, which eventually creates a feedback loop. Tracing causal loops
within a causal loop diagram can provide an explanation of how and why a change
in an important variable, which is the subject of interest, takes place over time, and
can provide an understanding of how the effect variable in turn influences the cause
variable. Therefore, the CLD can generate insight into the dynamic structure of the
system and provide the dynamic hypothesis of the investigated problem (Madachy
2008; McLucas 2005; Sterman 2000).

Although in some SD modelling processes modellers jump directly to the
simulation model, such as that undertaken by Georgantzas (2003) which is a purely
guantitative one, this study developed a qualitative representation of SD prior to the
simulation modelling, as was carried out by Akkermans and Oorschot (2005).
Consequently, the simulation model will be developed once the CLD is set up. It
must also be noted that, as Coyle (2000) argued, for a particular purpose SD

modelling may involve only qualitative model development.

The quantitative model of SD uses stock and flow symbols as the main elements
of the model, as well as other diagrammatic representations to capture the
interconnected elements of the systems. It contains mathematical equations, initial
and parameter values, and linear or non-linear graphical representations, which are
embedded within the model. The implementation of this quantitative modelling
method needs quantitative data, quantification of qualitative factors and
mathematical equations along with its parameters and initial conditions to run the
simulation. This method further formalises the eGSFs system explicitly to solve
vague and ambiguous concepts and resolve unnoticed contradictions. Thus, a
guantitative model of the SD is a computer simulation model which formally and

explicitly uncovers the dynamic structure of a system. This computer simulation
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model plays a vital role in SD modelling. Even during the initial development as a
discipline, SD means a quantitative approach for complex problems implemented as
computer simulation models (Forrester 1961).

With regard to the CLD, it can involve a very large number of elements such that
it becomes very difficult for modellers and model users to comprehend. The ability of
people to make correct conclusions over a closed chain of causal relationships
degrades sharply as the number of elements within the system increases (Sterman
2000). As the CLD complexity increases, the dynamic consequences of the system
become unclear. Therefore, the SD models are eventually implemented using a
computer simulation modelling method. For this, special-purpose software is used to

implement the quantitative modelling of the SD.

In addition to the system explication and helping people to infer correctly, the
simulation model serves a number of purposes to system modellers (Morecroft
2007: 85). Maani and Cavana (2007: 59-60) identified the purposes of the computer

simulation model as follows:

e More information can be contained in a computer simulation model than in a
conceptual model [CLD]

e Causal relationships and assumptions can be formulated clearly and
unambiguously

e Once the model has been validated, it can be used reliably to simulate
alternative model experiments without manual errors

e Assumptions can be altered easily for different experiments

e Experiments can be performed readily with different structures and policies

e Sensitive parameters or assumptions can be located quickly through repeated
simulations

e Uncertainties and errors can be incorporated into the model explicitly

e Graphical and tabular output can be communicated easily to management or
model users

e The model provides a laboratory tool for learning about the behaviour of the
real world.

The SD model development consists of a number of steps. Luna-Reyes and
Andersen (2003) identified the existence of variation in steps or activities in terms of
the number of the steps and the name of each step. Although in terms of the overall
understanding of the SD modelling process they are the same, the number varies
from three to seven. Sterman (2000) described the SD modelling process as shown

in Figure 4.1. This figure indicates that in addition to sequential steps of the model
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development, the processes are iterative in nature, as also underlined by Coyle

(1996). In addition to the main cycle that links one step to the next one, the web-like

diagram drawn inside the circle in Figure 4.1 represents that it is possible from any

step for a modeller go back to any previous steps.

1. Problem Articulation

/ (Boundary Selection) \

5. Policy

. 2. Dynamic
Formulation Hvoothesis
& Evaluation P /

4, Testing 3. Formulation

Source: Sterman (2000: 87)

Figure 4.1 General SD modelling process

Sterman (2000: 86) further explained the general steps in Figure 4.1 as follows:

1.

In the first step, the problem being addressed by the model is articulated,
key variables are identified, the time horizon is determined, and reference
modes or historical and possible future behaviour of key concepts are
defined.

Dynamic hypothesis is formulated. In this step, current theories used to
explain the problem are defined focusing on the endogenous variables and
their feedback relationships. A causal loop diagram can be used to develop
and represent this hypothesis.

A simulation model is formulated. In this step, the structure of the model is
specified and parameters, relationships, and initial conditions are
estimated.

The simulation model formulated in step 3 is then tested. This is the model
validation step. There are various testing procedures that should be
followed in order to validate the model — that is, to ensure a confidence in
the model usage and usefulness. It is imperative that the test is performed

from the very early stages of the model construction.
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5. At the fifth step, once a sufficient level of confidence about the model has
been established, the model can be used to design and analyse policies.
What-if analyses or scenarios can be specified and their effects can be
evaluated by using the model.

4.3 Research design

4.3.1 Key research questions
Based on the research gaps identified in Chapter 2, the main and broad

research question can be stated as:

¢ What are the relationships between e-government success factors in influencing

e-government success in developing countries?

Referring to the review of eGSFs and their relationships presented in Chapter 3,
responding to this main research question will necessitate a complicated model of
relationships that does not assist model users to understand how the eGSFs relate
to each other and influence e-government success. Consequently, the detailed
relationships pertaining to all identified success factors will not be modelled.
However, as has been argued in the previous section that acknowledged eGSFs are
a system, the myriad eGSFs need to be organised into a manageable number of
subsystems to provide a holistic view of the success factors, while at the same time

facilitating the decision-makers or managers to focus on a particular subsystem(s).

e What is a holistic view of the eGSFs system? What are the subsystems of

this holistic representation?

Following the scope of the research, the review of the eGSFs in Chapter 3 and
the context of the eGSFs system, the specific and detailed research questions are
presented as:

¢ How do dynamic feedback relationships between SM and IS staff motivation-

related success factors influence e-government success in developing
countries?

e What are the success factors that have high leverage on e-government

success? How do these success factors influence e-government success in

term of the chain of causal relationships between eGSFs?
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4.3.2 Research outcomes

The research will result in a system dynamic model that formally explicates the
dynamic feedback relationships of the eGSFs within the scope of the research. It is
a computer simulation model that serves as a virtual world where
managers/decision-makers of an e-government system in developing countries can
experiment with their decisions. The experiment informs the consequences (what
will be affected at what level and when) for any decisions they make. The model
also facilitates learning by understanding the trace effect of changing a factor and

the impact of this change.

The outcomes of the research are that the model users (decision-makers,
managers and developers) understand and become aware of the complexity of
eGSFs (their wide dimension and relationships) and that in many cases the
relationships between eGSFs are more important than the eGSFs themselves. This
understanding enables them to make fruitful decisions, take actions to ensure e-
government’s long-lasting success, and have sound justification for any decision

made.

4.3.3 Overall design

Considering the key research question and the adopted research approach, the
overall research design to formally model eGSFs and their relationships is described
in Figure 4.2. The design consists of two main stages, the first being the eGSFs

system decomposition and the second the eGSFs SD modelling.
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Figure 4.2 Overall research design.

The first stage is meant to view the eGSFs as a whole system or to see the
“forest” (Maani & Cavana 2007: 9) which consists of success factor subsystems.
This stage results in a presentation of the eGSFs system which provides a holistic

view of the success factors and gives the context of any detailed model of the
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eGSFs system. At this stage, the way the eGSFs system and subsystems will be
presented relies solely on the comprehensive review of the relevant eGSF literature.
This includes the way the eGSFs system is decomposed into lower-level
subsystems and sub-subsystems. The decomposition process is elaborated further
in sub-section 4.4.2. It must be noted that, as the purposes of the decomposition
modelling in this study are to obtain a broad overview of the eGSFs system, to
organise the eGSFs system in a manageable number of subsystems and sub-
subsystems and to serve the context of a more detailed success factor dynamic
relationships modelling, the validation of the system decomposition will not be

pursued.

The second stage is intended to investigate eGSFs and their relationships in
greater detail, or to see the “trees” (Maani & Cavana 2007: 9). Based on the
research questions and referring to the subsystems or sub-subsystems of eGSFs
system decomposition, this is the stage where a formal model of the complex
feedback relationships of the eGSFs, resulting in an eGSFs SD model, will be
developed. This stage specifically responds to the specific and detailed research
guestion: to formally model the success factors and relationships of e-government
system SM and IS staff of the e-government systems that lead to e-government

success in developing countries.

The model development of this stage starts with articulating SD problems. In
addition to the research question, this narrative problem formulation uses the factors
and relationships identified from the e-government system SM and the IS staff
motivation related literature review. This formulation, which also reflects the
boundaries of the system under interest, is used as the basic “information” for
eGSFs SD model version 1.0.

The next step is to construct eGSFs System Dynamics model version 1.0, which
is represented as a CLD and an SD simulation model. The first diagram is the
gualitative representation and the second is the quantitative representation of the
eGSFs SD model. The CLD also serves as the dynamic hypothesis, referring to
Figure 4.1. The literature review of the SM and IS staff motivation-related success
factors and their relationships will be used as the source for the SD model
development. The CLD will be constructed first and then, based on this diagram

along with the information drawn from the literature, the initial SD simulation (version
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1.0) will be developed. The model will be developed in a stepwise fashion. For the
rest of this chapter, “the model” means the SD simulation model or quantitative

representation of the eGSFs SD model.

At this stage a validation process takes place along the way as the model is
being developed. As more elements and relationships are added from the relevant
literature, the validation process will be performed on a computer by evaluating and
testing the model against some criteria of SD method. Equations and structural
relationships that are gradually embedded within the model will also be manually
and visually evaluated. Therefore, this validation process can be called a desk
validation. It results in a refined model, which is in turn used as an input for the CLD
refinement. Overall, the output of this process is eGSFs SD model version 1.1. The

elements of SD validation process will be presented in section 4.5.

The model version 1.1 needs to be validated by a real e-government system. A
case study will be conducted for this purpose, to ensure that the model is confirmed
with the real-world system in addition to the facts available in previous research.
Data from the case study will be collected using instruments developed from the
eGSFs SD model version 1.1. The case study description will be given in subsection
4.5.3.

A case which satisfies a set of criteria stipulated by this research will be
selected. The case is an e-government system in a developing country and should
at least satisfy the working definition of the e-government success criterion. The
findings will be presented and used to confirm or disconfirm the elements and
relationships of eGSFs SD model version 1.1. The findings will also be used as an
input to refine the structure, elements and relationships of the model, as well as to
set its parameter values. Both the CLD and the model are refined and therefore their
structure and parameters are validated by an actual e-government system. This

results in an eGSFs SD model version 2.0.

It is highly probable that the SD simulation model version 2.0 is different from the
model version 1.1 in terms of its structure, elements, relationships etc. Therefore,
the model version 2.0 requires further desk validation using a set of criteria specified
by the SD method. A result of this validation process is possibly further refinement of

the CLD and the simulation model version 2.1 which can be used confidently to
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assist e-government decision-makers or managers to achieve e-government

success from the perspective of SM and IS staff management.

The eGSF SD model version 2.1 is the validated and final formal model of this
study. Therefore, the model can be used to give insight into the complex dynamic
feedback relationships of the eGSFs of a successful e-government system in a
developing country. The model can also be utilised to assist the e-government
decision-makers or managers in developing countries to evaluate and analyse
success factors and their relationships, reflecting policies that lead to e-government
success or failure. These evaluations and analyses, or design, can be conducted by
introducing the policies into the validated model by changing the structure, adjusting
the level of influential factors or altering the time factor, and by running simulations

of this adjusted model.

4.4 Model development and representation

4.4.1 Introduction
Following the research design, this section presents the technical details of the
model development and representation. For this, the system decomposition will be

presented first and followed by the SD modelling method.

4.4.2 Decomposition

As the first stage of the research, the system decomposition of the eGSFs
provides a description of the eGSFs as a whole system which is decomposed into
subsystems and sub-subsystems. Naturally, a system decomposition is a top-down
process (Burton-Jones & Meso 2006). It starts with the system as a whole, identifies
the subsystems according to a specific reference, then discovers further sub-
subsystems if necessary. Analysts can conduct system decomposition and proceed
in their own way (Paulson & Wand 1992). In spite of a lack of theory regarding the
sufficient conditions for a good decomposition, modellers may decompose a system
by referring to 1) functional, 2) behavioural, 3) organisational, and 4) informational
aspects of the system (Curtis, Kellner & Over 1992). Among these references, the
well-known Yourdon’s functional decomposition has been commonly implemented in

the field of IS analysis and design (Burton-Jones & Meso 2006).

In this research, eGSFs and their relationships will be decomposed according to

the functional criterion such that each subsystem, which consists of a set of closely-
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related success factors, represents a function or a role in achieving e-government
success (Whitten & Bentley 2007). An organisation chart-like diagram will be drawn
to represent this subsystem decomposition. This functional decomposition will
proceed by decomposing each subsystem into sub-subsystems. A diagram
depicting the decomposition will then be drawn for each subsystem and its sub-
subsystem. Finally, these separate decompositions are combined into one whole
diagram reflecting the system, subsystems and sub-subsystems. Because the aim
of the decomposition process is to represent diagrammatically the top-down
functional decomposition and system structure, the relationships among the factors
will not be identified (Whitten & Bentley 2007). Therefore, the resulting diagrams do

not inform the relationships among these subsystems.

4.4.3 Problem articulation

As with any other modelling effort, the SD modelling needs to identify and
formulate the problem to be addressed clearly and purposefully (Coyle 1996; Maani
& Cavana 2007; Sterman 2000). This includes:

¢ identification of the SD model purpose

e narrative description of the dynamic feedback relationships problem

¢ identification of the main variables and concepts

¢ specification of future and past time horizons

e graph development depicting problem behaviour over time (or reference
modes) (Sterman 2000).

For this research, the formulation will begin with specifying the dynamic
behaviour of e-government success and the time horizon. A time horizon will be set
up for e-government system success and various possible dynamic behaviours over
this time horizon will be identified. As specified by the scope of the research and as
argued in Chapter 3, e-government system software sustainability represents e-
government success. Therefore, e-government system software sustainability will be
plotted over a two-dimensional graph in which the time range is set as the horizontal
dimension and the level of e-government system software availability as the vertical
dimension. As also argued in Chapter 3, sustainable software means a relatively
high level of software availability over time. This graph illustrates the reference

modes of e-government system success.
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4.4.4 Causal loop diagram

A CLD consists of words or phrases which are linked by curved arrows, each of
which has attached polarity and time delay symbols (Morecroft 2007; Sterman
2000). The arrow represents a causal relationship between two factors. The diagram
visually conceptualises the dynamic relationships associated with the problem being
studied. A CLD symbolises a framework emphasising the relationships instead of
the things and focusing on the dynamic change instead of static snapshots (Senge
2006).

As a dynamic hypothesis, the diagram offers an explicit provisional presentation
of the researcher’s understanding and view of the causal feedback relationships and
dynamics structure of the problem (McLucas 2005; Morecroft 2007; Sterman 2000).
It is subject to modifications, improvements or even objections during model
development and learning from the real world through the iterative process
(McLucas 2005; Sterman 2000). Furthermore, Sterman (2000: 95) states “[a]
dynamic hypothesis is a working theory of how the problem arose”.

The CLD is formulated by referring to the relevant theories associated with the
formulated problem. The formulation is also based on the researcher’'s mental model
associated with the research problem. This hypothesis development puts together
the main endogenous factors (that arise from within the system), reference modes,
time delay, feedback structure and currently-used theory that explain the dynamic

behaviour of the problem.

The development process begins with a simple causal feedback relationship
structure originating from the main endogenous factors of the problem formulation.
The formulation will be improved in detail through the inclusion of relevant
endogenous factors or further elaboration of the current dynamic structure of the

dynamic hypothesis.

Within the current context of this study, starting from the dynamic behaviour of e-
government system software sustainability, endogenous success factors within e-
government SM and IS staff motivation domains that cause this dynamic will be
brought forth. Included within the identification process is the time delay taken by a
success factor in influencing other success factor(s). A success factor of the eGSFs
model being developed by this study can be a condition, situation, action, decision

or physical element’s condition within the domains that can influence and be
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influenced by other success factors; and both quantitative and qualitative success
factors are possible.

The success factors within SM, the expectancy theory and IS human resource
management are the endogenous ones, while those from three other high-level
eGSFs (see section 3.2) and other stages of the e-government system life cycle
(see section 2.2.3) are considered exogenous — that is, a variable’s values or
behaviours are assumed or given, and the chains of cause and effect that lead to an
increase or decrease of the exogenous level are not pursued. The differentiation of
the endogenous and exogenous success factors provides information about the
boundary of the model. The decision on whether a success factor is exogenous or

endogenous is dependent on the scope of the problem.

After the identification of the success factors, chains of pairs of cause and effect
of the success factors that form a causal-loop relationship will be identified. The
process starts from the key success factor. It will be then followed by identifying
other relevant success factors that influence the key success factor. This process
continues such that the last factor is influenced by the key success factor.
Accordingly, this chain of causal relationships forms a feedback loop. The resulting
causal-loop relationships provide a provisional explanation about how the success
factors are linked together and how the dynamic behaviour of the problem can be

explained.

e Technical aspects of the causal loop diagramming

To construct the diagram, the following technical guidelines (Coyle 1996; Maani
& Cavana 2007; Morecroft 2007; Sterman 2000) were utilised. To properly construct
the diagram, the guidelines should be followed closely (Sterman 2000). The brief

guideline is described as follows.

The causal relationship between a pair of success factors is depicted by a
curved arrow with the arrowhead pointing to the effect factor. During the
identification of the cause effect, the polarity of this causal relationship also needs to
be identified to find out whether an increase or decrease of the cause factor causes
an increase or decrease of the effect factor. A “+” or “—* sign is attached next to the
arrowhead, where “+” means both success factors change the same direction while
“—* means the pair changes different directions. During this identification, the name

of the success factors is associated with a positive perception and is clearly
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associated with an increase or decrease of its value. The polarity of a cause effect
depends on circumstances or assumptions adopted; therefore it is possible to have
different polarities under different assumptions. However, any link between two
success factors should not have ambiguous polarity. If such ambiguity exists, it
usually means there are more causal paths connecting the two success factors and

it is necessary to make all the paths explicit.

In addition, it must be noted that in many cases the effect of an action or
decision or policy is not always immediate. There is a time delay in order for a cause
to have a full effect and this delay creates dynamics. Therefore, within the causal-
loop diagram modelling it is very important to identify and show the delay. A delay is

represented by a double-slash drawn crossing the arrow.

Furthermore, once a feedback loop is revealed it is necessary to identify its type.
There are two possible feedback types: reinforcing or positive and balancing or
negative feedback loops. If initially an increase or decrease in one particular
success factor within the loop results in a further increase or decrease in that
success factor over time, then the loop is a reinforcing feedback loop; otherwise it is
a balancing feedback loop. A reinforcing feedback loop creates a persistent increase
or decrease, while a balancing feedback loop causes oscillation over time that leads

to a particular level. Every feedback loop contains a story.

4.4.5 System Dynamics simulation
e SD simulation model construction

Once the CLD is considered sufficient and able to represent the nature of the
dynamic relationships of the system being modelled, the next step is to construct the
SD simulation or the model. The main elements of the model are stock (or levels),
flow (or rates) and converter (or auxiliaries); therefore, the model is also named as a

stock-flow diagram. Table 4.1 provides a technical description of these elements.

The construction of the model will begin by drawing a tentative high-level sectors
diagram of the system (Maani & Cavana 2007). The sectors show sub-models of the
possible simulation along with linkages indicating physical and/or informational flows
between the sectors. The linkages are added gradually as the SD simulation

construction improves in detail.
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Following the sector diagram is the identification and construction of stocks,
flows, converters and feedback loop connections among these components
(Sterman 2000). The stocks of the model will be identified and defined by looking up
the elements of the system domain that can accumulate over time, irrespective of
whether the elements are physical or not, while the flows of the model are the
elements that change the level of the stock per unit time. During the initial model
development, the value of stocks will be determined from the relevant literature if
available, or from the researcher’s plausible judgement. The rate of information or
physical inflow or outflow of a stock will be formulated according to the SD

simulation elements connected to the flow.

The relationship form of the model elements, the initial and parameter values of
the model describing the dynamic structure of the system, will also be identified and
defined. However, unlike the stocks and flows, the forms of the relationships
between model elements and the parameter and initial values of the model cannot
be identified or derived from the causal loop diagram; initially they will be identified
and/or derived from information and data from previous relevant empirical research.
It must be noted that the data and information to develop the SD simulation is not
restricted to empirical research only; the sources of the data and information are
diverse and include “observations, interviews, meetings with managers, company records,
historical records and archives, statistical publications, survey responses, media reports and
so on” (Maani & Cavana 2007: 66).

In addition to describing the dynamic structure of the system, the form of
relationship between the model elements, the initial and parameter values will also
be used to instantiate the model. The formulation of the relationships involves
drawing two-dimensional graphs that represent causal non-linear relationships
between two variables, or the effect of time delay on the level of a variable. The
dependencies among model elements can also be represented as a mathematical
formulation, such as a weighted average of two or more model elements. The
relationships, initial values, constants or mathematical formulas in general are
embedded within the converter. The model will be developed gradually from a

simple to the more complex one.
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Figure 4.3 Correspondence between CLD and SD simulations

As the SD simulation (the model) provides much more detail and explicit
description of the elements and their relationships, ambiguous concepts or
representation within the CLD can be revealed, evaluated and refined.
Correspondence between the CLD and the model is presented in Figure 4.3. This
figure describes the iterative nature of SD model development between a causal
loop diagram and SD simulation.

e Technical aspect of the System Dynamics simulation
The elements of the SD simulation are represented as a collection of symbols within
special computer software. Technically, Table 4.1 provides a list of symbols used to

create a stock flow diagram for computer simulation using STELLA® software.
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Table 4.1 Elements of the SD simulation using STELLA® software

Element Notation Description

Level or Noname 1 A level or stock is an accumulation of things over

stock time. It represents a container of physical or non-
physical material, or information. Only inflow
and outflow rates will increase or decrease the
level. The level or stock represents the state of
variables in a system and are determined by the
rate of past accumulation.

Source/sink @ A source and sink is an external source and

repository where flows come from and go to.
Their existence represents the accumulation that
happened beyond the boundary of the modelled
system. The capacity of source or sink is infinite.

Rate or flow

Rates or flows represent the “actions” in a
system. They cause change in the level or stock.
Rates may represent decisions or policy
statements. Rates are computed as a function of
levels, constants, and auxiliaries.

Converter or
Auxiliary

A converter or auxiliary converts input to output.
It provides detail of the structure of stock and
flow, and informs a causal-loop relationship. It
connects a level to a rate. Often, it represents a
constant, mathematical equation or graphical
relationship.

Information
link

Information linkages are used to represent
information flow. They link rates to levels or
auxiliaries. To play their control mechanism,
rates need a connection to other variables (levels
or auxiliaries). Information links help to close
causal relationships.

Source: Adapted from Madachy (2008: 57)

How these SD simulation elements work and what the SD simulation represents

can be described by the following illustration, Figure 4.4.
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Figure 4.4 A simple example of an SD simulation

This simple stock flow model informs that there exist tasks flowing in at the rate
of Incoming_tasks_rate and this causes a stock Tasks_backlog level to increase.
The tasks can be physical or non-physical. The incoming rate is a function of
System_quality and Reported_rework_tasks. The level of Tasks_backlog is reduced
by Tasks_delivery_rate, which is, in turn, determined by a converter Productivity that
keeps the value of, for example, employee productivity. This rate will increase the
level of Tasks_delivered. As the delivery process may not be perfect, some tasks
need rework. However, it is possible that only a portion of the required reworks are
reported, which are specified by Reported_rework coefficient. These reported
reworks add to the rate of incoming tasks. Observation of this flow indicates the
existence of a feedback loop. Another feedback loop can also be identified from this
SD simulation, that is, the number of tasks being delivered can increase
Competence_level by a certain amount determined by Learning_coefficient. The

Competence_level, in turn, influences productivity and therefore closes the loop.

The converter, such as Reported_rework _tasks, Productivity and
Competence_level, may contain a constant, equation or graph that represents a
relationship structure between variables. The converters, stocks and flows are linked

by connectors.
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4.5 Model validation

4.5.1 Introduction

Prior to the use of the SD model for decision-making or for any other purpose,
the model needs to be validated. In the SD method, model validation is meant to
build the soundness and usefulness of an SD model and to ensure SD model users’
confidence in using an SD model (Forrester & Senge 1980). It must be noted that
this confidence is built up gradually in a series of tests which is naturally not
sequential but iterative, following the iterative nature of the SD modelling process
(Barlas 1996). In SD, “[m]odel validation is a gradual process of ‘confidence building’,
rather than a binary ‘accept/reject’ division” (Barlas 1996: 188). This validation process

is only applied to the SD simulation model.

4.5.2 Model testing

Model testing is a comparison between the model and empirical reality in order
to confirm or disconfirm the structure and behaviour of the model. With respect to
the scope and purpose of modelling being studied, this testing is needed to ensure
that “there is nothing in the model that is not in the real system and nothing significant in the
real system that is not in the model” (Maani & Cavana 2007: 70). By “empirical reality”
is meant “information in many forms other than numerical statistics” (Forrester & Senge
1980: 210). This testing is a process for building confidence in the model, as stated
by Forrester and Senge (1980: 209) that:

There is no single test which serves to ‘validate’ a system dynamics model.
Rather, confidence in a system dynamics model accumulates gradually as the
model passes more tests and as new points of correspondence between the
model and empirical reality are identified.

There has not been well-established formal model testing with formally
established steps like in statistical methods (Barlas 1996). Forrester and Senge
(1980: 209) stated that:

The nature of SD models permits many tests of model structure and behaviour
not possible with other types of models. Conversely, some widely used tests,
such as standard statistical hypothesis tests, are either inappropriate or, at best,
supplementary for system dynamics models.
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Generally, there are three categories of SD model testing (Coyle 1983; Forrester
& Senge 1980; Morecroft 2007). For example, Morecroft (2007: 377-8) presented
the three categories of testing as:

e Tests of model structure — to assess whether the feedback structure and
equation formulations of the model are consistent with the available facts and
descriptive knowledge of the real-world system,

e Tests of model behaviour — to assess the fit of simulation to observed real-
system behaviour,

o Tests of learning — to assess whether model users have gained new insight
about system structure or learned something new about real system
behaviour.

For this model testing, Forrester and Senge (1980) and Sterman (2000) have
provided detailed tests to build confidence. Forrester and Senge (1980) identified 17
main tests for the SD modelling, the core of which is presented in Table 4.2 by
Maani and Cavana (2007: 72).

e Test of model structure

The structure test is a means to build confidence in the model by examining the
variables and relationships structures of the variables and seeking their
correspondence with the real world (Morecroft 2007 Ch. 10) of e-government
systems. In doing this test, the association between the structure and the behaviour
of the model is not evaluated (Forrester & Senge 1980). Considering the order of
performing the validation process, this is the first test that will be carried out before
the two other test categories (Barlas 1996), see Figure 4.5.
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Table 4.2 Testing for SD simulation models

Test of model structure

Structure verification

Is the model structure comparable with the structure of
the real world?

Parameter verification

Do the model parameters (constants) correspond
conceptually and numerically to the real system (i.e. real
life)?

Extreme conditions

Are the rate (policy) equations plausible if imaginary
maximum and minimum values of each state (stock)
variable (or combination of state variables) on which
they depend are inserted into the model?

Boundary adequacy

Is the level of model aggregation appropriate and does
the model include all relevant structure?

Dimensional consistency

Are the rate equations dimensionally consistent and do
they include ‘scaling’ parameters that have little or no
real-life meaning?

Test of model behaviour

Behaviour reproduction

How well does model-generated behaviour match
observed behaviour of the real system?

Behaviour anomaly

Can a model assumption be defended if implausible
model behaviour occurs if the assumption is altered?

Behaviour sensitivity

Can plausible shifts in model parameters cause a model
to fail model behaviour tests previously passed?

Test of policy implication

Changed behaviour prediction

Does the model correctly predict how the behaviour of
the system will change if a governing policy is changed?

Policy sensitivity

To what extent are policy recommendations altered by
plausible changes to parameter values, and what risk is
indicated in adopting a model for policy making?

Source: Maani and Cavana (2007: 72)

Structure verification. This test will be performed to ensure that assumptions,

feedback structure and relationships structure of the model do not contradict the

essential elements and structure of the actual e-government system relevant to the

model purpose (Forrester & Senge 1980). The significant aspects of the e-

government system can be obtained from the knowledge of the people who have

intimately dealt with or been important parts of the system (Barlas 1996; Morecroft

2007). This verification can also involve a comparison with the knowledge found in

previous empirical literature or theories (Barlas 1996; Forrester & Senge 1980) and

is highly qualitative (Barlas 1996; Luna-Reyes & Andersen 2003).
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As this test is “intrinsically part of constructing a system dynamics model” (Forrester
& Senge 1980: 226), therefore it will be performed once a first pair of stock and flow
is constructed. To show that the model can be structurally verified, it will be
necessary to indicate qualitatively that the model is consistent with the real system
relevant to the modelling problems and purpose (Barlas 1996). As technical
guidance, several aspects of the SD simulation will be examined that include
conservation laws and physical laws: stock level that might go negative; practicality
of the decision rules for the SD simulation user; and the existence of assumptions
for nothing (Sterman 2000).

Parameter verification. This test is a mean to ensure that the parameters of the
model can be justified conceptually and numerically in a real e-government system
(Barlas 1996; Forrester & Senge 1980: 213). Conceptual verification means that the
adopted parameters exist within the system, and numerical verification means that
the choice of the numerical value of the parameters lies within an actual maximum
and minimum interval. As with the structure verification, this verification can also
involve a comparison with the knowledge found in previous relevant empirical

literature or theories (Barlas 1996).

Extreme conditions. This test will be performed by introducing appropriate
extreme values (negative infinity, zero or positive infinity) to the model (Forrester &
Senge 1980). The plausibility of the resulting values will be compared with the
knowledge of real situations when the same extreme conditions occur. Forrester and
Senge (1980) stated two reasons for the importance of this test: it can disclose flaws
in the model which can go unnoticed under normal conditions; and it is able to
improve the model usefulness by evaluating the system when it is forced to operate

beyond normal conditions.

Boundary adequacy. This test means to evaluate of the appropriateness of the
model aggregation and the relevance of the model structure with the SD modelling’s
purpose which includes “developing a convincing hypothesis relating proposed model

structure to a particular issue addressed by a model” (Forrester & Senge 1980: 215).

Dimensional consistency. The dimensional consistency test aims at ensuring the
measurement units at the left-hand side and right-hand side of an equation in the
model are equal. It is also useful in revealing whether a parameter included in the

equation is meaningful as a component of structure of the model. A failure to pass
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this test indicates a faulty model structure (Forrester & Senge 1980: 216). For this
study, this test will be performed by evaluating the result of the STELLA® software
facility during the model development and refinement process.

e Test of model behaviour

This test “evaluates adequacy of model structure through analysis of behaviour
generated by the structure” (Forrester & Senge 1980: 217). The test is performed once
confidence in the model structure has been built up. It will examine the closeness of
the behaviour pattern produced by the model to that exhibited by an e-government
system. Any revision suggested as a result of conducting this test involves only
model parameter changes (Barlas 1996).

Behaviour reproduction. This test will be performed to evaluate the association
between the time-series output representing the behaviour produced by the
constructed model and the historical time-series data reflecting the behaviour of the
real system in the past. Statistical tools such as Theil's Inequality Statistics might be
useful to assess point-by-point agreements. However, tools of this type should be
used cautiously because this type of fitness test cannot prove a model structure is
correct and superior to other structures (Sterman 2000). Further, Sterman showed
that it is possible for different structures to produce a set of time-series data which

fits with historical data but deviates significantly outside the historical range.

Therefore, following Sterman (2000), to perform this test the time-series output
produced by the model which has passed previous tests will be plotted and
examined against the historical data of e-government success. The closeness of the
modes of behaviour of these two sets of data, such as the phase, amplitude and
frequencies that might reflect possible asymmetries and other subtle features, will

be assessed qualitatively.

Behaviour anomaly. This test will be carried out to evaluate whether anomalous
behaviour takes place if a structural relationship in the model is deleted or modified.
The existence of an anomaly provides evidence of the significant role of the
relationships (Sterman 2000). A loop-knockout analysis will be performed for this
test, such as by setting an adjustment time of a flow to an infinite value, a non-linear
function to a constant, or replacing a disequilibrium structure with an equilibrium

subsystem (Sterman 2000).
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Behaviour sensitivity. This is to test if plausible changes in the model parameter
cause unacceptable behaviour of the structure despite the structure having passed
some tests previously. It aims at evaluating uncertain or imperfect assumptions
about initial values, parameter values and structural relationships that are introduced
to the model. It should be noted that at the beginning of the model development
stage the initial values, elements and relationships are required to instantiate
simulation. However, because they are initially uncertain, these values and
relationships should be settled by subsequently altering the values within a
reasonable range, running the model and inspecting the change of the dynamic
system behaviour. If the parameter with such changes cannot be identified,
confidence about the model structure is improved. The test will be performed
through the facilities available within the STELLA® software by setting a range of
values, such as 10% higher and 10% lower, of a selected parameter. The selected
parameters are those that are suspected to be “both highly uncertain and likely to be
influential” (Sterman 2000: 884).

e Test of policy implication

This set of tests involves a comparison of the impact of policy changes between
the model and the associated actual system. The tests try to judge whether the
impacts as a result of policy changes in the real system are the same as the impacts
predicted by the model. As these tests necessarily involves actual changes, which

are beyond the aims and scope of the study, they will not be pursued.

The implementation of validation process, described in Table 4.2, will follow the
sequence suggested by Barlas (1996) as presented in Figure 4.5. In this figure, the
test of model structure is divided into two categories: direct structure tests and
structure-oriented behaviour tests. It indicates that the validation process can
involve a number of iterations and model revisions. Dashed-lines in the figure
indicate the possibility of omitting direct-structure and structure-oriented behaviour
tests for the subsequent test, only if the model revisions required by the

subsequence tests are non-structural.

In addition to the tests mentioned above, several steps will also be applied in
order to build confidence in the model (Coyle 1996: 96-7). They include the
evaluation of the correspondence between the CLD and the SD problem articulation

and the examination of the association between the CLD and the model.

120



Construct and revise model

-

Fails

A 4

Conduct empirical direct structure tests:
- Structure verification
Fails - Parameter verification
Conduct theoretical direct structure test:
- Structure verification
- Parameter verification
- Dimensional consistency

Pagses

A 4

Conduct structure-oriented behaviour tests:
- Boundary adequacy
- Extreme condition
- Behaviour sensitivity

Pagses
A 4

Conduct behaviour pattern tests:
- Behaviour reproduction
- Behaviour anomaly

Pasges

A 4
Implement and use the

validated model

Source: Adapted from Barlas (1996: 194)

Figure 4.5 The steps of SD simulation model validation process

4.5.3 Case study

A case study will be undertaken to ensure that all elements and relationships of
the SD model exist in a real-world system, and all significant and relevant elements
of the real-world are properly modelled (Maani & Cavana 2007). The case study is
performed to implement the model structure test of model validation, especially the
structure verification and parameter verification tests. This empirical test is first a
means of collecting from the system information of interest and using the findings to
confirm or disconfirm the structure and parameter of the SD model (Barlas 1996).
Second, it combines the empirical and theoretical verifications to modify and refine
the SD model, such that the significant elements of the system are in the model

properly, and that the dynamic behaviour of the system of interest can be
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reproduced by the model (Abdel-Hamid & Madnick 1991). As part of building
confidence in an SD model, a single case study has been conducted by much SD
research such as within the seminal work of Abdel-Hamid and Madnick (1991) and
the doctoral dissertation of Fryling (2010).

e Case selection

According to Yin (2003: 40-2) there are five possible reasons for conducting a
single case study. The case may be the critical case in testing a well-formulated
theory, an extreme or unique, a representative or typical, a revelatory, or a

longitudinal one.

Following these possibilities for conducting a single case study, the selected
case will be a successful e-government system in Indonesia. The case is believed to
be representative among many e-government systems that can achieve success in
a developing country context, and a revelatory one as there are many e-government
systems in developing countries, including Indonesia itself, still experiencing various
degrees of failure. In order to satisfy the requirements for a single case study, the
case must satisfy a general criterion of this study: it must have attained success
according to the working definition of e-government system success formulated in

this study.

Therefore, referring to the working definition of e-government success, an e-
government system case will be selected from the secondary data of the winner of
the Indonesian eGovernment Awards. The case will be selected based on its
sustainable achievement in the Indonesian eGovernment Award program in the
sense that it won the award or was within the top three for several consecutive
years. The use of the Indonesian eGovernment Award as one of the criteria is based
on the fact that the program is organised by a non-government organisation which
can provide objective judgement, it had been conducted as a national event for
more than seven consecutive years, and the award has been considered by many
Indonesian government units as a symbol of high-level achievement. As there are
several award categories, a government unit at national level or ministerial level will

be selected.

Before the selected case is contacted about its availability for participating in this
research, information will be collected from its website to ensure that the case

developed its e-government application systems as an in-house project, and the

122



application systems are currently in an in-house maintenance stage. An e-
government systems unit that does not meet these criteria is not suitable for this
research. Once the selected case is considered appropriate, a letter will be sent by
the researcher to the senior manager requesting their availability to participate in
this research.

e Design for the case study
Yin (2003: 21) underlined five components that should be prepared for a case

study:

a study’s questions

its propositions, if any

its unit(s) of analysis

the logic linking the data to the propositions; and
the criteria for interpreting the findings.

akrwbdE

In accordance with these five components, the following descriptions are
prepared to ensure that the case study is properly designed and appropriate
evidence can be collected.

The question. The most appropriate questions for performing a case study are
the ones that pertain to “how” and “why”. As formulated in the research design
section, this research seeks to answer how the eGSFs relate to each other and

eventually cause the achievement of e-government success.

The study proposition. An SD model of version 1.1 serves as the proposition
which guides the investigation of the elements within the scope of a case study. In
addition to its role as a reflection of the adopted theory, the SD model of version 1.1

directs the study in collecting the empirical evidence.

The unit of analysis. This is a crucial aspect of a case study and should be
specified at the outset of the study, as it is about defining what the “case” for the
study is. A selected e-government system which satisfies a stipulated criterion is the
unit of analysis for this study. The description of the unit of analysis has been

presented in the Case selection subsection above.

The link between data and proposition and the criteria for findings interpretation
is associated with how the data will be collected and interpreted. As mentioned in

the previous section, SD model development allows the use of various types of data.
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The data that will be collected about and from the case is also in a variety of forms.
It includes verbal responses from interviews with internal IS staff within the case,
documentation, software and software demonstration etc. For this, the following

subsections present in detail how these activities will be performed.

e Respondent selection

Respondents are an important source of data for SD model development and
validation. As mentioned in the previous section, the respondents should be dealing
intimately with the actual system of interest so that they have deep knowledge in
association with their responsibility for the system. From them it is expected that the
structure and parameters of the SD model can be confirmed or disconfirmed, and
the significant elements of the case can be obtained to refine the SD model.

To select the respondents, the information available on the website of the
selected e-government unit will be used as the first but provisional source. Three
types of respondent will be chosen from the selected case study based on their

managerial level position: senior managers, operational managers and senior staff.

The senior managers are expected to provide the overall description and policy
of the e-government system in relation to the research focus. The operational
managers are expected to provide data regarding success factors and the
relationships being investigated by this study based on their experience in managing
the maintenance of the e-government system. The senior staff who are involved in
e-government SM are expected to give data based on their experience and views on
running the system. The selection of the senior staff will be based on, especially,
their involvement in the implementation and maintenance of the system software. It
will also be based on permission being granted by the senior managers of the

selected case.

In addition to the respondents, the documents relevant to the case, both internal
and external, will also be collected to be used as another data source and studied to
corroborate the interview findings. The internal data documentation requested from
the e-government unit will include the application manuals, output forms, examples
of requests, official letters etc. It is expected that the documentation will provide raw
facts that reveal the dynamic behaviour of the system, its structural relationships or

constants.
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e Data collection techniques

From the selected respondents, the data will be collected through interviews
guided by open-ended, semi-structured questionnaires. Three different
guestionnaires will be prepared in accordance with the three different respondent
categories. The conceptual CLD of version 1.1 and SD simulation structure of
version 1.1 resulting from the SD model development stage will be used to prepare
the questionnaires. One questionnaire will address a broad overview of the e-
government system of the case and will be used to interview the senior managers.
Another questionnaire, longer than those for senior managers, will be used to get
information from operational managers. This second questionnaire covers the
application systems maintenance management and human resource management
of the maintenance staff. The third questionnaire will be used to interview senior
staff and focuses on SM activity, motivation-related factors and competence. All

guestionnaires will be written in the Indonesian language.

In addition to the questionnaires, other data collection tools will be prepared.
They consist of the proposed CLD and SD simulation model structures and
graphical relationships. The CLD of the SD model version 1.1 will be presented
stage-wise, starting from the simplest loop to the more complicated ones. Each
stage is presented on one piece of paper. This CLD will be used to interview the
senior managers by presenting and explaining the meaning of the diagram to obtain
their confirmation or disconfirmation. The SD simulation model version 1.1 will also
be presented and explained to the senior managers sector by sector. The senior

managers’ views towards this model structure will also be pursued.

Prior to their interview, all respondents will be provided with general information
about the research and the voluntary and confidential nature of the interview, and
asked to sign the letter of consent to their participation in the interview and to the
use of a recording device during its course. In addition, a concise overview of the
research, some technical explanations and definitions related to the SM will be
provided before the interview begins. This is to establish common meanings for
some SM terminology. The interviews will be conducted based on respondents’ time

availability and in the Indonesian language.
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o Data analysis techniques

Data gathered from various sources can be qualitative or quantitative. The
collected data from the case study can be verbal responses of the respondents,
documentation and graphs.

To analyse the case study data, the data that provides a general profile of the
selected e-government system will be presented first. This is to show that the
selected e-government system is significantly appropriate within the scope and
boundaries of the research problems being studied and satisfies the working
definition of e-government success. The descriptive presentation covers the general
profile of the selected e-government system, the implemented e-government system
and services provided, the e-government application system sustainability, the in-
house application systems maintenance management and the management of the

internal human resources with specific competence in ICT.

As the aim of the case study data collection is to verify the structure and
parameters of the SD model and the questionnaires are designed based on the SD
model of version 1.1 that represents the proposition of the SD model, therefore the
elements, relationships, quantitative values and time delay of the models will be
used as the referents to analyse the collected data (Yin 2003). Thus, guided by both
the CLD and the model structure, the data analysis will be undertaken.

It starts with the presentation of the CLD as a result of confirmation or
disconfirmation from the senior managers of the case. Addition, deletion or
modification of the success factors and the causal relationships will be carried out
first, followed by identification of new important causal loops, or reconstruction of the
existing essential causal loops if necessary. The findings from the senior managers
regarding the CLD will be corroborated by the data obtained from the operational
managers and senior staff. The data analysis from these respondents will be
organised in accordance with the success factors of the models and the causal

relationships associated with those success factors.

The qualitative analysis will be conducted by understanding and comprehending
the meaning and context of the qualitative verbal responses of each respondent, in
the sense that the data will be understood and comprehended from the definition
given to that element, and identification of what and how other elements relate to the

elements within the models. Any indication from the interviews in relation to the
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success factors and their relationships, verbatim or derived, will be based on what
the interviewees say and how they express the factors (Burchill & Fine 1997).
Conclusions will be drawn from agreement as to the meaning of the responses
among the majority of the respondents. Any disagreement will be brought forth and
further explanation will be pursued from the response provided by that respondent.

On the other hand, the quantitative numerical data provided by the respondents
will be averaged. Further explanation will also be pursued from outlier data. In
addition, the quantitative graphical data will be analysed based on their agreement

and a conclusion will be drawn for each topic.

e Model refinement

For the model structure, the stock and flow and structural relationships will be
compared with the case study findings and the model will be reconstructed based on
the findings. In addition, the quantitative data for the initial values and parameter
values of the model elements obtained from the case study will be used to replace
the initial values obtained from the literature; the constant values, structural
relationships represented by graphs and mathematical formulation will also be

reconstructed.

The case study will result in CLD and SD simulation model version 2.0. As this
refined model contains structural and parametric changes, the desk validation

process will be undertaken. The output of this validation is SD model version 2.1.

4.6 Summary

This chapter has presented the research and modelling methodology to be
employed in order to achieve the research aims. The presentation includes the
adoption of the system approach, which is implemented as system decomposition

and SD modelling.

The research design consists of a modelling process describing the essential
steps of model development: eGSFs literature review, system decomposition, initial

SD model development, case study and SD model refinement and validation.

The SD model comprises a CLD and an SD simulation model of the eGSFs and
relationships. By considering the SD simulation model development and refinement

process, it can be concluded that the model is constructed from a combination of
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knowledge obtained from previous relevant studies, a case study and the

researcher’'s mental model.

The validation process is applied to the SD simulation using a set of model
testing procedures. It serves to build confidence in the use of the computer
simulation model. The validation only deals with the test of model structure and

model behaviour.

A case study will be implemented to collect data from a real successful e-
government system in a developing country and used as part of the model validation

and refinement.

In the following chapter, Chapter 5, the methods will be implemented to develop
the system decomposition of the eGSFs, the initial representation of the CLD and
the SD simulation model. The case study realisation will be presented in Chapter 6,
which describes the realisation of the case study data collection, the selected e-

government system and the SD model validation and refinement.
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Chapter 5 A Model of the Success Factors for an

E-government System

5.1 Introduction

This chapter presents the development of the model in accordance with the
research approach, modelling methods and techniques presented in Chapter 4. The
construction of this initial model refers to the success factors and their relationships

discussed in Chapter 3.

The chapter begins with the decomposition of the eGSFs system. This method
will decompose the eGSFs system into subsystems and sub-subsystems of success
factors, which is expected to provide a holistic view of those success factors. In this
section, SM and IS staff subsystem selection for the focus of study is also

presented.

In the next section, the implementation of the SD modelling method to develop a
formal eGSFs relationships model is described. The presentation is divided into
three subsections following the SD modelling process. First, the SD problem
articulation is presented, including descriptions of model purpose, problem
formulation for SD modelling, reference mode, time horizon and key factors.
Second, a CLD of the success factors from the SM and IS staff subsystem is drawn
and explained. This CLD qualitatively explains how the eGSFs relate to each other
in feedback-relationships in influencing e-government success. Third, an SD
simulation model of those success factors is constructed by referring to the CLD.
The construction is categorised into five modelling sectors: maintenance process;
motivational factors; staff competence; staff allocation and staff development. In
contrast to the decomposition of the eGSFs that provides a broad view, this SD

model presents the detailed relationships of elementary levels of the eGSFs.
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5.2 The e-government success factors system decomposition

5.2.1 First level subsystems

The implementation of the functional system decomposition method, as
presented in Chapter 4, requires identification of the subsystems and their role in e-
government success. Referring to the extensive literature review provided in
Chapter 3 section 3.2, which has identified a wide range of domains of eGSFs,
categorised them into four high-level success factors and indicated their functions in
achieving e-government success, this research argues that the eGSFs system can
be decomposed into four eGSF subsystems, as depicted in Figure 5.1. This figure
reveals the subsystems and their possible complex relationships within the eGSF
system. However, how they actually influence each other will not be explored at this
stage. It is expected that the relationships will emerge from the development of the
success factor relationships at lower levels. This figure also conceptualises
feedback relationships between the eGSFs and the success of e-government. In the
next section, each of these first-level subsystems will be decomposed into its

second-level subsystems or sub-subsystems.

E-government
Success

1L

E-government Success Factors System

Drivers and
Governing Factor

/)

Service Delivery
Management

External
Environment
Factor

|
- /

Information
System
Management

Figure 5.1 The e-government success factor subsystems and their possible
relationships

Driving and Governing Factor subsystem. The function of this success factor

subsystem is to ensure the successful ignition of an e-government initiative, to unite
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the various elements involved, to provide proper direction during the planning and
design phases, to equip the e-government project with all the necessary resources,
to maintain the required operation and growth level, as well as to assure e-

government sustainability.

Information Systems Management subsystem. This subsystem deals with the
management of software, hardware, network technology, data and information,
human resources specialised in ICT, and integration of these elements. A
successful impact of this subsystem is indicated by a highly reliable and available
information system, such that it can sustainably support the human activities of e-

government to deliver values and services to citizens and businesses.

Service Delivery Management subsystem. This subsystem covers all
government entities that use and operate the e-government information system to
deliver government values and services to citizens and businesses. A successful
impact of this subsystem is indicated by highly available, relevant and accurate
information and reliable, responsive and assured services of the e-government

systems.

External Environment subsystem. This subsystem consists of entities or
resources that are not part of the government, as well as activities or processes
associated with them. The role of this subsystem is to ensure that the exchange of
influence between the government and external environment leads to and supports

e-government success.

5.2.2 Second-level subsystems

A further functional decomposition of the first-level subsystem is also based on
the literature review provided in Chapter 3 section 3.2. A complete description of the
eGSF system, subsystems and sub-subsystems as a result of this two-level-down
functional decomposition process is presented in Figure 5.2. Each sub-subsystem
cohesively contains factors and relationships, and is loosely coupled with other

subsystems.
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Figure 5.2 An overall high-level representation of the eGSFs system

The presentation of the detailed view of the eGSF system visualises the
description of the broad range of success factors. It facilitates decision-makers in
managing effort and harnessing resources to achieve e-government success, such
as by focusing on (a set of) particular success factor subsystem(s), while at the
same time being aware of the variability of the success factors that can influence the
level of achievement of e-government development and implementation. In other
words, the decision-makers can focus on a particular aspect while still adopting a
holistic approach to attaining e-government success. A brief description of each of

the sub-subsystems of Figure 5.2 is provided as follows.

Leadership. This sub-subsystem covers all level of government organisation
leaders, their attributes and activities. For example, a top political leader and other
lower-level leaders of a government organisation are required to exist in a
government initiative, provide real support in the development, and give direction

and necessary examples in the use of e-government system services.

Politics. This sub-subsystem includes success factors and relationships
associated with the fact that a government is a political entity. Therefore any

government decisions and activities always involve political aspects — for example,
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decisions to initiate an e-government system development, to establish an e-

government unit and to provide sustainable funding — need political support.

Law and Regulation. This sub-subsystem consists of success factors and
relationships relating to law and regulation required to govern the e-government
system. For example, establishment of e-government units and the way the
government provides services via an e-government system should be based on law.
In addition, the usefulness of the information as an e-government product depends

on the legal value of the information.

Funding. This sub-subsystem comprises the fund resource, its attributes such as
levels of availability and sustainability, and processes and activities dealing with

funds allocation and distribution.

Strategic planning. This sub-subsystem consists of the existence of e-
government strategic planning at various levels, the involvement of stakeholders

during its establishment, and its implementation.

Vision. This sub-subsystem covers vision success factor as resources. To attain
e-government success, e-government system leaders should have a clear,
achievable, shareable and realistic vision that will be used as guidance by all e-

government system stakeholders.

Internal ICT infrastructure. This sub-subsystem is formed by internal ICT
infrastructure resources which consist of hardware, software, database system,
computer network and communication systems. As success factors, they should be
highly available, sufficient, reliable and sustainable. This depends, among other
things, on analysis and design, acquisition, distribution, construction, maintenance,

and replacement.

IS development and maintenance. This sub-subsystem is specifically associated
with complex activities consisting of IS planning, analysis, design, and construction
within a set-up time period, a specific set of objectives and purposes, and a
specified amount of allocated budget. It also involves activities to ensure and realise

sustainable IS.

IS staff. This sub-subsystem consists of human resources who have specialised

skills and knowledge in ICT or IS. As a success factor, full-time IS staff should be
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competent, available, motivated and productive, which can be affected by the hiring

process, learning and training activities, job allocation and organisational rewards.

IS organisation. This sub-subsystem covers the organisational units that
manage IS resource and activities. In addition to the basic management functions of
IS resources, coordination and collaboration with other units to establish e-
government strategic planning and supporting system users are examples of other

essential functions.

Organisation. The organisation sub-subsystem consists of the government’s unit
or organisation resource that uses the IS to deliver government services.
Organisational culture, structure and diversity, as well as coordination and
collaboration among government units are important success factors. Another

important success factor is organisational change management.

Human resources. In this case, the sub-subsystem covers the human resources
who use and in practice operate the application system of the e-government system
to deliver service to citizens or business. Willingness to reduce their authority when
providing government services to citizens and eagerness to learn new technology as
a new and better way to deliver government services are examples of the support

they can provide to the e-government system.

Marketing and education. This sub-subsystem consists of marketing the
existence of an e-government system to citizens and educating them on its benefits

and the advantages of using it. This is required to gain full support from them.

Cooperation arrangement. This sub-subsystem covers success factors related to
cooperation between government and private companies. Resources and expertise
available in private companies could help the government to attain e-government

Success.

General ICT infrastructure. This sub-subsystem includes success factors
associated with the national electronic communication and electricity infrastructure,
and the ever-changing nature of IT resources available in the market. This will affect

the ability of citizens to access e-government system services.
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Socio-economic conditions. This sub-subsystem consists of potential economic
levels and population of the region, which can exercise “pushing and pulling” forces

on e-government growth.

Other factors. This sub-subsystem covers a variety of other success factors
such as the “me too” attitude among government leaders in deciding on e-
government adoption, which can cause the success or failure of an e-government

system initiative.

As indicated, the aforementioned description of the eGSF system decomposition
does not provide information about what the eGSFs are and how they relate to each
other at an operational or low level within and between sub-subsystems. In the next
sections, this level of the success factors and their relationships will be explored in

depth within SM and IS staff subsystems.

5.2.3 Subsystems selection

The eGSF system decomposition constructed in the previous subsections has
illustrated the subsystems and sub-subsystems of the eGSFs. However, this
decomposition has not yet indicated explicitly where the SM and IS staff subsystems
(sub-subsystems) reside. Although justifications for focusing the study on SM and IS
staff subsystems have been provided in Chapter 3, this subsection will describe a
process of moving from a system consisting of subsystem success factors into the
detailed or elementary success factors within the SM and IS staff subsystems. This
process puts these two subsystems and their elementary success factors within the

broader context of the eGSF system decomposition.

As can be seen in the description of the eGSF system decomposition, the
system does not differentiate between whether the success factor is a resource or a
process. For example, quality ICT infrastructure and competent human resources
are resources, while e-government service delivery and IS development are
processes. The resources and processes within the eGSFs system will be identified
and presented using an Entity Relationship (ER) diagram — a database modelling
tool commonly used during system analysis and design of IS development. Figure
5.3 gives an example of an ER diagram which consists of two tables or entities,
Resources and Processes, and many-to-many relationships between the two tables.
The first table consists of resources, for example, ICT Infrastructure, Funds and

Human Resources, which can be detailed into specific resources. For instance,
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Human Resources can be detailed into General Human Resources and IS Human
Resources. Further, the latter resource can be broken down into resources
associated with it — for instance, Knowledge Resource and Motivation. Using the
same reasoning, the second table comprises processes such as e-Government
Service Delivery and IS Development and Management;, and the latter can be
further detailed into IS Construction and IS Maintenance. This many-to-many
relationship between these two tables means one specific resource in the
Resources table is associated with 0, 1 or more members within the Processes table
and vice versa. For example, IS Human Resources is needed for e-Government
Service Delivery and IS Development and Management, and ICT Infrastructure
needs IS construction and IS Maintenance. On the other hand, IS maintenance
needs Knowledge and Motivation of IS Human Resources, and e-Government

Service Delivery requires ICT Infrastructure and Human Resources.

Resources
Process

ICT Infrastructure . .
eGovernment Service Delivery

Funds 50 0O<

Human Resources IS Development and Management
IS Construction

IS Maintenance

General Human Resources
IS Human Resource
Knowledge
Motivation

Figure 5.3 An example of many-to-many relationships between Resources and
Processes

By differentiating resources and processes within the eGSFs system and using
an ER diagram along with many-to-many relationships as shown in the
aforementioned examples, the resources and processes will be explored and
identified by referring to the representation of the eGSFs system decomposition.
They are listed in the Resources and Processes tables accordingly, although
certainly the lists are not exhaustive. Based on this description, the elementary
success factors of SM and IS staff subsystems can be viewed from the whole

context of the eGSF system.

Figure 5.4 shows a number of resources and processes within the context of the
eGSFs system. The shaded areas in the tables indicate the subsystems within
which more detailed success factors and relationships will be pursued using the SD
modelling method. As is clear from the figure, the scope of the success factors being

modelled with this method is e-government SM and IS staff management.
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The reasons for focusing on these subsystems have been provided in Chapter 2
and Chapter 3. In short, this selection is based on the fact that e-government
sustainability, among other reasons, is highly dependent on e-government SM, while

SM performance is influenced by IS staff's motivation and competence as well as IS

staff management.
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e-Government promotion to citizens
Educating citizens
Government-Non Government Cooperation
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Figure 5.4 A visual representation of the selected domains within the overall
eGSF system

5.3 The e-government success factors system dynamics

5.3.1 Introduction
This section describes the development of the formal model of the eGSFs

relationships within SM and IS staff subsystems using the SD modelling method, at
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the same time being aware of the existence of various other eGSFs and
relationships that can affect e-government success, as depicted by the eGSFs
system decomposition.

Referring to the research design in Chapter 4, the model constructed in this
chapter is the eGSFs SD model version 1.1. During the construction of the
simulation model some desk validation also takes place, such as a dimensional

consistency test.

5.3.2 Problem articulation

Model purpose. The purpose of the eGSF SD model is to give insight into the
importance of the complex feedback relationships of the eGSFs in influencing e-
government success, and to show why and how these relationships lead to e-
government success over time. In particular, the model can assist e-government
decision-makers or managers to ensure e-government software sustainability from
the perspective of SM and the IS staff management. The model can also help e-
government stakeholders, especially those from e-government units that still
experience failure, to learn how to achieve e-government success within the scope

of these two subsystems.

Problem formulation for SD modelling. Referring to the e-government success
working definition and based on the selected eGSF subsystems i.e. SM and IS staff
management subsystems, this study operationalises e-government success as e-
government software sustainability. The study further defines software sustainability
as the availability of the software to perform its intended purpose for a specified
period of time after it is developed and implemented. To be available, the required
software must exist, the software’s features to perform the intended functions or to
be used to deliver a (set of) particular service(s) must also exist, and the existing
features must be able to be used to deliver its intended purposes as required.
Because this study focuses on maintenance, how to create the software will not be

investigated.

Software engineering literature has indicated that persistent maintenance in
order to preserve the required software availability level is necessary. Several
reasons exist for this persistent requirement: error-free software is non-existent,
ever-changing business rules, regulations and organisation requirements, IT

innovations, new users’ requirements, and even the maintenance itself. If the
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organisation is unable to perform the required SM the functionality of the software
will degrade, which means the ability of the software to deliver a particular level of
services also degrades. This degradation will eventually lead to abandonment of the
software much earlier than its intended lifetime, which in turn jeopardises the service
delivery of the e-government system. In the worst situation, this problem can cause
e-government system users to leave the system and hence lead to e-government
system failure. The pace of software performance degradation depends on SM

performance.

Software maintenance performance, that is, the ability of the organisation to
cope successfully with the software performance degradation, depends mainly on
the performance of the IS staff. This performance in turn depends on the willingness
of IS staff to exert the necessary level of effort. There are many factors that can
motivate IS staff to maintain high-level performance or improve to a high-level of
performance, such as received organisational rewards, competence, jobs
characteristic and the maintenance environment. The expectancy theory has shown
that there is a dynamic feedback relationship between staff’'s effort, performance

and rewards.

Information systems staff competence largely determines their maintenance
performance. However, relative to ever-advancing IT, the level of competence tends
to become obsolete over time and therefore a continual update of competence is
essential. This can be achieved through effective and periodic training as well as
effective jobs allocation. Effective job assignment can also improve the competence

level through effective learning by doing.

Organisational rewards can also significantly influence the degree of IS staff
turnover as well as absence level, because IS staff will judge whether or not the
received rewards are in balance with their effort and performance. Both turnover and
absence level directly affect the total organisational effort exerted for SM. However,
it should also be noted that the provision of organisational rewards certainly

depends on staff performance.

Reference mode. Referring to the problem formulation for the SD modelling
described above, the reference mode of e-government success is defined by a high-
level of e-government software availability over time. Focusing on the steady-state

performance, the availability is measured by the ratio between the number of
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successful maintenance deliveries and the number of maintenance requests at a

particular time.

This availability depends on the software errors occurring during service
delivery, new requirements for software enhancement to maintain or improve
service delivery, and SM performance. The ratio is formulated by assuming that all
critical errors and enhancement needs materialise as maintenance requests and are
always given the highest maintenance priority. By using this measure, e-government

success is indicated by steady-state ratio values close to 1 over time.

A two-dimensional diagram in which the ratio and time are represented as the
vertical and horizontal dimensions respectively is drawn to represent the reference
mode. The diagram is depicted in Figure 5.5. This figure also describes the

availability level of unsustainable software.
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Figure 5.5 Behaviour over time of steady-state software availability

The years that label the horizontal dimension are for illustrative purposes,
showing that unsustainable software can only be used to deliver e-government
services over a relatively short time, while sustainable software can operate
consistently to deliver services for a long period, at least as long as its designed
lifetime. It is assumed that actual new functionality requirements continue to arise
and need to be addressed. However, at a particular point of time the cumulative
level of implemented maintenance, from many perspectives, is such that it is no

longer feasible to maintain the software but rather it must be replaced.

140



Time horizon. Several previous studies, for example Krishna and Walsham
(2005), defined e-government sustainability as if it can operate and grow for at least
four years, while Burch and Kung (1997) showed that software replacement is taking
place after five years of the software in operation. Based on this data from previous
studies, the time horizon is set to five years. This setting also assumes that the
normal length of time of government administrators hold their administrative power
in developing countries is five years. Beyond this length of time, the problem of
sustainability is more likely to depend on political than IS related factors, in the
sense that the e-government software is unsustained because the political leader

ceases its operation.

Key variables. Related to the problem formulation of SD modelling, several key

or main factors can be inferred and are listed in Table 5.1.

Table 5.1 Main factors of SD modelling

Endogenous Exogenous
Software availability level Software quality resulting from a software
development project.
SM performance Environmental pressure for
enhancements
SM requests Ever-advancing IT

IS staff effort and competence

Training and learning by doing

Rewards

IS staff performance

IS staff turnover and absence level

SM characteristics and environment

5.3.3 Qualitative representation of eGSF relationships

Figure 5.6 presents the CLD of the key success factors of the eGSF system,
conceptualising their complex feedback relationships. This is of version 1.0. The
development of this conceptual CLD is based on the problem formulation presented
above and the literature review described in Chapter 3, sections 3.3 and 3.4.
Therefore, this CLD proposes how the eGSFs relate to each other in a qualitative
manner that eventually results in e-government success, and how the success

influences back to the success factors.

141



To facilitate the presentation describing the relationships, the logic behind the
construction of this diagram will be explained based on its sub-diagrams. The way to
understand the diagram refers to the technical aspects presented in Chapter 4,
section 4.4.4.
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Maintenance process. Figure 5.7 presents a subset of Figure 5.6 relating to the

e-government maintenance process.

In essence, the level of software availability is influenced by three factors. First,
it is positively influenced by software quality resulting from the development project.
Software with a lack of quality produces more errors and does not satisfy its
designed requirements; therefore, it is less available to deliver its intended services.
Second, it is also affected by environmental pressure for enhancements but in a
negative direction. If there are many changes in the organisation which affect the
delivery of services, many new requirements by users’ and changes in IT, then there
are more requirements that need to be accommodated by the software, which in
turn reduces its availability level. Third, the level of software availability is also
negatively influenced by the maintenance itself, through the increasing software
complexity and recurrent maintenance requests. In turn, the software availability

level will negatively influence the MRs.

maintenance/\ total actual
workload + effort
+ required effort
+1
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Figure 5.7 Causal loop relationships between success factors of the
maintenance process

Any e-government SM is always initiated by a maintenance request, which can
originate from users, either internal or external, or from the IS staff itself. The
maintenance requests occur randomly and a large number of maintenance requests

means large workloads of maintenance. The workloads depend on both the degree
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of difficulty of a maintenance problem and the number of workloads at a particular

time unit.

Therefore, solving any kind of maintenance problem requires two things
simultaneously: staff effort and competence. However, as the required effort and
competence cannot always be fulfilled, then the differences between the required
and actual cause gaps between these two pairs. If the average current competence
level of IS staff is high, then the competence gap will be narrow and if the total
actual effort exerted by IS staff is high the effort gap is also small. These gaps affect
completed maintenance delivery level and quality. The delivery level will also be
positively affected by smoothness of communication with the environment (other
competent colleagues and users) to obtain their support. The higher the gaps, the

lower the delivery level and the maintenance quality.

The level of delivery then has a positive influence on the level of software
complexity, which itself accumulates over time. However, we have to be cautious in
interpreting this relationship, because a lower level of delivery does not mean a
lower level of software complexity. It is as in the case of the relationship between
birth rate and population number: a reduction in birth rate does not mean a reduction
in population number. Any maintenance delivered always adds to software
complexity irrespective of whether the delivery level is high or low. Thus the
relationship means that an increase or decrease in delivery level increases or

decreases the rate of change of software complexity.

On the other hand, the quality level of maintenance has a negative effect on
recurrent maintenance. This recurrent maintenance takes place when a fault caused
by delivered maintenance becomes evident at some point of time in the future, or
when the requesters repeat their request due to cancellation, incomplete delivery or

rescheduling.

In turn, software complexity and recurrent maintenance negatively affect the
software availability level. It has been indicated by SM literature that more complex
software, especially that with long SLOC, is more prone to error than less complex
software; therefore, this results in the reduction of software availability. In terms of
recurrent maintenance, the more recurrent maintenance occurs the lower the

software availability.
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Here, the software availability level, as a result of implemented SM, also

measures SM performance.

Motivational factors. Figure 5.8 is another subset of Figure 5.6 which presents
feedback causal relationships of the motivational factors. The CLD in Figure 5.8 is a
representation and implementation of the expectancy theory and other related

factors in an e-government SM context.
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Figure 5.8 Causal loop relationships of the motivational success factors

In this case, the effort factor of the expectancy theory is represented by actual
individual effort, total actual effort and the effort gap. Individual effort is defined as
the amount of time (hours) for a period of time (such as one day) spent by IS staff to
work on an assigned maintenance task. Total effort represents the organisational
effort in terms of its staff spent in performing maintenance tasks for a specified
period of time. It is a multiplicative function of individual effort and total staff. As the
actual individual effort increases, so the total actual effort also increases, assuming
the total staff is constant, which in turn reduces the effort gap. It is also assumed

that staff only perform maintenance tasks.

The delivery level and maintenance quality, which represent maintenance
performance, positively influences both actual organisational rewards and staff
expectation of rewards. Any discrepancy between these two will affect staff
satisfaction over the rewards provided. As underlined by the expectancy theory, the

value of the actual rewards depends on how the IS staff perceive their value. In turn,
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this satisfaction will positively affect staff perception of their needs and goal
fulfilment and negatively influence experienced staff turnover. A high level of staff
perception of their needs and goal fulfilment improves actual individual effort and
reduces the absenteeism level, which in turn increases the total actual effort. On the
contrary, the staff may be present in the workplace but not exert their full effort in
maintaining the software as a result of their perception that their effort does not give
rise to the fulfilment of their needs and goals. An increase in the absenteeism level
may be assumed to be the staff's attempt to fulfil their needs and goals from other

places, as has occurred in many developing countries.

In addition, much research has shown that unsatisfied and experienced staff
tend to leave the organisation. This is so because they can see opportunities to
obtain more rewards, considering their current level of experience and competence.
In other words, if staff satisfaction over received rewards decreases, then
experienced staff turnover will increase. This eventually negatively influences the

total actual effort through the total staff factor.

The expectancy theory also mentions that staff understand that the rewards can
only be obtained by performance. An observation made by staff towards their
performance could lead to a change in their exerted effort level, which in turn
influences the performance level. The staff tend to raise their effort — for example, by
increasing the amount of working hours solely dedicated to maintenance — if their
normal effort does not lead to their expected performance, and the other way
around. These relationships are expressed as a balancing loop of delivery level >
actual individual effort - total actual effort > effort gap - delivery level.

Some research has indicated that the e-champion plays an important role in e-
government success. An e-champion is a staff member who has specific personal
goals, the goals of an e-champion. In this case, the maintenance workload factor
positively influences the need for achievement of an e-champion, which in turn also
positively affects e-champion effort and eventually this positively influences the total

actual effort.

Competence development. Figure 5.9 is another subset of Figure 5.6 which
presents feedback causal relationships of IS staff competence-related factors. In this

subset, the key success factor is the average current competence level.
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The average current competence level expresses the average nominal amount
of maintenance tasks that can be completed for a particular period of time by a staff
member when there is no loss factor. In this situation, the staff is fully motivated, the
supporting facilities to perform maintenance is perfect, etc. It is assumed that this
level is associated with the level of formal education of the staff, in the sense that
staff with higher levels of formal education are assumed to have a higher level of
competence than those with a lower educational level.

The average current competence level is negatively influenced by an exogenous
factor called competence obsolescence due to IT advancement, but the decrease in
the competence level takes time. There is a reinforcing loop which links the average
current competence level, competence gap, delivery level and learning and
experience levels. To a degree, any completed maintenance delivery level improves
staff’'s learning and experience levels. Through time, as the exposure to various
challenges of maintenance increases in the course of the increase of the delivery
level, then the staff's experience also increases. The increase in staff experience

causes the average current competence level to increase as well.

competence——
=
gap maintenance experienced staff
- quality turnover
delivery level
needs for  actual training
+ training
learning and
competence obsolescence . +
R experience level
due to technological change new staff
+
training gap

+

A average current fractions of
~ competence level inexperienced and

\_/ experienced staff

Figure 5.9 Causal-loop relationships of IS staff competence-related success
factors

The average current competence level also relates to training, especially in
response to the competence obsolescence due to IT advancement. The increase in
the average current competence level, through narrowing the competence gap,
improves maintenance quality which in turn reduces the needs for training or, at

least, the level of training needed. The need for training and the actual training,
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which responds to the need for training, will determine the training gap which
represents the value or effectiveness of training to the improvement of the average
competence level. Assuming the actual training and the competence obsolescence
factors are at a constant level, a higher need for training will widen the training gap
which indicates a decrease in the average current competence level. On the other
hand, the need for training is negatively influenced by the average current

competence level.

The fractions of inexperienced and experienced staff negatively influence the
average current competence level and positively affect the need for training.

Experienced staff turnover and new staff determine the fractions.

5.3.4 Simulation model of eGSFs relationships — Introduction

The previous section has presented the development and explanation of the
conceptual CLD of the eGSFs based on the existing research. This diagram has
shown how, conceptually, the success factors relate to each other in influencing e-
government success in a qualitative way. Therefore, the diagram at this stage of
research attempts to provide a perspective on why and how the eGSFs affect e-

government success.

In the following section, the SD simulation model will be developed. The model
is an initial and conceptual representation of the eGSFs and their relationships in a
gquantitative way. The development will be based on the understanding of the
eGSFs CLD and the literature review presented in Chapter 3, section 3.3 and 3.4. In
the following model development, the success factors and the relationships that
have not been described explicitly in the CLD will be formally constructed, such as
the range of the level of a factor and the form of the relationships. However, it must
be noted that it is not possible to achieve one-to-one correspondence between the
factors in the CLD and those in the simulation model, because the model provides

more explicit detail of the factors and their relationships.

During the model construction, constants, initial values, graphical relationships
and mathematical equations are introduced which are used to represent structural
relationships among factors. Constants, initial values and forms of graphical
relationships are based on previous relevant empirical studies wherever possible;

however, plausibly estimated values and graphical forms are used for those
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elements for which the empirical data is hard to obtain. The simulation time unit is
set to one quarter and the simulation time length is set to five years or 20 quarters.

During the construction, the structure and parameters of the model are cross-
checked with the existing literature; the introduction of parameter values and
relationships forms is evaluated through the examination of the dynamic behaviour
of the model at that particular stage of model construction, and the dimension
consistency of each of equation being formulated is also checked. This checking is

part of the desk validation.

Referring to the conceptual CLD, the model is organised into five sectors:
maintenance process; motivational factors; staff competence; staff development and
staff allocation. The sectors are created such that each sector contains relatively
coherent factors. Arrows shown in the figure indicate the relationships of between
sectors. These sectors are depicted in Figure 5.10 which is obtained from STELLA®

software.
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Figure 5.10 The simulation model sectors of the eGSF relationships

The model development and presentation follow this five-sector sequence. The
visual representation of the model will be given first, followed by a description of the

construction of the model elements.
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5.3.5 Simulation model of eGSFs relationships — Maintenance process
Figure 5.11 presents the initial and conceptual model of the maintenance
process sector. The maintenance process begins when a new maintenance request
is accepted by an IS management unit. The maintenance requests (MRs), which
occur randomly over time, originate from exogenous and endogenous sources. Any
accepted MRs will be classified, prioritised and assigned to a staff member or team
of staff. The classification of MRs also means they will undergo different
maintenance processes: corrective maintenance and enhancive maintenance. At
the end of the process, successfully delivered maintenance certainly will increase
system size or complexity and may generate further requests. The proportion of
successfully completed maintenance tasks relative to the MRs, named the
Delivery_and_request_ratio, measures the SM performance and software

availability level.

Because this study deals with government units that develop their own software
to deliver their specific services, it focuses only on closed-developed software.
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Incoming MRs. Referring to Figure 5.11, the dynamic number of MRs is
symbolised by a stock named Maintenance_request. The level of this stock is
determined by the incoming flow of the requests and the outgoing flow of the
request classification. This stock also indicates the number of maintenance tasks, or
workload. Accordingly, the unit for this stock is tasks. The rate of the incoming flow
is represented by Maintenance_request_variation which is formulated as:

Maintenance_request_variation = New_maintenance_request +

Recurrent_fault_back_variation.
The New_maintenance_request factor of this equation is formulated as:

New_maintenance_request = Impact_of system_size_on_NMR *

Impact_of time_on_NMR,

where the first factor represents the impact of system size on new maintenance
requests (NMRs) and the second represents the impact of time on NMRs. On the
other hand, the Recurrent fault_back variation is the variation of incoming MRs
classified as recurrent maintenance due to the ripple effect, incomplete maintenance
delivery, or cancelled or postponed maintenance. The wunit for the

Maintenance_request_variation is tasks/quarter.

Software size or complexity. As shown by much literature reviewed in Chapter
3, software size or complexity influences software faults that can turn into MRs if
reported. Much of the existing research used the SLOC to represent software size or
complexity to predict software faults for its simplicity and concluded that the larger
the software module, the higher the number of faults that may be contained in that
module. Among various models that use the SLOC to predict the number of faults,

this study uses a highly simplified negative binomial model:
the number of faults = exp(-1.636 + 1.047*log(SLOC))

to describe the relationship between the SLOC and the number of faults. Graphical

representation of this formulation is given in Figure 5.12.
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Figure 5.12 The impact of the system size on NMRs

Although Figure 5.12 is built on the idea of a relationship between system size
and the number of faults, it is assumed that all faults turn into MRs. Therefore it
represents the impact of the system size on the number of MRs. In addition to
representing the faults, it is assumed that other type of MRs also follow this
relationship. Based on this assumption, the equation represents the impact of the
system size or complexity on the number of MRs which leads to NMRs or
Impact_of_system_size_on_NMR. It can be noted that the relationship between

system size and NMRs is not linear. The unit for this converter is tasks/quarter.
Further, by referring to Figure 5.11, this equation is formulated as:
Impact_of_system_size_on_NMR = (Task_multiplier * Faults).

The units for these are tasks/quarter and unitless, respectively. The Task_multiplier
represents that all faults turn into MRs, while Faults represents the faults produced
by the software as a result of its degree of complexity. The software size or
complexity is symbolised by a System_size stock which is assumed to have initial
value of 650,000 SLOC. The unit for this stock is SLOC. The size or complexity of
the software increases as a result of completed maintenance. The rate of increase is

modelled by:

System_size_increase=(CM_delivery_rate+EM_delivery_rate)*

System_increase_factor.
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The average additional SLOC of completed maintenance from Jorgensen &
Sjoberg (2002), that is, 206 SLOC, is used as input for the System_increase_factor.
The unit for System_size_increase is SLOC/quarter and for System_increase_factor
is SLOC/tasks.

Time-series behaviour of MRs. The Impact_of_time_on_NMR represents the
time-series behaviour and randomness of MRs. This effect of time representation is
to accommodate the MRs caused by quality of the software resulting from a
development project and the environmental pressure for the software enhancement.

The form of the relationship between time and NMRs is depicted in Figure 5.13.
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Figure 5.13 The relationship between time and NMRs

To formulate this relationship, this study utilises the time-series pattern of MRs
from a specially developed software application for a particular organisation, which
was not open for public participation. Especially, the longitudinal pattern of monthly
total maintenance requests (corrective, enhancement and user-support) reported by
Burch and Kung (1997) will be used. The graph in Figure 5.13 is reproduced from
monthly total request number for the first 60-month period out of a 67-month period
(the original) of Burch and Kung’s graph. It is represented as 20 quarterly

percentages of the total requests. The value for each quarter is a percentage and is
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calculated from the total requests for each quarter divided by total MRs. It is
assumed that the two types of requests (CM and EM) inherit the same longitudinal
pattern from the monthly total maintenance request. The wunit of
Impact_of_time_on_NMR is unitless.

Classification of MRs. Previous empirical research has shown that the
percentages of CM and EM are significantly different. Therefore, this study adopts
this difference and represents the percentage of each maintenance classification
into Corrective_percentage. Thus, in this case the percentage of the maintenance
classified as corrective is determined by Corrective percentage, while those
classified as enhancive are calculated from (1 — Corrective_percentage). These
settings also indicate that corrective MRs are given higher priority than enhancive
ones. This study only considers CM and EM, while user support activities will be

treated as other duty. The unit for this converter is 1/quarter.

This study will use the percentage of maintenance internally-originated requests
reported by Burch and Kung (1997). There is no specific reason for this selection
except that they provided the actual time-series data of MR and the data is needed
for the simulation instantiation. Further, the percentages of corrective MRs and
enhancive MRs also vary over time following four stages of about nine months each
(Burch & Kung 1997). In the first stage, both corrective MRs and enhancive MRs
have low percentages, which are then followed by a high corrective request
percentage in the second stage. In the third stage, the percentage of request is
dominated by EM, while in the last stage both are about equal. Therefore, the
Corrective_percentage variable is modelled as a line graph that varies over time, as
is shown in Figure 5.14. Burch and Kung did not provide the explicit percentage of
corrective MRs after month 36; so it is assumed that the corrective MRs percentage

is lower than the enhancive MRs percentage and keeps decreasing towards zero.
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Figure 5.14 The quarterly percentage of the corrective MRs

A flow and cumulative number of the corrective MRs are, respectively,
represented by Correction_request_rate and Correction_request, while those of the
enhancive MRs are modelled by Enhancive request rate and Enhancement
_request. The rates of the flow are functions of the Corrective_percentage and the
Maintenance_request. The presentation for these is depicted in the left-hand side of
the maintenance process model shown in Figure 5.11. This representation also
indicates that classification of the requests as CM or EM and assignment to the staff
take a certain amount of time. By introducing this part of the model, it is assumed
that any MR will undergo a classification and assignment process prior to the

maintenance work.

Corrective maintenance phase. Once an MR is classified as a corrective one,
it will undergo a CM process for a period of time and results in a CM delivered to
users. Each of the requests becomes a task assigned to a CM team. However, as
observed by previous research, this team can consist of only a small number of
staff, perhaps only one. Also, the completion time is significantly shorter than for the
average of the overall maintenance tasks. Accordingly, the CM phase is set as a

one-phase process. Each CM request is considered as one task.
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By adopting the software development rate model in Abdel-Hamid and Madnick
(1991: 78), the completion and delivery for CM is formulated as:

CM_delivery_rate=Productivity_variation * Daily_manpower_of staff for CM *
CM_factor.

The first factor represents variation of staff average maintenance productivity over
time. It is the number of tasks that can be completed per person per quarter or
task/person-quarter. The second factor represents actual average number of staff
solely allocated for CM. This factor will be elaborated more in the Staff allocation
sector. The third factor is an adjustment factor for the Productivity variation. The
adjustment is necessary because the variable used to represent the maintenance
productivity is not a function of CM rate, but rather a function of the average

maintenance rate; and these two rates have different values.

To determine the value of CM_factor, empirical SM data that indicated the
average CM completion time is about one-third of the average maintenance
completion time will be utilised. More specifically, the data showed that a CM task
needs, on average, 1.7 person-days, or about 0.026 person-quarters, while overall
maintenance needs, on average, 5 person-days, or about 0.077 person-quarters.
The resulting figure from the comparison between these two values, which is about
3, is then used. The CM_factor is unitless and will be used to multiply the
Productivity_variation. The use of this value means that the CM completion rate is

higher than the average of the overall maintenance completion rate.

Enhancive maintenance phase. The maintenance process for an EM
comprises three phases as described in Figure 3.2 of Chapter 3: enhancement

analysis; enhancement development; and enhancement delivery.

As there are three phases, the EM is formulated by using three pairs of stocks
and flows. The rate of flow for each of the enhancement phases is determined by
the multiplication of the Productivity variation and Daily_manpower_of_staff
_for_EM, which is also adopted from Abdel-Hamid and Madnick (1991: 78) as the
case of CM. Because the same value of the Productivity _variation is used for both
CM and EM, it is necessary to multiply the rate of flows of both CM and EM with a
factor to reflect that they have different rates. In addition, as the amounts of time

taken for each enhancement phase are also different, this difference is accounted
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for by introducing three different multiplying factors. It has been shown by previous
literature that more than half of staff time is allocated to the first phase, and only a
relatively very short time is spent for the last phase. The multipliers for each phase
are EM_analysis_factor, EM_development_factor, and EM_delivery_factor. All these
three factors are unitless. The rate for each phase is formulated as:

EM_analysis_rate= Productivity_variation* Daily_manpower_of_staff for EM *
EM_analysis_factor,

EM_development_rate= Productivity variation*

Daily_manpower_of _staff for EM * EM_development_factor,

EM_delivery rate= Productivity variation* Daily_manpower_of staff for EM *

EM_delivery_factor.

To determine the values of the multipliers, it is necessary to consider the fact
emerging from previous studies that, on average, an overall EM task requires 7.5
person-days (Jorgensen 1995) or about 0.115 person-quarters. Accordingly, if there
is one maintenance staff member who takes 7.5 days to carry out and deliver one
EM task, then it can also be assumed that the staff take 4 days for one analysis, 2
days for one modification development and 1.5 days for one delivery of one EM
task. Based on this assumption, one EM task takes about 0.062 person-quarters for
the analysis plus about 0.031 person-quarters for the development plus about 0.023
person-quarters for the delivery. From these settings, the value of
EM_analysis_factor is 1.25, EM_development_factor is 2.5 and EM_delivery_factor
is 3.3. In addition to the assumption about the time required for each phase, it is
assumed that the numbers of staff allocated for EM are distributed equally over the

three phases, meaning that each phase will be allocated one-third of the EM staff.

The resulting analysis, development and delivery processes are accumulated in
EM_analysed, EM_developed and EM_delivered, respectively. The unit for these
three stocks is tasks. Unlike the level of EM_delivered, the levels of EM_analysed
and EM_developed will never consistently increase as they will be drained by the

modification development and the delivery rate.

Recurrent maintenance. The SM process itself can cause maintenance

requests. There is a proportion of MRs that cannot be fulfilled for various reasons.
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There are also some of the delivered maintenance that might not satisfy the
requirements or trigger other software faults. All of these possibilities can be used to
reflect the maintenance quality process. It must be noted that these possibilities do
not always materialise into MRs and in general, maintenance ripple effects have not
been able to be predicted with confidence.

Assuming that unfulfiled requests have been part of the Impact_of_
time_on_NMR, then recurrent maintenance consists only of the requests caused by
lack of quality maintenance: incomplete delivery or faulty maintenance. The
percentage of these types of requests can also be assumed to go down as the
maintenance staff learn more lessons from the increasing number of the completed
maintenance tasks and receive effective and relevant training. The recurrent
maintenance is also considered to be influenced by the involvement of the e-

champion.

Within the model, recurrent maintenance is represented by the Recurrent_faults
stock, the level of which is determined by incoming flows: CM_fault rate and
EM_fault_rate, and by outgoing flow Recurrent fault back variation. The unit of

this stock is tasks. Each of these two rates is:

CM_fault_rate = CM_delivered * Recurrent_fault_percentage * ( 2 —
Impact_of_echampion_on_effort),

EM_fault_rate = EM_delivered * Recurrent_fault_percentage * ( 2 —
Impact_of_echampion_on_effort).

The unit for both rates are tasks/quarter.
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Figure 5.15 The impact of learning and training on recurrent faults

The Recurrent_fault_percentage itself is constructed as a monotonically
decreasing function, describes a decreasing recurrent maintenance task and is
determined by the Learning_and_training_factor, as depicted in Figure 5.15. To
determine the initial value of the Recurrent_fault_percentage, it is assumed that CM
and EM create the same level of recurrent maintenance. Using Jorgensen’s data,
the value is set to 12%. The graph of the Recurrent_fault_percentage assumes that
when the Learning_and_training factor is 1, the percentage of recurrent faults is
about 12% out of the total delivery. This is the case when the maintenance staff is

new.

The Recurrent_fault_back variation describes the rate of the recurrent faults
transformed into MRs. The unit of this rate is tasks/quarter. Although the MRs
caused by recurrent faults cannot be predicted in advance, nevertheless a value is
required to represent this type of MR. For this, it is assumed that half of the
recurrent faults materialise as a maintenance request per quarter. The value of this

rate is determined by:

Recurrent_fault_back variation = Recurrent_faults *

Recurrent_fault_semaphore_rate.
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The latter factor is set to 0.5 to reflect that half of the recurrent faults come to

evidence in a quarter, the unit of which is quarter.

Software maintenance performance. As mentioned in the reference modes
formulation in section 5.3.2, software availability depends on the level of successful
maintenance delivery relative to the level of MRs. Successful maintenance delivery
means that all necessary maintenance processes in each subsequent phase can be
satisfied. The number of successful deliveries is the sum of the cumulative
successful CM and EM deliveries at any time. From this, the level of maintenance
performance can be formulated as the ratio between the number of maintenance

delivery and request and denoted by Delivery_and_request_ratio.

Delivery_and_request_ratio = Total_delivery / Total_request

Total_delivery= CM_delivered + EM_delivered

However, it should be noted that as this ratio is calculated based on the value of
the Total_delivery and the Total_request in the same quarter, then the value will be
slightly different from the actual ratio value. This is so because a maintenance
delivery in a particular quarter, say t, is a completed maintenance of a maintenance

task requested at quarter (t—a), where a is a positive value.

It must also be noted that the value of the Total_delivery at a particular time will
be affected by the recurrent fault rate, that is, the CM_fault_rate and the
EM_fault_rate. These two factors reduce the Total_delivery as they cause outflows.
A high reduction in this delivery also means low quality of maintenance; therefore, a
low value of the Total_delivery can also be interpreted as the maintenance

processes delivering much lower maintenance output.

In sum, the Delivery_and_request_ratio measures maintenance performance
and therefore the software availability level. It is unitless. A low level of this ratio can
be interpreted as low deliveries, low quality or both. This measure can also be

interpreted as the performance level of overall maintenance staff.

5.3.6 Simulation model of eGSFs relationships — Motivational factors
This study adapts and extends McGrath and More’s (1998) SD model of the
expectancy theory into the SM of e-government systems. The extension of the

model is undertaken by causally linking the model to the model's maintenance
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process sector in order to elucidate the causal feedback relationships of various
motivational factors over time towards SM performance. The extension is also
performed by causally connecting to the staff turnover and absenteeism factors.
This elaboration is depicted in Figure 5.16.
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The links in Figure 5.16 can be identified from the fact that the
Productivity_variation determines the delivery level of the completed maintenance
which, in turn, is used to calculate maintenance performance. Eventually, the level
of maintenance performance influences the rewards, both organisational and
expected. The difference between these two eventually affects staff turnover,
absenteeism and effort levels.

Staff effort. In software development project modelling, Abdel-Hamid & Madnick
(1991: 85) defined staff effort as “actual fraction of a man-day on project”.
Implementing this definition to the SM, staff effort means the actual fraction of time
spent by one staff member to carry out assigned maintenance tasks in one working
day (official working hours). The actual amount of time spent to undertake the SM
task can vary from time to time because of a variety of motivational, personal,
environmental or social factors over time. So the actual amount of time can be less
than, equal to or more than official working hours. For example, if the staff member
spend six hours in a working day to carry out the maintenance task assigned to
him/her, although the staff are officially in the workplace for eight working hours,
then the staff effort is 0.75. On the other hand, if the staff spend 12 hours in a day to
carry out the assigned maintenance, irrespective of where they do the task, then the
staff effort is 1.5. Here, it is assumed that the staff can spend a maximum of up to 16
hours a day; hence, the staff effort could be as high as 2.

For the staff effort, a bi-flow and a stock will be implemented as in McGrath and
More (1998) and Abdel-Hamid and Madnick (1991) to represent, respectively, the
staff effort variation and cumulative effort over time. They are denoted by
Effort_variation and Effort, respectively (see Figure 5.16). Referring to the definition
of staff effort, the Effort variation is the variation of the actual fraction of a staff
member’s working hours solely dedicated to maintenance activities in a working day.
The bi-flow of the Effort_variation, which means it can be negative or positive,
causes the Effort level to change. The variation causes staff productivity to fluctuate
by assuming that other influencing factors are constant. A negative value of this
variation can occur when the total value of the influencing factors is negative,
namely, when there is a reduction of the effort due to the task completion time being
faster than scheduled, and/or the rewards received less than expected. The

reduction of effort means the staff prolongs the completion time.
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The Effort_variation in the model is influenced by three factors, namely, staff
performance through Impact_of performance_on_effort, the e-champion factor
through Impact_of_echampion_on_effort, and the rewards difference via
Impact_of_RP_difference_on_effort. This variation is formulated as:

Effort_variation = ( 0.5 * (Impact_of_performance_on_effort +
Impact_of_RP_difference_on_effort)) * Impact_of_echampion_on_effort /
Effort_adjustment_time

The range of Effort_variation is set from 0 to 2, which means 0 to 16 working hours

a day. The unit of this variation is 1/quarters.

The description of each of these three factors will be provided in the next sub-
subsections. Before describing these factors, it is first necessary to define

Base_effort as it will be used in formulating those factors.

The staff effort is first determined by normal actual effort and is denoted by
Base_effort. It is the fraction of actual normal working hours in one working day
spent by a staff member on an assigned maintenance task. Following Abdel-Hamid
and Madnick (1991), the value of the Base_effort is set to 0.6 which can be
translated as 312 maintenance working hours out of an official 520 working hours
per quarter. This is by assuming that the official working hours are eight hours a day
and 65 working days in a quarter. The value of 0.6 is also used as the initial level of
the Effort. Additionally, this value of 0.6 is utilised as a reference value in setting up
the Impact_of performance_on_effort and Impact_of RP_difference_on_effort,
each of which is represented as a line graph. The Base_effort is unitless.

The Base_effort, the staff Average competence level and the Initial_
average_competence_level (which will be described in the Staff competence
section) are used to determine staff Base productivity. The Base_productivity
describes the productivity of staff when they exert normal effort using their current

competence levels. It is formulated as:

Base_productivity = (Average_competence_level *Base_effort) /

Initial_average_competence_level

As the staff Average competence_level changes over time, then the

Base_productivity also changes from time to time. The division is intended to scale
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the staff Average_competence_level and it causes the Base_productivity to be
unitless. Theoretically, the range of the Base_productivity is 0 to an infinite value.
This is so because the range of the Base_effort can be 0 to 2, and the
Initial_average_competence_level, theoretically, can be 0 to infinity.

Impact of performance on effort. The relationship between staff performance
and effort is presented in Figure 5.17 and is constructed as follows. As described in
the CLD, the Effort_variation is influenced directly by the Delivery_and_
request_ratio level as the maintenance performance measure of the staff. The effort
is a result of their judgement on the comparison between the exerted normal effort
and the maintenance performance. There is a tendency to increase effort to a
certain limit if the performance is lower than its required level; and, on the contrary,
there is also a tendency to slow down (reduce) the effort if the performance is higher
than expected (positive difference) (Abdel-Hamid & Madnick 1991). This concept is
modelled by Performance_effort_difference and Impact_of performance_on_effort.
The former variable is to formulate the difference between the actual performance of
the staff and the staff Base_productivity, while the latter is to model the impact of

this difference towards the staff effort.

Performance_effort_difference = Delivery_and_request_ratio —

Base_productivity

The range of the Performance_effort_difference is —1 to 1. The difference is —1 if the
ratio is O (no delivery) and the Base_productivity is 1; and the difference is 1 if the

ratio is 1 and the Base_productivity is 0. This is unitless.
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Figure 5.17 The impact of performance effort difference on staff effort

The relationship between performance and effort is represented explicitly as a
line graph in Figure 5.17. For this initial model, the form of this graph serves for
simulation instantiation. This graph gets input from Performance_effort_difference,
which is set as abscissa, and provides output as Impact_of performance_on_effort,
which is set as ordinate. The interval value of the ordinate is O to 2. The value of the
Base_effort, which equal to 0.6, is used as a reference in the graph in the sense that
if the value of the Performance_effort_difference is equal to O then the value of the
Impact_of _performance_on_effort is equal to 0.6. The impact on effort is about 0.2
(or 1.6 hours) out of official working hours a day when the difference is 1, and about
2 (or 16 hours) out of official working hours a day when the difference is —1. In other
words, staff will reduce their working hours for maintenance if they observe that their
current performance is higher than their performance-based normal working hours,

or the other way round, by assuming that other factors are held constant.

Impact of rewards on effort. As described in previous subsections, staff effort
is also motivated by the existence of organisational rewards over their performance
and staff's perception of the value of rewards. The structural relationship between
rewards and effort is represented in this modelling by a line graph describing the

impact of the difference between the provided and expected rewards on the level of
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staff effort. The construction of this relationship is now described and refers to the
expectancy theory and its SD representation, Figure 3.4.

With respect to the same maintenance performance level, it is very likely that
there is a difference between the provided and expected organisational rewards.
Before formulating the difference, denoted as Reward_performance_difference, it is
necessary to create two representations of the relationships: first, between
maintenance performance and organisational rewards; and second, between

maintenance performance and staff expectation of organisational rewards.
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Figure 5.18 The impact of actual performance on organisational rewards

As shown in previous sections, the maintenance performance is represented by
the Delivery_and_request_ratio. The impact of this performance on organisational
rewards is described graphically by a line in Figure 5.18. This graph assumes that
as the Delivery_and_request_ratio increases then the Organisational_reward_factor
also increases, and vice versa. The graph pattern is presented to serve simulation
instantiation and the detail curve pattern is somewhat arbitrary, although its
characteristic as a monotonically increasing graph is quite plausible. The
Organisational_reward_factor value is scaled ranging from 0 to 1 and represents

total rewards provided by the organisation; it may include intrinsic and extrinsic
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rewards. A value of 1 represents maximum possible rewards that can be provided
by the organisation. It is unitless.

Similar to organisational rewards, the impact of maintenance performance on
staff expectation of organisational rewards is also described as a line graph, shown
in Figure 5.19. This graph assumes that as the Delivery_and_request_ratio
increases, the Expected_reward_factor which represents the staff expectation of
rewards also increases, in S-form, and vice versa. Figure 5.19 is presented to serve
simulation instantiation, and the curve pattern of the graph is somewhat arbitrary but
plausible. The range value of the Expected_reward_factor is 0 to 1 and scaled, and
may include expected intrinsic and extrinsic rewards. A value of 1 represents

expected maximum possible rewards. This factor is unitless.
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Figure 5.19 The impact of actual performance on expected rewards

Considering their relationship with maintenance performance, both the
Organisational_reward_factor and Expected_reward_factor values will vary depend
on the performance level. However, it must be noted that the provision of the
rewards and the expectation are not always immediate; rather there are some
delays. The comparison between provided and expected rewards that may lead to a
difference may be based on the long term or in a cumulative way, especially for

permanent staff. To facilitate the comparison, two pairs of flows and stocks will be
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constructed to reflect the variation of the provided and expected rewards and their

cumulative values.

The rate of flow or the variation of the provided rewards is represented by
Reward_variation, and its cumulative value is denoted by Reward stock. The units of
these are 1/quarter and unitless, respectively. The delay of the rewards provision is
modelled by Reward_adjustment_time, the unit of which is quarter. On the other
hand, the rate of flow or the variation of the reward expectation is represented by
Reward_expectation_variation, and its cumulative value is the
Expectation_of reward stock. The units of these are 1/quarter and unitless,
respectively. The delay is denoted by Reward_expectation_adjustment_time. By
using the Reward and Expectation_of reward stocks, the difference of the provided

and expected rewards at any time can be calculated. For this:
Reward_performance_difference = (Reward — Expectation_of Reward)

In turn, the difference will be used to construct a representation of the effect of
rewards on staff effort. The effect is represented by the Impact of RP_
difference_on_effort. The formulation of this effect utilises a line graph with the
Reward_performance_difference as the abscissa and the effort exerted by the staff
as the ordinate. The value of this effort factor ranges from 0 to 2. The value of 0O
means the staff will reduce their effort by 100% of the base effort and 2 means the
staff will increase their effort up to 16 hours work per day. When the value of the
Reward_performance_difference is 0, then the Impact_of RP_difference_on_effort
is set to 0.6. This setting means that if the rewards provided by the organisation
equal the staff expectation, then they work as normal. This is unitless. The graph is
depicted in Figure 5.20.
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Figure 5.20 The impact of reward performance difference on staff effort

Impact of e-champion on effort. As with the aforementioned, in some cases
the e-champion plays an important role. The e-champion can be interpreted as
those staff members who have a high need for achievement. In this study it is
assumed that they play their role if the maintenance delivery level is lower than a
particular level. The impact of the e-champion is reflected by an increase in the staff
effort variation. To represent this factor, the Impact_of _echampion_on_effort is
introduced. It uses the Delivery_and_request_ratio as an input, and is utilised as a
multiplier for the Effort_variation. The formulation of the Impact _of
echampion_on_effort is depicted in Figure 5.21. The form of the graph is
constructed for the simulation instantiation purpose. It is assumed that the maximum
increase of effort is 50%, and there is no increase when the maintenance

performance achieves 70% of the MR.
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Figure 5.21 The impact of the e-champion on staff effort

Staff productivity variation. Staff productivity will be constructed by using
potential and actual productivity concepts. The potential productivity is defined by
the competence level of the staff, while the actual productivity is defined by potential
productivity minus losses. Therefore, the actual productivity is always less than or
equal to the potential productivity. The competence level concept will be introduced
in the next section. Referring to this description, it can be interpreted that the actual
productivity equals the potential productivity when staff motivation and working
environment are perfect. Therefore, actual productivity also depends on the level of
motivation and working environment. From an operational perpective, the potential
productivity is the number of maintenance tasks that can be completed by one

person in one quarter when there is no loss due to any kind of factor.

The SD representation of the staff productivity consists of a pair of flow and
stock, named Productivity variation and Productivity respectively. The flow, which
describes the staff productivity variation over time, is a multiplicative function of four

factors:

Productivity_variation = Effort_variation * Average_competence_level *
Environmental_factor * Impact_of system_size_on_productivity *

Productivity adjustment_time
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These represent four factors that determine actual productivity: potential
productivity; staff motivation; environment; and job characteristics. The staff
productivity is also assumed to be time-dependent, that is, on
Productivity_adjustment_time. The dimension of the Productivity variation is
tasks/person-quarter.

Two variables will be used to represent the environment contribution to the staff
productivity: communication level with experienced staff and communication level
with users. The job characteristic is the system size and complexity. The inclusion of
the first variable is based on the fact that some literature indicated that, for non-
experienced staff, the output of maintenance work is tested by experienced staff.
This requires smooth communication. In other cases, although the task is assigned
to one staff member, it is common that this staff member will seek more expert
advice within the office unit when conducting CM. Accordingly, the level of this type
of communication determines the staff productivity. This type of communication is
represented by Communication_level  with_experienced_staff. The value of this
variable is set to 0 to 1, or from totally imperfect communication to totally perfect. To
instantiate the simulation, the Communication_level with_experienced_staff is set to
0.95, meaning that there is 5% reduction in the staff competence level. In many
cases, staff have to communicate with the users who request maintenance when
performing the required maintenance task. Communication with users is modelled
by Communication_level_with_users and an instantiation value of 0.9 is assigned to

this variable.

The average value of these two factors represents Environmental factor. The
value ranges from 0.0 to 1.0 and the factor is unitless. The value of
Environmental_factor is set as such because this factor represents the staff

productivity loss.

The system complexity is measured by the software size in SLOC. The more
complex the software, the more difficult to solve the maintenance tasks. Accordingly,
an increase in system size will reduce staff productivity.The impact of the system
size towards the staff resolution ability, which is denoted by
Impact_of_system_size_on_productivity, is represented by a line graph in Figure
5.22.
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Figure 5.22 The impact of system size on staff productivity

The Productivity_adjustment_time factor represents the time adjustment
required by the influencing factors to take effect. As this factor is multiplied by the
other factors that influence the Productivity variation, so a higher value of the

Productivity adjustment_time means quicker flow of the variation.

5.3.7 Simulation model of eGSFs relationships — Staff competence

The level of staff competence has been shown by much research to be an
influential factor for SM performance. This level, which has dynamic characteristics,
has been used to define the potential productivity of staff. The CLD has indicated
that the competence level of IS staff always decreases over time, mainly because of
the ever-changing advancements in IT. However, over time their competence level
also increases due to experience gained by doing their jobs, self-learning and
training attended. These two different directions of factors compensate for each
other. From an organisational perspective, staff recruitment and turnover affect the

overall level of staff competence level.
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Average competence level. Within an SM unit, the average staff competence
level depends on the staff’s level of education and experience, the fractions between
experienced and less experienced staff, the learning and training process during

their involvement in system maintenance activities, and the rate of IT advancement.

Technically, referring to Figure 5.23, the average staff competence level is
denoted by:

Average_competence_level= ((Fraction_of ES * Competence_level_of ES) + (
1 —Fraction_of ES) * Competence_level of LES) *

Learning_and_training_factor * Competence_obsolescence

The Competence level of LES and Competence_level of ES are the level of
competence of less experienced staff and the level of competence of experienced
staff, respectively. The dimension of the Average competence level s

tasks/person-quarter.

To determine the value of the Average competence_level, this study refers to
Jorgensen’s (1995) data in which, on average, one staff member requires 5 days or
0.077 quarters to complete a maintenance task. In particular Jorgensen (1995) also
reported that, on average, one CM task takes 0.026 quarters (or 1.7 days) and one
EM task needs 0.115 quarters (or 7.5 days) of maintenance effort. Using the
average of overall maintenance task completion time, which equals 5 days, the level
is equivalent to 13 tasks/person-quarter. It is assumed that this value refers to the
time required by an experienced staff member to complete one maintenance task. In
comparing experienced and less experienced staff, Abdel-Hamid and Madnick
(1991) considered that the level of competence of experienced staff is two times
higher than that of less experienced staff. This data is used to set the (initial) value
of the Competence_level of LES to 6.5 tasks/person-quarter and the
Competence_level of ES to 13 tasks/person-quarter. These settings represent the
number of tasks that can be completed by less experienced and experienced staff,

respectively, in a quarter. Furthermore, the Fraction_of _ES is defined as:

Fraction_of _ES = Experienced_staff_with_degree +

Experienced_staff_without_degree ) / (total_Dgr_staff + Total SWD)
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It describes the proportion of experienced staff to total staff. The value on the right-
hand side of this equation depends on the values of the associated factor in the
Staff development sector.

As noted from the formulation of the Average competence_level, the second
component that influences the value of this level is the Learning_and_
training_factor, which is a multiplier to the Average_competence_level. As shown by
previous research, the impact of this factor is an increase in the
Average_competence_level; therefore the minimum value for this factor is 1. The
Learning_and_training_factor is the sum of Training_factor and Learning_factor,

each of which will be explained in the following sub-subsections.

Learning factor. The Learning_factor accommodates the increase of the staff
competence level due to knowledge gained from maintenance experience, which is
indicated by the number of maintenance deliveries. As in Abdel-Hamid and Madnick
(1991), this study adopts an S-type graph to represent this increase. The graph
describing the effect of total delivery of completed maintenance tasks in a quarter on
learning is depicted in Figure 5.24. This variable is unitless and, along with the
training factor, is a multiplier to the average competence level and is set to have
values range from 1 to 1.4. The value 1 means the staff is new and the number of
the maintenance tasks delivered is 0. It is estimated that 1.4 is the maximum value,
because the value will level off at a particular point as a result of the staff dealing

with the same software over time.
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Figure 5.24 The relationship between total maintenance delivery and staff
learning

Training factor. As shown in the literature review and CLD, training is a critical
way to overcome degradation in either individual or overall staff competence levels.
Training can take various forms: formal, informal, structured or unstructured; it is
normally based on specific needs and has a specific level of actual effectiveness. In
this SD simulation construction, the training factor is denoted by Training_factor and

is unitless.

To formulate the Training_factor, there are two aspects that need to be
considered: the training level needed and the actual training. These two factors are
formulated as pairs of stock and flow. The first is a flow called Training_need
_variation and a stock named Training_need, the units of which are 1/quarter and
unitless respectively; and the second is represented by Actual_training_variation
and Actual_training, the units of which are 1/quarter and unitless respectively. The
difference between the cumulative value of the Training need and the
Actual_training is used to determine the improvement of the competence level
caused by the training through Training_gap, which is also unitless. It assumed that
any training will improve the competence level, but the level of impact of the training
on the competence level depends on the gap value. In this case, if the gap equals O

then the improvement level is 0.2. This value is derived from Murthy et al. (2008)
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who found a 20% improvement in a performance measure of the staff at a call
centre as a result of appropriate training. This data is used as a proxy for simulation
instantiation. The Training_gap is set to —1 to 1. The relationship between the

Training_gap and and the Training_factor is depicted in Figure 5.25.
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Figure 5.25 The impact of training gap on the level of training factor

The graph describes that if the actual training is much higher than the needed,
then the impact on the improvement level is high. On the other hand, if the actual
training provided to the staff cannot fulfill the needed training then the impact is low.
It can be seen on the graph that if the Training_gap value is 0 then the

Training_factor value is 0.2.

The level of the Actual_training stock is determined by the
Actual_training_variation flow. In turn, this flow is determined by
Average_improvement_per_training, which is unitless, and Training_improvement_
adjustment_time, the unit of which is quarter. In this case, it is assumed that every
quarter there is one training run, each of which can improve the staff competence
level by 20%. So, if the results of the actual training match with the training need i.e.
the Training_gap is 0, then the Training_factor contributes to the improvement of the

competence level by about 20%.
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As in the case of the actual training, the cumulative level of the Training_need is
determined by the Training_need_variation flow. The flow of training need is
affected by the declining competence level of staff from time to time due to
advances in IT; the recurrent faults level that indicates the quality of completed
maintenance; and the fraction of experienced staff as a result of the increase in the
number of new less-experienced staff. Each of these factors may cause different
degrees of training need. These three factors are then modelled by
Impact_of competence_level on_ TN, Impact_of recurrent_fault on_TN and
Impact_of ES on TN respectively, and all of which are unitless. Then, the
Training_need_variation is a weighted average of these three factors divided by
Training_need_adjustment_time. The unit of this adjustment time factors is quarter.

The weighted average is set such that the total of these three factor is equal to 1.

The effect of the natural decline of the competence level due to IT advancement
on the training need is depicted in Figure 5.26. The graph describes that to maintain
an appropriate competence level, training is needed to compensate for the decline.
It is assumed that when the number of maintenance tasks that can be completed
per quarter per person is 1 then the training needed is 0.33 and, on the other hand,
if it is 65 then the level of the training needed is 0.
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Figure 5.26 The impact of average competence level on level of training needed
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Figure 5.27 The impact of recurrent faults on level of training needed

The impact of the recurrent faults on the training need is presented in Figure
5.27. The graph informs that as the recurrent faults percentage increases, the
quality of the maintenance delivery decreases, which can also mean the
competence level decreases. This eventually causes a need for an appropriate level

of training.

The last factor is determined by incoming new staff or outgoing experienced
staff, because these increase the proportion of less experienced staff over total staff,
which also means a decrease in the average of the overall competence level. This in
turn causes the training need. The level of training needed as a result of the

increase in this proportion is depicted in Figure 5.28.

To give a meaning to the quantitative value of the variation of the need for
training, two aspects need to be considered: frequency of the training per year, and

the degree of need compared with the average staff competence level.
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Figure 5.28 The impact of the fraction of experienced staff on level of training
needed

Information technology advancement. The ever-improving IT naturally causes
staff competence to become obsolete. However, there is no such figure that can be
used as a general measure for this decline. For this reason, Moore’s Law will be
used as a reference. Moore’s Law of the computing power of a computer central
processing unit stated that this power is approximately doubled every two years
(Mazor 2009). Therefore it may be assumed that, from the other point of view, the
competence level of SM staff will be halved every two years. And from the SM tasks
need perspective, at a particular point the decrease is such that the level of staff
competence is unable to cope with the need of the SM tasks. If the average
decrease is about 50% per two years, then per quarter the staff loses their
competence roughly by about 0.0625. To represent this factor, a multiplier of the
staff competence level named Competence_obsolescence is constructed as a
stock, the level of which is drained by an outflow called Decay_rate. The unit of

these two factors are unitless and 1/quarter. This rate is:
Decay_rate = Competence_obsolescence * IT_advancement

The IT_advancement is set to 0.0625, and its unit is 1/quarter. The result of this
outflow is the level of the stock which decreases according to a negative exponential

pattern.
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5.3.8 Simulation model of eGSFs relationships — Staff development

The review of SD literature has indicated that many stock and flow models of the
dynamic of human resources management have been developed or proposed. For
example, within the context of a software development project, Abdel-Hamid and
Madnick (1991) constructed one layer of software staff consisting of two phases of
competence improvement, and Morecroft (2007) presented a two-layer model of

health professional planning within the public sector.

By referring to Abdel-Hamid and Madnick's (1991) and Morecroft's (2007)
models as well as the data from PUSDATIN (2006), IS staff development is
modelled using two layers, each of which consists of two phases. In short, the model
starts with staff recruitment, which results in less-experienced staff and ends with
staff retirement. The first layer accommodates staff members without degrees, while
the second one models the staff with degrees. A periodic recruitment for both types
of staff is conducted considering the gap between the number of staff needed and
the number currently available. The model accomodates the possibility that a staff
member without a degree can leave the organisation to pursue a formal academic
degree while retaining their employment status; this is the case, for example, when
they are awarded a scholarship. It is also assumed that staff can quit or be
transferred to other government units at any phase. Modelling in this sector is in
association with several factors previously described in the CLD: total staff;
experienced staff turnover; new staff; and fractions of inexperienced and

experienced staff.
The numerical values used in this sector are mainly for simulation instantiation.

Figure 5.29 presents the model for this IS staff development sector. The name of
the model elements for staff without degree is indicated by SWD and those with
degree are indicated by Dgr. Starting with staff recruitment, referring to Figure 5.29,

the element of the model of the recruitment phase of staff without degree is:
SWD_recruitment_rate = SWD_recruited / SWD_recruitment_delay

The value of SWD_recruitment_delay is 4 which means recruitment occurs once in
a year. The incoming new non-degree staff accumulates in Less_experienced_staff

without_degree stock, the initial value of which is 2. Those staff may quit or be
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transferred to other units during this early phase of employment. The rate of this
outflow is denoted by:

Less_ ESWD_transfer_rate = Less_experienced_staff _without_degree *
less_ESWD_transfer_fraction

The initial value of this fraction is 0.001. Through improvement that takes time, the
rate of the staff who become experienced staff is denoted by:

SWD_improvement_rate= Less_experienced_staf_without_degree /

SWD_improvement_time
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In turn this divisor is determined by:

SWD_improvement_time = SWD_base__improvement_time /
Learning_and_training_factor

This base improvement time is set to 4, which means a staff member requires 4
quarters to improve to become experienced. The involvement of the latter factor is to
accommodate the fact that to become experienced the staff should gain experience
from learning and improve their competence through training. The cumulative
number of experienced staff without degree is denoted by a stock named
Experienced_staff without_degree, the initial value for which is 2. There is also a
possibility that an experienced staff member will quit or be transferred to other units

at this stage and this is reflected by:

Experienced_SWD _transfer_rate = Experienced_staff without_degree *

Experienced_SWD _transfer_fraction

The value of this fraction is 0.001. In addition to this transfer rate, the level of the
Experienced_staff without _degree also decreases as a result of staff retirement or

turnover. The retirement and turnover rate is formulated by:

SWD_retirement_rate = Experienced_staff without_degree/
(SWD_employment_time * Impact_of RP_difference_on_turnover)

The employment time is set to 20 quarters; in other words, staff members keep their
jobs in this unit for five years. This formulation describes that the retirement rate is
affected by the difference between reward and performance. The formulation of the

Impact_of_RP_difference_on_turnover is depicted in Figure 5.30.
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Figure 5.30 The impact of rewards performance difference on retirement rate

In addition, it is assumed that only experienced non-degree staff can pursue
further formal education leading to a degree and temporarily leave their employment

status. This reduces the experienced non-degree staff number by:
Education_rate = SWD_education_fraction * Experienced_staff without_degree

The value of the fraction is set to 0.01. Time needed to complete their study is
Graduation_time which determines Graduation_rate. The value of this time factor is
set to 8 quarters or 2 years. As they graduate, they join less experienced degree
staff. The reason for this is that during the long education time they leave their
maintenance job completely. By this fact, they are also not part of the total

maintenance staff during their period of study.

In this sector, the total staff without degree needed is determined by the
maintenance management and represented by Total SWD_needed. It is assumed

that the value for this needed staff is 5. The difference between the number of

current staff and needed staff equals SWD_gap. So,

SWD_gap = Total SWD_needed — Total_SWD
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In turn, this gap triggers staff recruitment. However, it must be noted that the
number of staff needed may not always be satisfied because of budget limitations.
Therefore, SWD_recruited is determined by:

SWD_recruited = if SWD_gap>0 then
min(SWD_gap,SWD_recruitment__limitation) else O

The limitation is assumed to be 3 persons.

In this sector, the units of all stocks are persons, all rates are persons/quarters,
all fractions are 1l/quarters, all improvement or employment times or delays are

quarters, and all recruitment limitation and staff needed factors are persons.

The construction for the staff with degree layer mirrors the staff without degree
layer. The stocks, flows and converters of the staff with degree layer are indicated
by Dgr or degree within their factor names instead of SWD. The values assumed for
Less_experienced_staff with_degree is 4, Experienced_staff with_degree is 5,
Dgr_recruitment_limitation is 5, Total_Dgr _needed is 10, Dgr_base_improvement

_time is 2 and Dgr_employment_time is 20.

Both the non-degree and degree staff are considered by this study to have the
same role in SM but with different ranges of responsibility. Those staff members
who have degrees and experience are also responsible for supervising less
experienced (degree and non-degree) and experienced non-degree staff in addition
to carrying out maintenance jobs. Supervision activities are considered on-the-job

training for those being supervised.

5.3.9 Simulation model of eGSFs relationships — Staff allocation

The model sector for staff allocation depicted in Figure 5.31 is derived from
Abdel-Hamid and Madnick (1991); however, this study includes staff absence level
and CM urgency level. The allocation includes the assignment of more experienced
staff to supervise less experienced ones. The eventual output of this sector is the

number of staff allocated for CM and EM.
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Figure 5.31 The IS staff allocation sector

Absenteeism and other duties. The absence level affects average staff
availability and is affected by the difference between provided and expected rewards
as shown in CLD, Figure 5.6. The absence level is defined as the percentage of not
being at the office without planning for personal reasons out of the total number of
working days in one year. Staff may be absent for various reasons including sick
leave, moonlighting or other motivation-based reasons. As skillful employees, staff
with a significant competence level in software development and maintenance are
assumed to be likely to behave like other skillful workers such as teachers, nurses
or physicians. In developing countries, they have chances to earn more income
through moonlighting while at the same time retaining their employment status. The
organisational rewards and external opportunities might have a significant influence

on the level of staff absence.

In addition to absenteeism, other duties also affect overall the level of staff

availability for SM. Staff may also be assigned to other duties such as user support
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services, new system development, administrative jobs and organisational meetings
in addition to the main task of maintaining the software of the e-government system.

In this model sector, staff absence and other duty levels are denoted by
Impact_of RP_on_absence_level and Other_duty_level respectively. Both of these
levels are unitless. The level of absence of the staff is assumed to be influenced by
motivational factors and is represented as a graph shown in Figure 5.32; and the
Other_duty_level is set to 20%, a constant. The average availability of the staff is

modelled by the Average availability _per_staff which is formulated as:

Average_availability per_staff = MAX(0, 1 — (Impact_of RP_on_absence_Ivl +

other_duty_Ivl))

This availability factor is unitless. The use of MAX is to prevent the staff availability

from having negative values.
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Figure 5.32 The relationship between reward performance difference and
staff absence level

Supervision. In addition to absenteeism and other duties, staff supervision may
also affect the total availabaility of staff. The reason for this is that a proportion of the

maintenance staff needs supervision in doing their maintenance jobs, which could
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be considered as a process of on-the-job training for less experienced staff. The
proportion consists of, referring to the previous sector, all non-degree staff and less
experienced degree staff. The total number of these staff members is modelled by
Staff_need_supervision. Its unit is persons. To determine staff availability, it is
assumed that only experienced degree staff can supervise. In this case, they are
called supervisors. To calculate the number of supervisors needed, a supervising
factor is introduced. In this case, it is assumed that one supervisor can supervise up
to four staff. If the supervisor number needed is larger than the number of
experienced degree staff, then all the experienced degree staff are assigned the
supervisor job. The number of supervisors is denoted by the Supervisor and its unit
is persons. It must be noted that the value of the Supervisor factor cannot be larger

than the number of experienced degree staff available.

Supervisors = if (Staff_need_supervison/Supervising_factor) >
Experienced_staff with_degree then Experienced_staff with_degree else

(Staff_need_supervison/Supervising_factor)

In turn, the value of the Supervisor variable will be used to calculate the

Total_staff_after_supervision. This factor is formulated as:
Total_staff_after_supervision = total_SWD + total _Dgr_staff — supervisors

This Total_staff_after_supervision factor is used to accommodate the fact that the
supervision activities also further reduce the availability of maintenance staff. The

unit for this factor is persons.

Further, by considering both the Average_ availability per staff and the
Total_staff_after_supervision, the Total staff available for maintenance can be

formulated.

Total_staff_available = Total_staff_after_supervision *

Average_availability_per_staff

This represents the actual total availability of staff to perform SM and its unit is

persons.

Staff allocation. Once the value of the Total staff available is obtained, the

staff are then allocated for udertaking either CM or EM. For this allocation, the
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proportion of staff for CM and EM is initially 50% each. But, as CM has higher
priority than EM then the proportion of staff allocated for correction can be higher.
To determine the proportion for each maintenance type, a factor called
Correction_urgency_level is introduced to the model. It is unitless and its value is
determined by the maintenance management. Based on the value of this factor, the
Percent_allocation_for_correction value is calculated. Figure 5.33 shows the
percentage value of the staff allocated for the CM. The value ranges from 50% to
89.5% of the total staff available for maintenance, which depends on the level of the
CM urgency assigned by maintenance management. This allocation results in the
Daily_manpower_of staff for CM and the Daily_manpower_ of staff for EM. The
first represents the average actual number of persons for CM and the second
represents the average actual number of persons for EM. The unit of these two

factors is persons.
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Figure 5.33 The relationship between level of urgency of CM and percentage of
staff allocated for CM

5.4 Summary

This chapter has presented the development of a conceptual SD model of the

eGSF relationships based on previous research and researcher’s assumptions.
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Prior to the development of the conceptual SD model, a system decomposition
of the eGSFs was constructed. It provides a broad view and organises the myriad
success factors into a manageable number of subsystems and sub-subsystems.
This decomposition allows e-government stakeholders to focus on what kinds of
factors should be considered in developing and sustaining e-government success in
a particular situation, while still embracing a holistic view of the eGSF system. It is
within this holistic perspective that the relationships of the eGSFs within e-

government system SM and IS staff management are modelled.

The development of the conceptual SD model was begun by articulating the
research problem in accordance with the SD modelling process. This included
spelling out the model purpose, stating the dynamic of the problem, developing a

reference mode and identifying key variables.

By referring to the articulation of the problem, a conceptual CLD was
constructed. This diagram presents the relationships of the eGSFs in a qualitative
way, providing insight into how the success factors of SM and IS staff management
sub-subsystems relate to each other and lead to the achievement of e-government
success. Reinforcing and balancing feedback-loop relationships can be identified
from the diagram, showing the roles of success factors. This diagram also serves as

the dynamic hypothesis.

Furthermore, an SD simulation model of the eGSF system has been developed
based on the CLD. This model accommodates qualitative and quantitative factors of
the eGSFs and makes the factors and their relationships explicitly and formally
described. The model is organised into five sectors: maintenance process;
motivational factors; staff competence; staff allocation; and staff development. To
express the dynamic relationships between factors, a number of line graphs and
simple mathematical equations were constructed based on the available and

relevant previous research, as well as the researcher’s assumptions.

During model development, some SD validation processes have been
conducted to ensure that the conceptual model does not produce implausible
behaviour such as negative or indefinitely increasing value of delivery and request
ratio, average competence level, productivity variation etc. It is also to verify that the

equations dimension is consistent. Referring to the research design, this stage
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results in an SD model version 1.1, which can be used to construct questionnaires
to collect data for a case study.

In order to build confidence in the soundness and usefulness of the model
before it is used to assist e-government decision-makers or managers, a series of
further validation processes still needs to be performed, as guided by Table 4.2 and
Figure 4.5 of Chapter 4. This validation process includes an empirical model
structure and parameters confirmation through a case study. Data collection and
analysis of the case study are guided by the eGSF SD Model version 1.1 and will be
presented in Chapter 6.
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Chapter 6 Results and Realisation

6.1 Introduction

This chapter presents the realisation and results of data collection for a case
study and SD model validation according to the method presented in Chapter 4. The
case study data along with the validation process will be utilised to ensure that all
elements and relationships of the model can be verified in an actual, successful e-
government system in a developing country, and that significant elements and
relationships of that system have been well represented in the model. The validation
processes is required in order to be able to use the model confidently in
understanding the importance of the relationships of the eGSFs and assisting e-
government decision-makers and managers to achieve and maintain a successful e-
government system. The following diagram, Figure 6.1, which represents a partial
view of Figure 4.2 and a subset of the overall research design, provides the context
of the case study and validation process presented in this chapter within the overall
research design and indicates the order of presentation of this chapter.

E-Government Single eGSF System

Case Study - Dynamics Model 1.1
v
eGSF System Dynamics Model 2.0
y Causal Loop Diagram 2.0
Case Study Findings l T
» SD Simulation 2.0

\ 4
SD Simulation Desk
Validation

v

eGSF System Dynamic
Model 2.1 -

Figure 6.1 A subset of the overall research design describing the context of the
case study and validation process

The model that will undergo the validation process is the SD model version 1.1
presented in Chapter 5. This version, which has undergone some desk validation
processes, was used as a reference to develop questionnaires which were

implemented to collect data from a selected case study.
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A successful e-government system in Indonesia, a developing country, has been
selected to represent successful e-government systems in developing countries.
The data from this case is utilised to refine the causal loop diagram and validate the
relationships structure and parameters of the SD simulation model version 1.1.
Once these processes have been undertaken, further desk validation processes
over the model are performed which eventually result in the SD model version 2.1.

The case study validation process and its results are now described. First, the
process of case study selection and the description of the selected case will be
presented. Second, the data collection process from the selected case will be
explained. Third, a validation for the model version 1.1 which consists of eight steps

will be undertaken and presented in accordance with Chapter 4, section 4.5.

6.2 Case study selection and description

6.2.1 Introduction

This section describes the process of the case study selection. It begins with
preliminary research through the internet facility and ends with the choice of a case
for study. The decision was based on the case’s fulfilment of the criteria stipulated

by this study and the availability of the top manager to participate in this research.

In this section, details of the selected case will be presented. These include the
appropriateness of the case within the working definition of e-government success,
e-government services provided by the case, IT infrastructure and application
systems, SM management and IS staff management. The description is based on

the data collected from the case.

6.2.2 Selection

Preliminary data collection about the case candidate. To select the case, a
preliminary search was performed at the end of 2008 via the internet to obtain
preliminary descriptions about the winners of the Indonesian eGovernment Award.
The internet search was carried out again in early 2010 to obtain more current data
about the award winners. A list of case candidates was compiled consisting of the
Indonesian central government units which had won the award. Among the case
candidates, the Ministry of Agriculture (MA) won the award for two consecutive
years, 2008 and 2009. Further research indicated that the Ministry had also

achieved a high ranking for the award in previous years. This preliminary search

197



result hinted that the most likely case would be the e-government system of the
Ministry of Agriculture (eGSMA).

Reasoning for eGSMA selection as the case candidate. The data resulting from
the preliminary data collection about the eGSMA indicated that the stipulated criteria
for the case candidate as mentioned in Chapter 4, section 4.5.3, were being fulfilled.
This, along with the researcher’s acquaintance with one of the senior managers of
the unit managing the eGSMA, were the main reasons behind the decision to select
the eGSMA as the case candidate. The contact with one of the senior managers
within the Ministry was expected to smooth the researcher’'s communication with the

top manager of the eGSMA.

Initial data collection about the selected case. Once the eGSMA was selected as
the case candidate, further initial data gathering was conducted before the manager
of the eGSMA was contacted to request the Ministry’s availability for participation in
this study. The initial data collected comprised a description of the e-government
system, a detailed description of its official website, the services provided to external
and internal users, the in-house developed application system and the management
of the e-government system unit. The data was collected by browsing and

downloading available documents from the eGSMA website.

This initial data collection concluded that the e-government system met the
criteria for the selection of the case. In addition to the fact that the e-government
system achieved high rank and won the award for several consecutive years, the
unit that manages the e-government system also manages in-house its IT
infrastructure, especially the application system software and ICT-skilled human

resources.

The top manager consented to participate in the research. Once the selected
case was considered appropriate, the researcher sent a letter to the top manager of
the unit that manages the eGSMA, requesting their availability to participate in this
study. The request received a positive response indicating their availability and
willingness to participate in the study, which has been an invaluable support for this
research. For further communication about the study, the top manager assigned an
operational manager as the contact person. The contact person is an operational

manager and senior staff member of the case, as the person has been in his career
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at the unit since the early 1980s. A copy of the response letter and its English
translation are provided in Appendix A.1.

Case description. The home page appearance of the system website viewed in
October 2010, the address of which is http://www.deptan.go.id, is depicted in Figure

6.2. The eGSMA is mostly managed by the Ministry’s Information Systems
Development unit, which is a sub-unit of the Centre of Agriculture Data and
Information (PUSDATIN). The unit occupies the third echelon with respect to the
Ministry’s organisation and is one of three subunits of PUSDATIN; see Figure 6.3.
However, during data collection the managers and the staff identified their unit as
PUSDATIN; therefore, for the rest of the presentation the Information Systems
Development unit will be called PUSDATIN.
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Figure 6.2 The home page of the Ministry of Agriculture of the Republic of
Indonesia website
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In the 1980s the eGSMA was established along with the PUSDATIN and in 1996
the eGSMA published its first website.
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Figure 6.3 Organisational chart of the Information Systems Development unit
(PUSDATIN) within the Ministry of Agriculture

6.2.3 Success

The eGSMA, as one of the Indonesian e-government systems, represents e-
government systems in developing countries. According to the UN’s e-government
survey 2010 and the 2011 Waseda University World e-Government Ranking, the
Indonesian e-government systems index level is within those of most developing
countries. The eGSMA to some extent can be considered one of the e-government
systems in developing countries that has achieved success. Therefore, other e-
government systems from other developing countries or from other government
organisations in Indonesia that are experiencing an inability to achieve success can

learn from understanding the relationships between the success factors.

Concluded from the data collected at PUSDATIN, the eGSMA can satisfy the
working definition of e-government success. The system satisfies at least the
enhanced level of the UN’s website index; has delivered e-government services for
more than four years; and has an increasing number of application systems, types
of services and users. Since its establishment, the eGSMA has been able to deliver
services to its users, both internal and external, and has received several awards
recognising its achievements. The awards and achievements are presented in Table
6.1. In addition, PUSDATIN has been able to maintain and upgrade its old eGSMA
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so that the system operates continuously and delivers services as intended. Even
some new application systems have been developed and are being utilised to
support new activities of the Ministry.

These achievements show that, in general, the eGSMA has been able to
operate smoothly and maintain a particularly high level of service provision for a
quite long period of time. Therefore it can be concluded that the eGSMA has been
sustainably managed, and accordingly it satisfies the requirement as the selected

case for the case study.

Table 6.1 The list of eGSMA achievements

No | Year Award Providers

1 | 1997 | Second rank for Best website of government | Info Komputer
department magazine

2 | 2000 | Third position of Best web design Bubu Award

3 | 2004 | Third position of eGovernment Award, Warta Ekonomi
national level, Department category magazine

4 | 2005 | The Runner-Up of eGovernment Award, Warta Ekonomi
national level, department category magazine

5 | 2006 | The Finalist of eGovernment Award, national | Warta Ekonomi
level, department category magazine

6 | 2008 | The Winner of eGovernment Award, national | Warta Ekonomi
level, department category magazine

7 | 2009 | The Winner of eGovernment Award, national | Warta Ekonomi
level, department category magazine

Source: Translated from the table of the awards received by PUSDATIN provided
by the Multi-media Application sub-unit manager.

6.2.4 Service provision

The eGSMA has been delivering services to both internal and external
customers and a subset of current services it provides is presented in Table 6.2. In
short, the services include support to the Ministry’s internal activities, support to

collaborative
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Table 6.2 Current services provided by the eGSMA

No Type of services Application system name

1 Support the Ministry in managing its human resources. SIMPEG Human Resources Application System

2 Support the Ministry in monitoring and evaluating the use of | SIMONEV Monitoring and Evaluation Application
budget by its units and the finance performance of its units. System

3 Support the Ministry in managing government-owned goods | SIMKAP / SABMN State-owned Goods and Equipment
and equipment utilised by the Ministry. Management Application System

3 Support the Ministry in easing and speeding up the flow of | e-Forms Reporting Application System
reports from all of its units throughout Indonesia.

4 Support the Ministry in monitoring and managing the Ministry’s | SIM PUAP Rural Agribusiness Development
national program of rural agribusiness development. Application System

5 Provide land spatial data and information for agriculture-related | GIS Land Use Spatial Data Information System
stakeholders.

6 Provide downloadable information on agriculture-related | BD Perundang- Government Regulation DBMS
government regulations. undangan

7 Provide information on agriculture-related national data | BDSP and BD Agriculture Statistics, and Export and
(commodity production, export and import of agriculture | Eksim Import Agricultural Product Statistic DBMS
product).

8 Support the Ministry in providing a transparent and seamless | SIM CPNS Civil Servant Candidate Recruitment
process for its new civil servant recruitment. Application System

9 Support the Ministry in managing the Plants Variety Protection | SIM PVT PVT Registration Application System
registration process.

10 | Support the Ministry in internal and external communication, | Other application
collaboration and electronic-based transactions. systems

11 Provide a variety of general information through a website. The Ministry of

Agriculture Website

Source: Processed from the data obtained from the interviews, document and website of the eGSMA




and coordinative processes with other ministries as part of a broader government
obligation delivery, support to collaborative activities between the Ministry and its
stakeholders such as farmers and agricultural companies, and provision of
agriculture-related information services to the broader community. The data utilised
to compile Table 6.2 was obtained from the interviews, documents and the website.

6.2.5 Infrastructure and application systems

The IT infrastructure of the eGSMA consists of its hardware, software, computer
network and database management systems. The eGSMA information technology
infrastructure data was obtained from the senior manager and/or the copy of
PUSDATIN’s document submitted to the Indonesian eGovernment Award 2009
organiser. The hardware operated by the eGSMA includes personal computers,
laptops, printers and multi-media as well as various presentation tools which are
distributed to all Ministry units. The software consists of various types, platforms and
purposes including special-purpose application systems, general office application
systems, multi-media systems and operating systems. The platforms of the software
are Windows® and Linux. This software was acquired through purchasing,
outsourcing and in-house development. Most of the applications systems developed
and run by PUSDATIN are database management software. A local area computer
network was developed in 1994 connecting all buildings and all levels at the central
office of the Ministry, and the network and all associated components were
upgraded in 2008. Currently, the network connects about 2,000 units of personal
computers and computer peripherals all over the central office of the Ministry, using
fibre-optic cable, to a set of consolidated servers in the PUSDATIN office building.
There are two types of server operating 24 hours a day and seven days a week:
Windows-based and Linux-based. In addition to hosting various application systems,
the servers also function as the Ministry web-server. This computer network is fully
managed by PUSDATIN.

To deliver the eGSMA services, PUSDATIN has been implementing and
maintaining various special-purpose application systems, most of which were
developed fully in-house, although some application systems developed by other
ministries are being operated in the Ministry of Agriculture. These applications are
part of a collaboration effort among all ministries of the Indonesian government, led
by the Ministry of Finance. The first application of the eGSMA developed by
PUSDATIN was SIMPEG, which was released in 1992, while the last was
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SIMPUAP, which was released in 2008. Referring to the application system life
cycle, those application systems are currently at the maintenance stage.

Currently, PUSDATIN focuses its improvement effort on the eGSMA website.
This is intended to allow all of the applications to be run through the website, or at
least to enable the users to access the output, and to facilitate the application
updates as well as data upload through the eGSMA website. The implementation of
various application systems, irrespective of whether the application is client-server
based or internet based, has provided a range of highly positive benefits to the
eGSMA stakeholders. For example, SIMPEG has provided an internal transparent
process for staff promotion and improved staff management in the Ministry.
SIMCPNS has also provided a very transparent process for new civil servant
recruitment; in the past, this type of government process was suspected to be unfair
and was claimed to be a source of corruption. SIMPUAP has been able to ease the
monitoring process of a huge volume of tasks on the Ministry program. Table 6.3 is
a list of application systems of the eGSMA built from the interviews, archival
documents, documents provided by PUSDATIN staff or managers at the
researcher’s request, and the eGSMA website. Within the table, the complexity of
specific application system data is presented based on the personal judgement of
the interviewee who is responsible for managing that specific application. Table 6.3
indicates that the application systems were developed in an incremental manner,
although there is no specific time interval for their development and release. The
implementation of the application system was started with one or a small number of

applications and followed by others in the ensuing years.
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Table 6.3 The software application systems of the eGSMA

No | Application system Users and software application description

1 Name: SIMKAP/SABMN The data is input by the lowest level | It was developed to manage state-owned goods
Released: > 5 years organisational units of the Ministry | and equipment within the Ministry. Currently it is
SLOC: not known throughout Indonesia, and the information | used to tap and manage information for Ministry
Very complex considering the |is used by higher-level managers of | interests from the mandatory software from the
database size. various units and the Equipment Bureau | Ministry of Finance. This client-server software

of the Ministry. evolved from DOS to Windows.

2 Name: SIMPEG The users are all the Ministry’s units at all | This is client-server software used for an
Released: 1992 levels that manage personnel throughout | internal purpose. The software evolved from
SLOC: not known Indonesia. DOS to Windows to web-based.

3 Name: SIMONEV The users are the 2,300 Ministry units | It was developed to monitor and evaluate
Released: 1995 throughout Indonesia and the Ministry | budget and finance performance of all Ministry
SLOC: < 10000 management at the central office. units. Currently, it is utilised to tap and manage
Medium complexity. information for Ministry interests from the
The complexity increases over mandatory software from the Ministry of
time. Finance.

The software evolved from DOS to Windows.

4 Name: e-FORM The users are all of the Ministry’s units | The software is relatively simple and used to
Released: -- throughout Indonesia. smooth the organisational reporting process
SLOC: not so complex based on specific sectors such as plantation

sector or food plants sector. The software
evolved from DOS-based to Windows-based to
web based.

5 Name: GIS The users are various stakeholders | The software is web-based and is published on

Released: 2004
SLOC: a lot of modules
Very complex due to type of data.

(internal and external) of the Ministry who
have interest in spatial data, especially
land use.

the Ministry’s website and can be accessed
openly.
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Name: SIMPUAP

Released: 2008

SLOC: << 50000

Complex due to the large number
of users.

The external users are the supervisors of
a group of farmers throughout Indonesia.
They input the data to the application
system in a stand-alone software, then
upload through the internet. The internal
users are the PUAP management.

This is a web-based application system. The
information can be accessed using this software
at various levels of organisation.

7 Name: SIMCPNS The users are civil service candidates all | This is a web-based application system. The
Released: 2007 over Indonesia and the management of | application system is used only once a year for
SLOC: about 10000 new civil servant recruitment within the | about three months.

Ministry.

8 Name: The Ministry of Agriculture | The users are general users. This is the official website of the Ministry which
website houses all application systems of the eGSMA.
Released: 1996
Complex.

9 Name: BDSP The users are general users who need | This is a web-based application system. The
Released: Indonesian agriculture data. application evolved from a Windows-based to a
SLOC: not known. web-based one.

Not very complex.

10 | Name: BDEKsim The users are general users who need | This is a web-based application system. The
export and import data on Indonesian | application evolved from a Windows-based to a
agricultural commodities. web-based one.

11 | Name: BDAbsensi The users are the Personnel Management | —
unit of the Ministry.

12 | Name: BDPerundangan The users are general users who need | This is a web-based application system.
law and regulation documents related to
Indonesian agriculture.

13 | Name: SMS Centre The users are general users. This is a mobile-based application system.

Source: Processed from the data obtained from the interviews, document and website of the eGSMA




6.2.6 Software maintenance

Procedure for handling maintenance requests. The software application
systems maintenance is carried out in-house mainly by the developers because
most of the application systems are developed in-house by PUSDATIN staff. (For
reasons of convenience and for consistency with previous chapters, software
application systems will be stated as software; therefore software application
system maintenance will be stated as software maintenance. For the purpose of
managing MRs, PUSDATIN has recently developed a standard operating
procedure (SOP) regarding SM. This SOP describes the steps that should be
undertaken in response to an MR from users. The procedure includes type of
activities; the staff who should conduct the activities; documents involved; input
and output for each step; and time allocated for each step. As a general rule,
once any request to enhance software is received it will be communicated to the
“‘owner” of the application; for example, the owner of SIMPEG is the Personnel
Bureau of the Ministry. Once the owner agrees, then the enhancement is carried
out by the associated staff at PUSDATIN. However, the senior manager realised
that the implementation of the SOP is not easy. The normal practice is that in the
first instance the requester sends an official letter to request maintenance; but,
on the second and further occasions, the “owner’s” staff contact the PUSDATIN
staff directly without any formal letter or other documentation. This is considered
by PUSDATIN staff to be less complicated and makes the process easier.

There is no pre-specified priority for undertaking MRs. The requests will be
accomplished on a first-come-first-served basis. However, the senior manager
explained that this rule does not apply if the software is attacked by a computer
virus that stops the application system from working, or the requester is a VIP at
the Ministry. In fulfilling an MR, most problems that affect maintenance time are
non-technical. In terms of technical matters, if the maintainer currently does not
have skill related to the MR, the staff member will communicate with other staff or

contact his/her colleagues outside PUSDATIN.

Current maintenance problems. The maintenance problem currently faced by
PUSDATIN is in regard to the functional stability of other software developed by
the Ministry of Finance. In this case, the Ministry of Agriculture has to operate the
software by providing input data which will go to the Ministry of Finance. Actually,

PUSDATIN has developed software with the same purpose as the one from the
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Ministry of Finance, and the software has been operating in the Ministry of
Agriculture for several years internally. In order to avoid double data entry,
PUSDATIN modified its own software such that it is able to access the data from
the Ministry of Finance software database. Because the Ministry of Finance
software is not yet stable, PUSDATIN has to modify the internal software from

time to time, normally every semester.

The maintainer. During the early times of PUSDATIN, SM was a team
responsibility but because it is difficult for the team to sit together to discuss and
perform maintenance, for the last five years it has become the responsibility of
individual staff. The staff who maintain the software are those who developed or
were involved in the development of the application system and understand the
business process utilising that system. The staff who are responsible for a
particular application system are mainly also assigned to support users in relation

to the application system.

Software maintenance maturity. Overall, referring to the proposed Software
Maintenance Maturity Model of April et al. (2005), the SM management of the
eGSMA s still at level 1. The MRs are mostly managed in an informal manner,
and the relationships between maintainer and the requester are built personally.
A standardised maintenance activities record has not been established.
Maintenance services are based on individual initiatives. The recent effort to build
formal procedures has moved the software management slightly towards a

higher level, but much management effort needs to be made.

6.2.7 Information systems staff management

Staff categories. The staff at PUSDATIN are categorised into two different
organisational positions: functional and structural. The functional staff have a
functional position and are assigned a specific type of job based on their
particular competence. The staff’s jobs do not include day-to-day managerial and
administrative activities. The improvement of functional staff levels depends on
staff achievements in specific knowledge and skills relating to their jobs, such as
software development and maintenance; relevant training attended and
completed; performance in user support and training; publication of job-related
articles and other relevant criteria. Functional staff may improve their rank in two

years instead of the normal four years, and theoretically they can achieve the
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highest level more easily than structural staff. On the other hand, structural staff
have to deal with day-to-day managerial and administrative jobs, which require
more generic knowledge and skill. To improve by one level, structural staff need
at least four years but they may rise automatically as long as they do not display
morally unacceptable behaviour or an extremely poor achievement level.
However, structural staff cannot go beyond a particular level, which is based on
their education and managerial position.

Functional staff jobs. In PUSDATIN, each functional staff member is assigned
to one application system as their main responsibility. Their main job is to
develop and maintain the software assigned to them and to coordinate user
support and training, as well as other activities related to their assigned software.
Nonetheless, a type of software can be assigned to more than one staff member
and one staff member can be assigned to more than one type of software. In
addition to the staff's main responsibility for dealing with specific software, staff

can also be assigned a job as a support member for other software.

Staff sufficiency. The number of staff with respect to the PUSDATIN workload
is regarded by the senior manager as sufficient from the perspective of the senior
manager’s experience and observation, although there has not been any study of
staff sufficiency. The staff are classified as senior and junior. Most of the senior
staff do not have a formal background in information technology. They began
their career as high school graduates, but then the Ministry sent them to Gadjah
Mada University for a six-month intensive computer programming course. In
contrast, the junior staff mostly have a degree in information technology. In many

cases, new staff have more current knowledge and skills in IT.

6.2.8 Summary about the case

Some specific conclusions can be drawn from the case study findings in

regard to the eGSMA itself:

e the eGSMA is a successful e-government system in the sense that it has
been able to ensure the required software availability level over several
consecutive years

o all types of software to deliver e-government services are relatively small
in size, about 10,000 SLOC or less

e 0n average, the software performs relatively simple and specific functions
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e the software maintainers are also the developers of the software they
maintain

e software maintenance requests level is decreasing over time

e maturity level of the software maintenance management is still at level 1

e the number of IS staff is sufficient.

6.3 Case study data collection

6.3.1 Introduction

This section describes the questionnaire design, interview process and
collected data. The questionnaire design subsection explains the types of
guestionnaires used for different interviewees and the different stages of the
interviews. The interview process subsection presents the process of interviewing
from interview planning up to the interview activities. The collected data
subsection provides description about the types of data, data validity of possible

bias, and the possible threat to the model from the data validity.

6.3.2 Questionnaire design

The questionnaires. Data was collected through open-ended semi-structured
interviews and from available documentation. For the interviews, three different
gquestionnaires were prepared and the conceptual causal loop diagram and the
initial model (SD model version 1.1) were used to prepare them. One
gquestionnaire addressed a broad overview of the e-government system and was
used to interview the senior manager (see Appendix A.4). Another questionnaire,
lengthier than the first, was used to obtain data from the operational managers
(see Appendix A.5). The second questionnaire covered all the elements and
relationships within the initial models. The third questionnaire was used to
interview senior staff and focused on the application system maintenance activity,
motivational factors and competence (see Appendix A.6). All data collection
processes were conducted in the Indonesian language because all interviewees,

document providers and interviewers are native Indonesian speakers.

6.3.3 Interviews
Interviewee selection planning. The preliminary data obtained from the
eGSMA website indicated that the e-government system is managed by one

senior manager, three operational managers and nine application system
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management staff. Based on this preliminary data, it was planned to request all
13 for their availability and participation for the data collection. The senior
manager was expected to provide an overall description of the e-government
system and the implemented policies in relation to the focus of this study. He was
also expected to provide answers for some additional research questions
specially designed for collecting data from the senior manager. The operational
managers were expected to provide data regarding the success factors and their
relationships being investigated by this study, based on their experience in
managing the operation of the e-government system. The senior staff involved in
the e-government system operation were expected to give data based on their
experience and views in running the e-government system, especially in relation
to the SM and motivational-related factors. It must be noted that the document
downloaded from the website of the selected case did not contain the names of
the staff, but it did mention the names of the senior manager and the operational

managers.

The actual selection of the interviewees. Despite planning to interview nine
staff, the actual selection of senior staff was based on suggestions and
permission granted by the senior manager and the contact person, because they
had sound knowledge of the staff performance. For this, the senior manager and
the contact person were informed that the staff who would be interviewed should

currently maintain an application system software.

Prior to the commencement of the data collection, the researcher met with the
contact person to discuss the selection of senior staff for interview, the
arrangement of the interview process and time allocation. The contact person
also introduced the interviewer to the senior manager, other operational

managers and the senior staff who would be interviewed.

The interviewees. The actual interviewees available to participate in the
research were the senior manager, two operational managers and ten staff who
manage software. However, four staff cannot be considered senior in terms of
their length of time in SM jobs. Despite their unsuitability, these staff provided
some valuable data for further understanding the SM process. One operational
manager was not available to participate because of their limited time availability.

Another operational manager also considered that he/she was not an appropriate
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person for the interview because his/her jobs and his/her staff do not deal with

software.

A summary describing some characteristics of the interviewees is provided by
Table 6.4.

Table 6.4 Characteristics of the interviewees

Position > | Education | Y Year > Job >
level Experience

Senior 1 | Masters 6 | More than 5 10 | Manajerial 3
Manager years
Operational 2 | Bachelor 6 | Less than 5 2 | Software 10
Manager years programming
Staff 10 | High 1 | Not stated 1

School

> : the number of interviewees

Interview preparation. Prior to the beginning of the data collection, all
documents for the data collection were handed to the contact person: the
information about the study, Appendix A.2; the letter of consent form, Appendix
A.3 and all three versions of the questionnaire (Appendix A.4-6). It was expected
that the contact person would have general understanding of the overall data

collection process and context.

Before an interview began, the interviewee was provided with general
information about the research and the voluntary and confidential nature of the
interview, and was asked to sign the consent letter about their participation in the
interview and the use of a recording device during the interview. The interviewee
was also informed that they could refuse to answer any question and could
withdraw their participation at any time without any consequence to them. In
addition, a concise overview of the study, some technical explanations and
definitions related to SM were provided by the interviewer before the interview
proper began (Appendix A.7). The interviews were conducted based on each
interviewee’s time availability and were conducted within the government unit

office.

Interviews with the senior manager. The interviews with the senior manager

were undertaken three times on three different days by the researcher. The first
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interview was based on the prepared questionnaire, which was given to the
manager one day prior to the interview; the second was based on the prepared
CLD; and the third referred to the initial model. The CLD and the initial model
were given to the senior manager several days before the interview. The
questionnaire and CLD are reproduced in Appendix A.4 and A.8 respectively.

The first interview with the senior manager was undertaken in the manager’s
office and took about two hours. In the second interview, the causal loop diagram
was presented to him to elicit his opinion of the model in term of confirming or
disconfirming model elements, relationships and the overall model based on his
experience in managing the e-government system. The model was presented
and explained in a gradual manner by the interviewer. The model presentation
began with a subset of the model that contains four loops, then continued with an
additional loop that contains other elements and relationships. For each gradually
added loop, the senior manager was asked to confirm or disconfirm the model
based on his experience in managing the e-government system unit. The third
interview used the initial model as a referent. In this third interview, the initial
model was explained to the manager in a broad manner which covered the
elements of the model, the flows and the reason for such model construction.
The explanation did not include the detail of the initial values setting and
mathematical formulations. The senior manager was then asked to give
comments on the model, and verify the model elements and flows which were
related mainly to the management of the e-government system under the
manager’s responsibility. The manager was asked if the model reflects general
practice in the unit. Especially, referring to the specific sector which models the
maintenance competence development of the staff, the manager was requested

to evaluate the staff based on their maintenance competence level and category.

Interviews with operational managers. The interviews with the operational
managers took about 2.5 hours each and were based simply on the
questionnaire. The interviews were also undertaken by the researcher. During
the interviews, some questions needed further clarification and elaboration
through question probing, as the meaning of the questions could not be fully
understood by the interviewee or there was a disagreement between the
interviewee and the interviewer in understanding some terminologies. In regard

to unavailability of one operational manager, the data associated with the
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guestionnaire for this manager was obtained from other operational managers
and the senior staff, especially a senior staff member responsible for coordinating
the functional staff.

Interviews with senior staff. In spite of the planning that the interviews with the
software staff would be conducted only once, the actual interviews were
undertaken in two stages by the researcher. The first stage was based on the
prepared questionnaire and the second stage used a specifically designed
guestionnaire related to the prepared questionnaire and the initial model. The
second stage was conducted because the documents about SM activities from
which the quantitative data for the model were to be derived were not available.
Also, the interviewees could not provide a quantity or describe a relationship
pattern as required by some specific questions. The second-stage questionnaire
was devised based on the initial data obtained from the literature review used in
the initial model. At the second stage, interviews were carried out with only some

of those who were interviewed at the first stage, based on their level of seniority.

At the first stage, after two interviews the questionnaire was modified slightly
to include some necessary questions. The modified questionnaire was then used
to interview the remaining interviewees and each interview took around one hour.
During the interview, some probing questions were used to clarify the meaning

and understanding of some terminologies.

At the second stage, the interviewees were presented with a set of data, a
table and a set of relationship graphs which were derived from previous research,
and were asked to describe the same issue from their own experiences, views or
perspectives. Before the interviewee gave their responses, the interviewer
explained the context and the meaning of the presented data, table and
relationship graphs, then asked the interviewee to describe a number or draw
their own graph on prepared paper. In some interviews, as the interviewee could
not describe exactly or felt unsure, the interviewer helped them draw the graphs
and asked whether they agreed or not. Once they agreed, they were asked to
sign the paper containing those graphs. This kind of questionnaire and an

example of the associated responses is presented in Appendix C.1 and C.2.
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6.3.4 Case study data

Various types of data were obtained from the case study that include
qualitative and quantitative data. Some qualitative and quantitative types of data
were obtained from the interview process. Data was also obtained from hard and
soft documents supplied by PUSDATIN staff, as well as from observing the
software run by the interviewees. The data was also collected in various forms.
Verbal, tabular and graphical responses from the interviews, archival documents,
software samples and observational data based on on-screen demonstrations

were collected and processed.

This nature of data collected and method adopted by this study does not
enable this research to perform data overview as normally conducted in a study
that implements statistical methods before running a statistical analysis.
However, a sufficient overview for relevant pieces of collected data is provided
during SD validation process; then the data is used to validate or refine the initial
SD model (e.g. Georgantzas 2003).

There is every likelihood that the responses from interviewees contain bias.
The sources of possible bias are that many of the questions are about evaluating
the interviewees’ own performance (absences per year, personal activities during
working hours); the responses are based on the interviewees’ memory or the
ability to recall what happened in the past; there was possible misunderstanding
in interpreting terminologies although some technical explanation was provided
(for example, the notion of software error/fault: it is possible that an interface
design that does not match with user requirements, although it is working, may
be considered by the interviewee as a software fault). For these possible biases it
was necessary to reduce their possible effects. The circumstances of having a
number of interviewees with similar characteristics, conducting the interviews in
an isolated room and observing directly the software and the SM performed on
the software were expected to lessen the negative impact of these biases. The
use of an isolated room is expected to allow the interviewees to express their
own views and experiences. The use of graphical questionnaires was also
expected to help the interviewees to describe a particular pattern with better

approximation and to lessen misunderstanding.
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6.4 Model validation

6.4.1 Introduction

Following the research design presented in Chapter 4, subsection 4.3.3,
especially Figure 4.2, the subset of which is also described in section 6.1, once
case study data is obtained, the next step is to use the data to validate the
model. This section presents CLD refinement and simulation model validation of
the SD model. Data collected from the case study will be used to refine the CLD
and validate the model presented in Chapter 5.

The CLD refinement will be based mainly on the interview with the senior
manager, corroborated by understanding the data gathered from other
interviewees, and indicated by the validated simulation model. This refinement is
implemented to the CLD previously described in Figure 5.6. Presentation of this

subsection will begin with this CLD refinement process.

For the model, the validation follows the process described in Chapter 4,
section 4.5. As described in Figure 4.5, it begins with verifying the structure and
parameters of each sector of the model and is followed by testing the model
resulting from this verification. The verification will be based on analysing and
understanding the interview data; and this process is organised according to the
model sectors. During this verification process, it will be indicated whether or not
the success factors and their relationships as modelled in Chapter 5 are
confirmed by the data collected from the case study. Furthermore, the data
obtained from the case will be accommodated to replace the initial values or
relationship structures that were previously used in the model for simulation
instantiation. Practically, this process will verify the structure and parameters of
the model described in:

- Figure 5.11 — Maintenance process sector,

- Figure 5.16 — Motivational factors sector,

- Figure 5.23 — Staff competence sector,

- Figure 5.29 — Staff development sector,

- Figure 5.31 — Staff allocation sector
Eventually, this verification will conclude with verified sectors, which in turn forms
a verified simulation model. Referring to the overall research design, this verified

model is the eGSF SD model version 2.0.
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Once the model version 2.0 is obtained, the overall research design indicates
that further validation steps need to be carried out. Adhering to the steps
described in Figure 4.5, these consist of dimensional consistency, boundary
adequacy, extreme condition, behaviour sensitivity, behaviour reproduction and
behaviour anomaly tests, respectively. Unlike the structure and parameters
verification which mainly based on the case study data, this set of tests is
performed using specific simulation modelling software. These steps eventually

result in a validated SD model or the eGSF SD model version 2.1.

In the following subsections which presents the structure and parameters
verification, to identify the source of the data, the interviewee is coded according
to their sequential number in the interviewee table presented in Appendix B.1.

The number is enclosed within parentheses.

6.4.2 Causal loop diagram

In accordance with the overall research design, the subset of which is
described in Figure 6.1, the case study data will be used, firstly, to refine the CLD
developed in Chapter 5, subsection 5.3.3.

The findings indicate that, in general, the CLD is confirmed, except that there
are some success factors and relationships that need to be added or deleted.
First, the senior manager did not confirm the experienced staff turnover factor as
this specific factor relating to human resources management does not exist at
PUSDATIN. The senior manager stated that PUSDATIN has never experienced
any staff turnover. Further, with respect to SM, the senior manager classifies IS
staff into less competent and competent categories. Second, even though the
senior manager confirmed the existence of the e-champion factor, there is no
indication from his interview data or from other interviews that the e-champions
are a separate group of staff. It can be inferred from the interviews that the e-
champions are the staff who increase effort if the maintenance performance is
less than expected. In other words, the e-champion factor has been
accommodated in the performance-effort relationship. Additionally, the senior
manager and other interviewees mentioned that they communicated with other
staff or colleagues, as well as with users, in conducting SM. The IS staff
interviewed also stated that an increasing level of experience gained from doing

maintenance make their maintenance performance better. Last, the senior
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manager acknowledged that a task from VIPs of the Ministry should be
performed first and currently conducted maintenance tasks put aside, and staff
are also assigned other duties, which is quite significant. The existence of these
types of tasks was confirmed by other interviewees.

To accommodate the findings, the CLD needs to be adjusted accordingly.
First, the experienced staff turnover factor is deleted, and, consequently, the
fraction of inexperienced and experienced staff and the total staff are only
influenced by the incoming new staff factor. To accommodate the classification
suggested by the senior manager, the fraction is now named as the fraction of
less competent and competent staff. Second, the e-champion related factors are
also eliminated: goals of e-champion, need for achievement of e-champion and
e-champion effort. Also, communication with experienced staff and users factor is
added as positively affecting the delivery level, and referring to the simulation
model, this delivery level is linked to the software availability level with positive
polarity. The learning and experience level factor is now linked, with negative
polarity, to the recurrent maintenance. And finally, a new factor called VIP
request and other duties is added to the diagram, influencing the total actual
effort with negative polarity. As the VIP request and other duties increases, the
effort dedicated to the application system maintenance will decrease. It is
assumed that the VIP request tasks do not require all staff to devote their effort to
complete these tasks. One of the operational managers said that normally the
tasks are not technically demanding and the senior manager will arrange the staff
such that not all staff are allocated to the VIP request tasks. The final CLD is
presented in Figure 6.4.
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6.4.3 Structure and parameter verification — Maintenance process
sector

In this subsection, the structure and parameters of the model in the

Maintenance process sector, Figure 5.11, will be verified against the case study

data in accordance with validation process presented in section 4.5. On

completion of this verification process, a verified Maintenance process sector will

be presented at the end of this subsection.

Incoming MRs. Section 6.2.6 described that there are incoming maintenance
requests which are treated on a first-come-first-served basis and are put in “batch
of request” or stock using a first-come-first-served rule. The number of MRs as
well as their arrival time intervals cannot be predicted in advance as they vary
over time. Once received, each request is then classified as a CM or an EM task.
This confirms the structure of the model that represents incoming MRs.

System size or complexity and reported error. No interviewees could provide
the exact size of the application system for which they are responsible, especially
the SLOC (see Table 6.3), although they develop and maintain the system. A
senior staff member indicated that all application systems managed by
PUSDATIN are less than 100,000 SLOC (4). The complexity of the application
systems was described as varying from not-so-complex (2)(4) to very complex
(6)(10). Some interviewees considered that their applications are not complex
because they both develop and maintain the applications, therefore the
applications size does not affect maintenance. Other interviewees considered
that their application systems are complex because the systems involve a large
number of modules and database tables or dynamic data. One interviewee
observed that PUSDATIN has never developed software so complicated that it

cannot be managed by one staff member.

From this description, the size and complexity of the software cannot be
concluded with high-level approximation. As a simple estimate, this study
assumes that the average size of the software is 10,000 SLOC. From Table 6.3 it
is known that much of the software was developed before 2005 (historical time
horizon begins), and at least three types of software were released after 2005.
Because there are 13 different types of software managed internally, 10 of them

released prior to 2005, then the total size of the software of the eGSMA
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maintained by PUSDATIN at the beginning of the simulation is 100,000 SLOC,
followed by three releases occurring once a year with 10,000 SLOC each. These
values are used to substitute the initial value for the System_size stock and to
construct a graphical relationship describing the software release which is used
in the Releases_factor, see Figure 6.5.
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Figure 6.5 The eGSMA software releases over time

The interviewees agreed that the software so large in size is more prone to
fault; however, they could not describe exactly the association between size and
faults. They also agreed with the graph provided by the interviewer which
described the relationship between system size and the number of faults (see
Appendix C.2.1), but because they considered the software of the eGSMA to be
small, only the small left-side part of the graph was considered appropriate. The
relationship between the system size (in SLOC) and the number of faults, as well
as structural relationships between the number of faults and new MRs provided

in section 5.3.5, will therefore be kept in place.

System size and maintenance performance. The interviewees could not
describe the number of lines of code that were deleted, modified, or added during

maintenance. It was estimated around 5 to 10 SLOC, but it could be more for EM
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(2). From this case study data, the system increase is set to 15 SLOC per
maintenance task. This value is used to input the System_increase_factor.

Some of the interviewees agreed that the more complex the software, the
more time is needed to complete a maintenance task; this is because the time
required for analysis is increased (5)(8)(7)(10). However, some interviewees who
stated that maintenance is not affected by the size of the software, it only very
slightly influences the completion of maintenance tasks (4), and it is staff
competence that determines the completion of the maintenance task (2). Further,
after a graph representing the relationship between system size and
maintenance performance that was used for the simulation instantiation, as
depicted by Figure 5.22 in Chapter 5, was shown to the interviewees, they did not
confirm the graph. Therefore, based on this data, the Impact_of system_size

_on_productivity is eliminated from the initial SD simulation model.

Time-series behaviour of MRs. It was also revealed by the interviewees that,
once a type of software enters the maintenance stage, the CM number is higher
than the EM. However, after a period of time the number of CM is decreasing
towards zero and the EM out-numbers the CM. But, unlike the corrective, the
number of enhancive MRs never reaches zero. For example, some types of
software, such as SIMPEG, until recently still required EM. The enhancive MRs
are mainly due to policy or regulation change, technology development and/or
users’ need, as indicated by previous literature. Appendix C.3 and C.4 give
examples of the most current enhancive MR for SIMPEG (12) and for SIMPUAP
(13).

In general, the MR level is low in the first term, high in the second term, then
decreases and leads to zero for the rest of the application system life (8)(7),
Appendix C2.2. In addition, the corrective MR level increases much higher than

the average level soon after an improvement to the software is released (5).

Although the data from the case study does not provide a specific and
detailed pattern of the time-series MR number except a very broad pattern
description, the general pattern of the MRs is in agreement with that observed
and reported by Burch and Kung (1997). Therefore, the time-series pattern of the
MRs depicted in Figure 5.13 will be kept in place, but with a minor modification.

The reason for this modification is to accommodate the fact that many of the
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eGSMA software have been released prior to 2005, therefore they have been in

operation more than 4 quarters; there were three new releases in the 9th , 13th,

and 17th quarters and the enhancement requests have never been zero. Based

on the researcher’'s own estimation, the percentage of MRs at the first and

second quarters of Figure 5.13 is reduced by 25% and this percentage is added
to the 10th, 14th, and 18th quarter. This modification results in Figure 6.6.
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Figure 6.6 The modified time series of the new MRs pattern

Classification of MRs. From the interviews with the staff using both the

gquestionnaire and the tabulated previous research description (see Appendix

C.2.3), it can be concluded that the percentage of the CM is less than the EM. On

average, the corrective MRs account for around 33% while the enhancive MRs

account for about 67% of the maintenance, as shown in Table 6.5. This is, in

general, in agreement with those found in many previous studies.
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Table 6.5 Percentage of corrective and enhancive MRs

Interviewee # Corrective Enhancive
2 40% 60%
4 30% 70%
5 20% 80%
6 <40% >60%
7 30% 70%
8 40% 60%

In general, CM is given higher priority than EM (1) (2). This is because if both
type of maintenance happen at the same time, a software fault that requires CM
causes disturbance to the software operation, while the enhancive MRs can still
wait. This case study data is in accordance with that observed by previous
studies. In the model, this is represented by the setting of the
Correction_request_ rate = Maintenance_request*Corrective_percentage and the
Enhancement_request_rate = Maintenance_request*(1-Corrective_percentage).
Later, in the Staff allocation subsection, this higher priority is reflected by a higher

staff allocation for the CM.

As the specific and detailed pattern of the time series of the percentage of the
MRs number is also not available from the case study, the
Corrective_percentage is set in such a way that the average percentage of the
CM is more or less 33%, and general time series behaviour of the CM proportion
described by interviewees, presented in the time-series behaviour of MRs section
above, is adopted. It can be noted that there are some spikes in the percentage
of the CM after each release. This setting is presented in Figure 6.7 and used to

input the Corrective_percentage.
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Figure 6.7 The refined quarterly percentage of corrective MRs

Maintenance process steps. The general maintenance activities, which can
be classified into three iterative steps — analysis, modification development and
delivery, as shown by previous literature (see Figure 3.2) — were confirmed by
interviewees. They also confirmed the diagrams describing the steps of the
maintenance in practice, which describes CM as one step and EM as three steps
(see Appendix C.2.5), considering the time and resources allocated for SM
activities. Therefore, the structure of the maintenance process, the flow and steps

in the initial SD simulation, is kept in place.

Corrective maintenance steps. The case study data has shown that a CM
task requires only one or two weeks (5)(4)(7), or even, in some cases, may take
less than one day (9). This confirms that CM can be considered as consisting of

only one step.

Based on this data, it can be assumed quite reasonably that the average time
taken to complete and deliver a CM task by one staff member is one week or five
working days. This will be used as a reference to set the CM_delivery_rate value.
Especially, the value of the CM_factor is set in such a way that, on average,
there are 13 CM tasks that can be completed and delivered per quarter. This
becomes the initial value of CM_productivity_variation. Because this variation is a

function of staff Productivity variation, which initially depends on the initial value
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of the staff Average_competence_level (equals to 2.6475), and the CM_factor,
therefore the CM_factor is set to 4.9.

Enhancive maintenance steps. All interviewees revealed that all EM tasks
require significantly more time than the CM ones, although this also depends on
the complexity of the request and the staff competence (2). On average, the time
needed for EM is around two months but it certainly varies. This time length is
mostly for communication with various associated stakeholders or for the analysis
step. This confirms the findings of previous studies in terms of the comparison of

the time taken for performing CM and EM maintenance tasks.

By using this finding, the value of the EM tasks rate is set in such a way that
the rate is 1.5 tasks per quarter, or the average time taken to complete and
deliver one EM task by one staff is about 43 working days (two months). So, the
initial value for EM_productivity variation is 1.5 tasks per quarter. Because this
variation is a function of staff Productivity variation, which initially depends on the
initial value of the staff Average _competence_level (equals to 2.6475), and the
EM_factor, therefore the EM_factor is set to 0.567.

Further, the value of the staff EM_productivity_variation along with the
EM_analysis_factor, EM_development_factor, and EM_delivery_factor values will
be used as input for the rates of enhancement analysis, development and
delivery. To set each of these multipliers it is assumed that, following SM
literature, the enhancement analysis, development and delivery take 50%, 30%
and 20% respectively of the enhancement duration. In other words, one EM task
takes 21.5 working days for the analysis, 12.9 working days for the modification
development and 8.6 working days for the delivery. For each EM step, these
working days are equivalent to: EM_analysis_rate=3.02, EM_development_
rate=5.04 and EM_delivery_rate=7.56 completed tasks per quarter respectively.
Because these rates depend on the staff EM_productivity_variation, to get the
values associated with each rate the EM_analysis_factor,
EM_development_factor and EM_delivery_factor are set to 2.02, 3.34 and 5.04
respectively. For example, 3.02 for the EM_analysis_rate is more or less
1.5*2.02.

The stock’s name for each step of the EM is EM_analysed, EM_developed
and EM_delivered.
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Recurrent faults. An interviewee (2) mentioned that it is estimated that 10%
of MRs cannot be fulfilled, but another interviewee (4) said that all the
maintenance tasks assigned to him can be solved. There are also repeated
maintenance requests, which are around 5% (2) to 10% (8) of the total MRs. In
some cases, the same requests were addressed by more than two users at
different times. This is because PUSDATIN is unable to reach the large number
of users who are spread throughout Indonesia when a maintenance task is

complete (5).

No interviewees could specify whether a request was actually a result of
previously completed maintenance or not. In this case, this study assumes that
those MRs that cannot be fulfilled are recurrent faults, and therefore the
percentage of recurrent faults is assumed to be 10% of the total completed
maintenance tasks. Based on this assumption, on average the rate of recurrent
faults is 0.5% per quarter (note that the simulation time is 20 quarters). This value
is used to set the initial value of the graphical relationships

Recurrent_faults_percentage.

The interviewees (4)(5)(6)(7)(8), however, confirmed that as they gained
more experience through self-learning and training, the level of recurrent faults,
which represent SM quality, decreased. However, the decrease does not lead
towards zero, although they could not provide the figure. Figure 6.8 is the
Recurrent_fault_percentage which depends on the competence level gained from
self-learning and training. The figure is reproduced from the graph pattern
created by an interviewee (see Appendix C.2.4), but the percentage is set
according to the above data.
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Figure 6.8 The relationships between the learning and training and recurrent
fault percentage

Furthermore, it is assumed that all recurrent faults are transformed into MRs.
Accordingly, the Recurrent fault back variation is equal to the rate of the
recurrent faults. In turn, this requires the Recurrent_fault semaphore_rate to be

setto 1.

The aforementioned descriptions in this section refine and validate the
structure and parameter of the SD simulation such that the refined structure and
parameters of the relationships represent the important factors and relationships
of the SM process of the eGSMA. This is represented by the Maintenance

process sector in Figure 6.9.
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6.4.4 Structure and parameter verification — Motivational factor sector

This subsection presents verification process of the structure and
parameters of the model in the Motivational factor sector, Figure 5.16, against the
case study data. This verification is undertaken in accordance with validation
process presented in section 4.5. On completion of this verification process, a
verified Motivational factor process sector will be presented at the end of this

subsection.

Organisational rewards. Regarding organisational rewards, the senior
manager explained that the financial reward for civil servants in PUSDATIN is
based on the standard stipulated by government regulation, so PUSDATIN
cannot go beyond that. However, the senior manager can manage the
PUSDATIN budget such that organisational rewards can be provided to the staff.
More honoraria are provided to those who perform better. Training based on staff
interest is also part of rewards, especially overseas conferences or training. In
addition to these, PUSDATIN has been trying to assign jobs based on staff
competence and interest. For example, a tutor position for user training will be
given to highly motivated staff (2) and this job would eventually result in
additional income. As previously indicated, the organisational rewards are

additional to the staff monthly salary.

The following graph, Figure 6.10, is a reconstruction of the original graph
drawn by the senior manager that describes the relationship between the staff
maintenance performance (abscissa) and provided organisational rewards
(ordinate) (see Appendix C.2.7). The maintenance performance represents the
number of maintenance jobs that can be completed and delivered successfully by
a staff member per quarter; while the ordinate is a scaled value of the total
rewards provided by PUSDATIN to its staff per quarter. The senior manager
explained that the rewards provided to the staff who perform better will ultimately
improve staff performance (reinforcing feedback); but the rewards eventually
level off at a particular level. In addition to the performance in SM, the staff are
also evaluated based on their ability to communicate to users the application
under their responsibility, scientific papers written and the ability to organise a

team.
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Figure 6.10 The case study relationship between staff performance and
organisational rewards

The graph depicted in Figure 6.10 is wused to set the
Organisational_reward_factor. The rate of reward provided by the organisation is
modelled by the Reward_variation  which is  formulated as
Organisational_reward_factor / Reward_adjustment_time. It is assumed that the
performance in a particular quarter will get the rewards within a stipulated amount
at the same time as the staff member achieves a particular level of performance.

Therefore, the rwrd adj time is set to 1.

Rewards received from the organisation. In viewing the organisational
rewards, the interviewees had diverse opinions. One interviewee wondered
whether he had received organisational rewards or not (10), while another
interviewee considered he had received an extraordinary reward regarding his
contribution to the unit (4). However, all respondents said that they are proud if
the applications for which they are responsible are really utilised by users and
provide benefits to them. Some organisational activities such as training for staff
and user training are also viewed as rewards, because the training gives them
credit points which can eventually be used to improve their employment level.
The user training, especially to regional areas, gives staff a chance to travel (7)

which in turn provides additional income to them (6)(7). As user training was
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mostly assigned to the staff with better performance, the user training is
considered as a reward (1)(4)(6)(7). Being known by high-level managers from
other units or organisations is also considered as a reward (10). Scholarships to
pursue a higher academic degree are another invaluable reward (4). Also, most
of the interviewees mentioned explicitly that working in the IT area that they are

keen on is in itself a reward.

The responses from the interviewees indicate that the SM staff has received
rewards from the organisation and they acknowledged that the rewards consist of

intrinsic and extrinsic ones.

The expected rewards. Some of the interviewees did not give their view
regarding the expected rewards (4)(5). Other interviewees were aware of the
consequences of being civil servants, so they do not expect more financial
reward because it has been stipulated by government regulation (7)(10).
However, they still expect that their application is useful and provides benefits to

the users.

In response to the interview using a preset graph, an interviewee (7)
described his/her reward expectation with respect to their performance as
described by the following reconstructed diagram, Figure 6.11. The original
diagram drawn by the interviewee is shown in Appendix C.2.8. Within the graph,
the staff performance which is described as the abscissa represents the number
of maintenance tasks that can be completed successfully by a staff member per
quarter, while the ordinate is a scaled value of the total rewards expected by the
staff member per quarter. In terms of the initial reward, an interviewee expected
from PUSDATIN that when the staff performance is zero then the rewards given
should also be zero, because he currently observed that in some cases although

the staff performance was zero they still received certain rewards (8).
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Figure 6.11 The case study relationship between staff performance and staff
expectation on reward

This diagram is used to set the Expected_reward_factor. The rate of reward
expected from the organisation is modelled by the Reward_expectation
_variation which is formulated as Expected_reward_factor / Reward_expectation
_adjusment_time. It is assumed that the staff expect organisational rewards to be
given to the staff at the expected level based on performance in the quarter when
they perform. Therefore, the Reward_expectation_adjusment_time is set to 1.

Comparison between the received and the expected rewards. Among the
interviewees, there were staff who consider the rewards are less than expected
(10), about the same as expected (7)(6)(8) and much more than expected (4). As
in the initial SD simulation, the difference between the accumulation of the
provided organisational rewards, which is kept in the Reward, and the
accumulation of the expected rewards, which is kept in the

Expectation_of Reward, is calculated in the Reward_performance_difference.

Impact of the rewards on working hours. In responding to the question about
the impact of the rewards on working hours, all the interviewees felt that the level
of rewards received does not reduce their base maintenance working hours.
While some of them acknowledged that the received rewards can motivate them

to work better (4)(6)(7), other interviewees explained that the rewards do not
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influence their working hours (5)(10)(2) because they already receive a fixed
income. All of the interviewees, who were asked to draw a graph describing the
relationship between the rewards performance difference and efforts (working
hours), agreed with the graph drawn by (7) as depicted in Appendix C.2.9. This,
therefore, replaces the initial relationship graph shown by Figure 5.20.
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Figure 6.12 The case study relationship between reward performance
difference and effort

The reconstructed graph is presented in Figure 6.12, which describes the
relationship between the rewards and efforts in the eGSMA. The ordinate of the
graph represents the difference between the rewards provided by the
organisation and the rewards expected by the staff; both refer to the maintenance
performance, while the abscissa represents the effort exerted by the staff as an
impact of the difference. The interpretation of the abscissa is the same as that in
the initial model. The graph indicates that if the difference (ordinate) is positive,
then the effort can be improved up to 50% (7) or 30% (4) of the normal working
hours; however, if the difference is negative, then the effort is not reduced. If the
difference does not exist, the staff will exert according to their normal working
hours, that is, 0.875 or 87.5% of 8 official working hours a day. This equals to
Base_effort value. Figure 6.12 indicates that the maximum effort exerted by the
staff is 1.5 or 150% of 8 working hours a day. One interviewee indicated that he
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reduces slightly the working hours if the reward is less than the performance. The
relationship graph is used to set the Impact_of_RP__ difference_on_Effort.

Impact of effort and performance difference on working hours. All
interviewees mentioned that they bring their job home if they cannot finish it
during office hours. In addition, there are many occasions when they are required
to work overtime by PUSDATIN. In this case, they are not fussy because they
know the consequences of being a civil servant (2). For the overtime work
required by PUSDATIN, the staff will be provided with all the necessary
resources and honoraria (2), so they will add to their working hours if they
consider their performance will miss the target time. On the other hand, all
interviewees stated that if they can finish sooner than the scheduled time, then
they do not reduce their effort and will report to their manager as the job is
complete. In response to a graph presented to them, the interviewees described
the relationship between the effort performance difference and working hours as

depicted by the graph in Appendix C.2.6.
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Figure 6.13 The case study relationship between performance effort
difference and effort

Figure 6.13 is the reconstruction graph of the original graph provided by the

interviewee (7) who described the relationship between performance and effort.
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The ordinate of the graph represents the difference between performance and
effort, while the abscissa represents the effort exerted by the staff considering the
difference between performance and effort. The interpretation of the abscissa is
as in the initial model. When the difference is zero, in the sense that a normal
effort results in on-time completion of a maintenance task, the ordinate value is
set to 0.875 or 87.5% of 8 (official) working hours a day. This equals the
Base_effort value. This is also the value when the staff can finish a maintenance
task faster than scheduled or the difference is positive. On the other hand, if the
performance is estimated to miss the schedule or the difference is negative, then
the staff will add their working hours up to 50% of the working hours. The graph

provided in Figure 6.13 is used to set the Impact_of Performance_on_Effort.

The e-champion. The senior manager mentioned the existence of a number
of staff who can resolve many serious problems when the other staff cannot.
However, this is not a special group of staff but they are among those
categorised as competent staff. Accordingly, the e-champion does not need to
be modelled separately. It has been accommodated by the Impact of
Performance_on_Effort. Thus, the Impact_of _Echampion_on_Effort is eliminated
from the model, which is also eliminated from the CLD.

Communication with other staff and users. The staff communicated with other
staff in order to solve a problem (4)(6)(8), to understand the problem (10) or to
get an idea of how to solve the problem (5)(7). The interviewees said that the
communication level is good and easy. The communication with other staff helps
the staff to maintain the software, but there is no exact figure about the impact of
this communication towards maintenance performance. Quite often the
communication took place in an informal way (5). The senior manager explained
that in terms of technical matters, if a staff member as the maintainer currently
does not have a skill related to an MR, they will communicate to other staff or

contact their colleagues outside PUSDATIN.

The interviewees felt that communication with users also affects maintenance
completion time and especially that the number of users negatively influences
maintenance performance (4)(6)(7). This is so because the number of users
affects the number of requests; and the more requests the more difficult they are

to prioritise (8). In addition, the clarity of users’ requests also affects maintenance
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completion time (10) although they could not give the percentage of the
influence. As there is no specific data from the case study, the data used in the
initial simulation model is kept in place. From the description of these factors, it
can also be concluded that dependence on communication increases the length
of completion time or reduces productivity.

Personal activities during working hours. All the interviewees acknowledged
that they did some personal activities during working hours. The time used for
these activities varied from 5% (10) to 20% (2). On the other hand, they
mentioned that it is quite normal that they still think about the job while being at
home or even bring the job home. The average of these personal activities times
is used to determine the base effort. The average is 12.5%. Therefore, the
Base_effort is set to 0.875.

The case study data has been presented and used to validate and refine the
motivational factors sector of the initial SD simulation, therefore this sector
corresponds to the significant structure and parameters of the motivational
factors and their relationships of the eGSMA. The validated and refined version

of this motivational factors sector is presented in Figure 6.14.
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6.4.5 Structure and parameter verification — Staff competence sector
In this subsection, structure and parameters of the model in the Staff
competence sector, Figure 5.23, will be verified against the case study data in
accordance with validation process presented in section 4.5. On completion of
this verification process, a verified Staff competence sector will be presented at

the end of this subsection.

Staff competence level. In regard to the competence of the staff in SM, the
senior manager stated that there are only two categories: competent and less
competent staff, denoted as Competent_staff and Less_competent_staff stocks,
while the competence levels are represented as Competence_level of CS and
Competence_level of LCS. The senior manager expressed the comparison
between these two levels of competence as “70 versus 30”. This can be
interpreted as, within a specific time interval with the same number of jobs, the
competent staff can finish 70% of the jobs while the less competent can complete
only 30%. This data along with the average time required to complete a CM as
well as an EM task is used to approximate the value of the levels of competence
of competent and less competent staff. As mentioned in section 6.4.3, on
average a staff member can complete 13 CM and 1.5 EM tasks in a quarter.
Considering the percentages of corrective and enhancive MRs which are 33%
and 67%, respectively, the average number of tasks that can be completed by a
staff member in a quarter is 0.33*13 + 0.67*1.5 = 5.295 tasks. From this value,
the level of competence of competent staff is 0.7*5.295 = 3.7065 tasks per
quarter, while the level of competence of less competent staff is 0.3*5.295 =
1.5885 tasks per quarter. Therefore, the Competence_level of CS is set to
3.7065, and the Competence_level_of LCS is set to 1.5885.

Impact of maintenance experience on level of competence. SM experience
improves staff competence and confidence through self-learning and the
improvement is realised in terms of the time required to complete maintenance
tasks: the time becomes shorter (5)(6)(7)(8)(10). However, the increase in the
competence eventually levels off because the maintenance problems are typical

(2)(4). The improvement varies from 10% to 70% or attains 40% on average.

The graph describing the relationships between the number of maintenance

tasks delivered and competence level improvement by self-learning was
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confirmed by the interviewees, although the maximum value may be lower, as in
Figure 6.15. This figure is reconstructed from the interviewees’ responses as
described in Appendix C.2.10, but the maximum improvement value is taken from
the above data. This relationship graph is used to set the Learning_factor.

© Graphical Function |§|
1.400 S _ _
................................................ Tatal defivery Learring factar
................................................. 0.000 1.000
: : : : : : : : : : 10,00 1.022
. 2000 1044
Leaming | a0.00 1.086
factor T 40,00 1132
5 5 o of 5 o 8 o 8 = 50.00 1.130
E0.00 1.270
F0.00 1.322
s s 8 2 g g 8 8 ¢ 20.00 1.352
1.000 A N N U O O O O O 100.00 1376
—_ [ ]
E 0.000 100,00
Tatal_delivery [rata Paints: 11
Edit Output:
’ To Equation ] ’ Delete Graph ] ’ Cancel ] [ Ok ]

Figure 6.15 The impact of maintenance delivery on competence level
through self-learning

Training. The managers of PUSDATIN are well aware of ever-improving IT
and its impact on staff competence levels as well as the dynamic status of the
eGSMA. The negative impact of this was responded to by PUSDATIN by
conducting regular training for the staff in IT at least twice a year. The importance
of training was also realised by the top manager of the Ministry and hence an

adequate amount of budget was allocated specifically for training programs.

Responding to the negative impact of ever-changing IT constitutes 60% of the
reason behind the decision to organise regular training (4). This interviewee
explained that the other reasons, such as staff maintenance performance and
incoming new staff, are much less significant. Staff maintenance quality
performance and incoming staff could account for maximums of 30% and 10%
respectively. The interviewee, who is the training coordinator within the unit,

agreed with the prepared graph shown to him and depicted in Figure 6.16. The
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graph describes the relationship between competence level and training need. In
this relationship graph, the abscissa represents the number of maintenance tasks
that can be completed per person per quarter while the ordinate indicates the
degree of training need.
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Figure 6.16 The relationship between staff competence level and degree of
training need

This interviewee did not agree with two other graphs presented to him
depicting, first, the influence of quality maintenance performance and, second,
the influence of newly recruited staff on the decision to conduct training, but the
interviewee did not suggest any alternative relationship forms. In this case, it is
assumed that newly recruited staff are equal to less competent staff. The
interviewee underlined that these two reasons are less considered in a practical

sense.

Therefore, the initial SD simulation needs to be adjusted to reflect these two
less considered factors. For this, the graphs of the initial model of the two factors
are kept in place, but their weight in calculating the training need average is
further reduced, such that the weights of the maintenance quality performance
and new staff factors are set to 20% and 5% respectively. Consequently, this
increases the weight for the competence level factor to 75%. These reasons are

used to restructure the Training_need_varn. Now, mathematically:
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Training_need_varn = 0.75*Impact_of_competence_level_on_TN +
0.05*Impact_of LCS_on_TN + 0.20*Impact_of_recurrent_fault__on_TN

The range of this variation is from 0 to 1.

The training program is organised by a senior staff member who was an
interviewee. The training is delivered in collaboration with private companies.
Topics for the training were offered to staff and if they were interested in a
training topic they could attend the training (1)(4). On other occasions, it was the
staff who requested a particular training (11) and, if PUSDATIN considered the
training was valuable and related to staff jobs, then it was conducted.
Sometimes, the training was carried out because of organisational needs (1). In
this case, PUSDATIN assigned some staff to attend. On average, the staff

attended training twice a year.

The interviewees explained that in addition to the acquired skills, training
participants also received certificates, which could give them credit points. The
accumulation of these credit points, along with other aspects, could be used to

improve their position level, which in turn increased their income.

To date PUSDATIN has never formally evaluated the effectiveness of the
training in improving staff competence level, even though the senior manager
observed that an improvement effect on staff competence level did exist. All
interviewees also acknowledged the impact of training on their competence level.
The level of impact varied: 10% to 20% (10), 15% (11), 15% (8), 30% (9), 50%
(7) and 75% (6). The interviewees stated that the degree of impact on
competence level depends on the appropriateness of the training topic relative to
the problems being faced by staff and the quality of the tutor. The improvement
level rose to 50% or even 75% if the training contents matched with the problems
being engaged by the staff. Accordingly, based on that data the average value of

that impact is assumed to be 25% for each training program.

The average impact value is used as a reference to refine the graph that
describes the relationship between the training gap, the Actual_training —
Training_need, and the improvement in staff competence level. Thus, when the
training gap is zero — that is, when the actual training equals the training need —

then the improvement in staff competence level due to training is 0.25. The
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impact of training on the improvement in staff competence level is depicted in

Figure 6.17, where the maximum value of the improvement is set to 0.75. This
figure is used to set the Training_factor. The Average_improvement_per_training

is set to 0.25 and the Training_improvement_adjustment_time is 1.
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Figure 6.17 The impact of training on improving the competence level

The case study data, especially in relation to the staff competence factors,

has been presented and used to validate and refine the initial SD simulation.

Therefore, this validated structure and parameters of the staff competence

factors and their relationships correspond to the significant structure and

parameters of the staff competence factors and their relationships with the

eGSMA. The validated and refined Staff competence factors sector is presented

in Figure 6.18.
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6.4.6 Structure and parameter verification — Staff allocation sector
This subsection presents verification process of structure and parameters of
the model in the Staff development and Staff allocation sectors, Figure 5.29 and
Figure 5.31, respectively, against the case study data. This verification process is
carried out in accordance with validation process presented in section 4.5. On
completion of this verification process, a verified Staff allocation sector which is
constructed from the verified structure and parameters of previously Staff
development and Staff allocation sectors will be presented at the end of this

subsection.

The case study data collected from interviewing the senior manager indicates
that some parts of the initial model structure cannot be confirmed. These include
IS staff category and supervision. For this reason, the initial model will be refined

and simplified.

Personnel development. As mentioned previously, with regard to SM
performance the senior manager categorised the staff into competent staff and
less competent staff. In this case he disregarded the academic degrees held by
the staff. Referring to the number of current staff, 16 persons, who were
responsible for specific software operation and maintenance, the senior manager
considered 11 staff to be competent and the rest less competent, Appendix B.2.
Further, the senior manager said that about four years ago the number of less
competent staff was eight. Because there are only two classification of IS staff,
the general structure of the initial model associated with staff classification,
presented in section 5.3.8, is not fully confirmed. Consequently, in accordance
with this case data the model is simplified into one layer consisting of only
Less_competent_staff and Competent_staff stocks, in contrast to the initial model

which comprised two layers with five stocks.

Considering the fact that two staff members were recruited in 2008 and 2009,
the initial value of the total number of staff is 14; the stocks initial value of the
Less_competent_staff is set to eight and that of the Competent_staff is set to six.
The change in the number of current Competent_staff compared with the number
four years ago shows that there has been an improvement in the level of staff
competence. The improvement is modelled by the Improvement_rate which is a

division function of the Less _competent staff and the Improvement
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adjustment_time. The larger the Improvement_adjustment_time value, the longer

it takes to improve. The formulation for this factor is:

Improvement_adjustment_time = Base_improvement_adjustment_time /

Learning_and_training_factor.

In this case the Base_improvement_adjustment_time is set to 26 because at the
end of simulation time there should be 11 competent and five less competent
staff. The Improvement_adjustment_time is formulated as division because the
Learning_and_training_factor value is larger than 1. This means as the
Learning_and_training_factor increases, the Improvement_ adjustment_time
decreases, which in turn causes the Improvement_rate — that is, the number of

staff who improve — to increase.

Staff recruitment and retirement. The senior manager explained that
PUSDATIN cannot recruit new staff independently and directly but must request
the Ministry through the Personnel Bureau of the Ministry. The bureau will
allocate a quota for PUSDATIN by considering the whole requirements of the
Ministry. The recruitment of new staff is a once-a-year process but there is no

specific limitation on the number of new staff to be recruited.

For this reason, in order to avoid zero recruitment the Recruitment_limitation

is set to one. The number of new staff recruited is formulated as:
New_staff recruited = MIN(recruitment limitation, total staff gap)
This is then used to determine the Recruitment_rate.
Recruitment_rate = New_staff recruited/Recruitment_adjustment_time

As recruitment occurs once a year, the Recruitment_adjustment_time is set to

four quarters.

On the other hand, staff exit from PUSDATIN so far is almost non-existent
other than for two staff who retired over the period of the last four or five years. In
general, they stay as PUSDATIN staff until retirement time comes. For example,
there are four current staff who started their careers at PUSDATIN as
programmers from 1981, or about 30 years ago. This study assumes that this

also applies to the other staff. This assumption also means less competent staff
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never exit. One interviewee mentioned that the advantage of being a civil servant
is in terms of job and income security, especially during unstable national
economic conditions (8). This staff employment time is used to input the exit rate,
which is represented by an outflow from the Competent_staff stock named
Exit_rate.

Exit_rate= Competent_staff/exit_adjustment_time
The Exit_adjustment_time is set to 120 quarters, or 30 years.

Considering the number of staff with respect to the PUSDATIN SM workload,
the senior manager regarded it as sufficient based on his experience and
observation, although there has not been any formal study of staff sufficiency.
Consequently, the total staff needed can plausibly be assumed to be equal to the
current total staff. As the number of staff responsible for SM is currently 16, so
the Total_staff needed is set to 16. As in the initial model, the difference between
the number of current staff and the number of staff needed is modelled by

Total_staff _gap.
Total_staff gap = Total_staff needed — Total_staff

Staff availability. The senior manager confirmed that some senior and
competent staff supervise less competent ones but this supervision does not take
up a significant portion of their working time. Therefore the senior manager stated
that staff availability is not affected by their supervisory activity. Accordingly, the

Supervisors factor is eliminated from the initial model. This elimination causes:
Total_staff_available = Total_staff * Average_availability_per_staff

In turn, the Average_availability _per_staff is determined by the level of staff

absence, other duties and tasks from VIP.

One interviewee (the operational manager) said that the staff absence level is
low, although there is no specific data about this. Some of the staff currently have
external jobs but these are performed after working hours or on the weekend
(5)(6)(7). Thus, these external jobs do not affect absence level. Considering this

fact, it is assumed that the average absence level is 5% of the total working days
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in a year, and the relationship between reward performance difference and

absenteeism of the initial model is kept in place.

The average absence level will be used to set the minimum value of the
graphical relationship between the Reward_performance_difference factor and
absence level, which is represented by the Impact_of RP_on_absence_level,
shown in Figure 6.19. This graph replaces the relationships graph depicted in

Figure 5.32.
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Figure 6.19 The case study relationship between reward performance
difference and absence level

Other duties. In addition to maintaining the software, all the interviewees
mentioned that they have to perform other organisational tasks. The assigned
tasks can be either related or not related to the software for which the staff are
responsible and can include other software development, user support and
training, meeting and ceremonial activities and budget planning. According to the
senior manager, the workload of these organisational tasks varies from 10% to
50% of the staff total workload. The staff who are assigned these tasks are those
who have high performance levels, because these additional tasks could lead to
more income (1)(2). Based on this data, the Other_duty_level is set to 0.3, that is,

the mid value of the range of the level of other organisational tasks.
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Tasks from VIPs. Another factor that affects staff availability for SM is tasks
from VIPs in the Ministry which can pre-empt staff maintenance work. However, it
is assumed that these pre-emptive tasks do not apply to all staff at the same
time, or that only a portion of staff are given this type of task. This is modelled as
Tasks_from_VIP. The interviewee mentioned that on average the VIP tasks are
about 7.5% (2). This value is used to set up the Tasks_from_VIP factor.

Considering these factors, then:

Average_availability per_staff = 1 — (Impact_of RP_on_absence level +
Other_duty_level +Tasks_from_VIP)

Staff allocation. In terms of placing more importance on CM than EM, the
senior manager said this is because a fault or error could stop the software from
working, while enhancement could wait. If the importance of CM is translated into
the number of staff allocated to CM tasks, then it means that if both types of
maintenance task occur concurrently, some of the EM staff are reallocated to CM
tasks. However, the proportion of reallocated staff is less than 50% of the current

number of EM staff.
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Figure 6.20 The relationship between the urgency of CM and the percentage
of staff allocated for CM
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This data is used to set the maximum value of the Percent_allocation_for CM
(see Figure 6.20) which is 75%.

The multiplication of the Percent_allocation_for CM  with the
Total_staff_available determines the actual number of staff allocated for each
type of maintenance task. Therefore, the:

Daily_manpower_of_staff for EM = (1 — Percent_allocation_for_CM) *
Total_staff_available

and

Daily_manpower_of staff for CM = Percent_allocation_for_correction *

Total_staff _available.

The presentation and analysis of the case study data with regard to the staff
development of the eGSMA cause a necessary madification to the structure of
the sectors. To simplify the model representation, model structure associated
with IS staff development and allocation is now represented in one sector named
the Staff allocation sector. This model sector consists of only one layer and does
not include factors related to supervision. This model sector, which corresponds
to the significant structure and relationships of the success factors of the eGSMA,

is presented in Figure 6.20.
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The structure and parameter verification process which has been performed
in this section (section 6.4) results in the model version 2.0. Now, the model

consists of four sectors:

- Maintenance process sector — Figure 6.9,

- Motivational factors sector — Figure 6.14,

- Staff competence sector — Figure 6.18, and
- Staff allocation sector — Figure 6.21.

The model of this version was built up gradually using the knowledge derived
from previous studies, the researcher’s assumptions and the eGSMA case study
data. As the structure and parameter verification has been undertaken, the
structure and parameters of the model version 2.0 correspond to the structure
and parameters of the success factors system of the eGSMA; and the significant
structure and parameters of the success factors of the eGSMA relevant to the

study have been represented properly in the model.

As previously mentioned in Chapter 4, section 4.5, the model of version 2.0
will undergo a desk validation process in accordance with the steps presented in
Figure 4.5. The following subsections present this process. Because the tests
that will be conducted as part of the validation process to the model version 2.0
may involve some changes in the model parameters, the model version 2.0 is

called the base case.

6.4.7 Dimensional consistency test

Now, the model version 2.0, which consists of four sectors, will undergo a
dimensional consistency test. The dimensional consistency test aims at ensuring
the measurement units at the left-hand side and right-hand side of an equation in
the model version 2.0 are equal. It is also useful in revealing whether a
parameter included in the equation is meaningful as a component of the model
structure. A failure to pass this test indicates a faulty model structure (Forrester &
Senge 1980: 216). For this study, the test was performed through the STELLA®
facility along with the model development and refinement process. The output
from STELLA for each converter, flow and stock was reviewed. The dimensions
of all equations of the SD simulation have been tested and have passed. The
meaning of the scaled parameters in each equation of the SD simulation has also

been re-evaluated. It has been ensured during model development and
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refinement as well as model testing that each parameter included in an equation
has been well defined and explained, and that all scaled parameters have
practical meaning relevant to the problem.

An example is provided as follows. An equation that determines the rate of
CM delivery named CM_delivery_rate is evaluated. The dimension of this rate is
tasks/quarter which means the number of maintenance tasks that can be
completed and delivered in one quarter. The rate is formulated as:

CM_delivery_rate=Daily _manpower_of staff for CM *

CM_productivity variation
and the dimension of this equation is:

tasks/quarter = persons * tasks/person quarter

= task/quarter

Therefore, the dimension on the left-hand side equals the dimension on the
right-hand side of the equation. This mechanism can be performed through
STELLA® software. For example, a dimension evaluation of the equation that
forms the Maintenance_request variation, the variation of the incoming
maintenance request, results in Figure 6.22; and a dimension test on the overall

equations in model version 2.0 produces the output in Figure 6.23.

In sum, the dimension consistency test concludes that the dimensions of the
left-hand side are consistent with those on the right-hand side of all equations in

the model version 2.0.
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6.4.8 Boundary adequacy test

Once the dimensional consistency test completes, the next test over the
model version 2.0 is the boundary adequacy test. The implementation of this test
in this study is indicated by the sectors, exogenous and endogenous factors of
the SD simulation. The SD simulation sectors disaggregate the overall system
under interest according to the SD problem formulation and the purpose of the
model. Consistent with the purpose of the case study SD model, the primary
important exogenous and endogenous factors of the model based on the case
study are presented in the following table, Table 6.6. Specifically, these factors

do not include those that become the elements of the driving and governing
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factor, service delivery management, external factors, hardware, IS development,

etc.

Table 6.6 The endogenous and exogenous factors reflecting the boundary of
the SD model

Endogenous | Exogenous
Maintenance process sector
Maintenance requests Project quality and enhancement

pressure (impact of time to new
maintenance request)

Maintenance deliveries Semaphore rate for recurrent faults

System size and complexity New releases

Recurrent faults (system quality)

Motivational factors sector

Reward provided to staff Staff communication level with
environment

Reward expected by staff
Staff productivity

Staff effort

Maintenance performance

Staff competence sector

Average competence level Staff initial competence level
Learning and training IT advancement
Level of training needed Actual training

Staff allocation sector

The number of competent and less | Other duties and VIP tasks
competent staff

Staff availability The level of urgency of a CM task
Staff allocation Total staff needed
Limitation on the number of new staff
recruited

Length of tenure

Recruitment period

6.4.9 Extreme conditions test

This is conducted to the model version 2.0 after the boundary test has been
completed. This test is performed by introducing appropriate extreme values
(large negative, zero or large positive values) to the model. In implementing this
test, in order to obtain meaningful results the introduced extreme values should

also have an association with practical meanings of the real-world situations.
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Otherwise, the test will not give any value to the enhancement of the model

soundness and usefulness.

Negative extreme values. Negative extreme values are not introduced
because a negative value within the context of the study does not have real
practical meaning. For example, a negative value of total staff or incoming
requests does not have practical meaning. It is not possible for PUSDATIN to
“borrow” (which could be associated with a negative value) staff from other

organisations.

Zero value. The model is subjected to the introduction of a zero value which
is implemented to a number of factors. The factors and the meanings of the zero
value setting are presented in Table 6.7. The expected reasonable output for
each factor setting is that there is no maintenance delivery all the time.
Therefore, the ratio between maintenance deliveries and requests should also be
zero all the time; or, especially for the CM and EM, if the Corrective_percentage

is set to zero or is set to 1, then the CM or EM delivery should be zero.

Table 6.7 The extreme condition test with zero value setting

Factor Meaning
Impact of Time on NMR There is no incoming maintenance request.
Effort variation The staff does not exert any effort.
Other duty level, This is set to 1. All staff are not available for
Impact of RP on absence | doing maintenance jobs because they are
level, doing other tasks or absent all the time
Task from VIP
Less competent staff, The staff are not available and there are no
Competent staff, and new staff needed.
Total staff needed.
Competence level of CS, All staff do not have any competence.
Competence level of LCS
Corrective percentage or If the corrective MR is zero, then all incoming
1- Corrective percentage MRs are of the enhancive type, and vice

versa.

This zero value test is exactly the same with the physical conservation law
test, which means if there is no input, then there is no output. In addition to the
ability of the model to pass this test, the introduction of zero value has been able

to identify the division-by-zero-problem within some mathematical equations,
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such as that involving division by the Total_request factor. These problems have
been rectified by introducing IF THEN ELSE statement. This test has also been
able to mark a negative value problem, which means revealing an incorrect
formulation such as the formulation of the Average_availability per_staff. The
problem has been overcome by re-formulating the equation as:

Average_availability_per_staff = MAX
(0, 1 — (Impact_of_RP_on_absence_level + Other_duty_level +
Tasks_from_VIP))

As the graphical outputs have shown the expected results, that there is no
maintenance delivery, then the model version 2.0 is considered to have passed

this test. The graphical outputs are presented in Appendix D.1.1.

Positive extreme values. The third type of extreme value test is performed by
setting parameters, stocks or rates to a positive large value relative to the current
value used to input the model. To perform this testing, the following are setting
examples applied to the model, see Table 6.8. Graphical output when MRs is
100000 times higher is provided in Appendix D.1.2.

Table 6.8 The extreme condition test with large positive value settings

No Parameter, Setting Meaning of the setting and expected output
stock or rate
1 Maintenance 100000, or The number of MRs is unfeasibly large from
request variation | STEP the very beginning or from the 10th quarter.

(100000,10) | Zero level of delivery and request ratio from
the beginning or after 10th quarter

2 Reward 4000 Practically there is no additional reward.
adjustment time Effort will decrease to the lowest level.

3 Communication | STEP(1,10) An MR that can only be solved with external
level with experts assistance which are not available
experienced since 10th quarter.
staff Zero level of delivery from 10th quarter to the

end.

As seen in Appendix D.1.3, the graphical output seems as expected. The
graph resulting from the first setting describes that the dynamic of the delivery
and request ratio shows an extreme drop after the 10th quarter. This is so

because the requests become very large.
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The figure as a result of the second setting shows that as there is no reward,
the exerted effort due to reward is never increased from its base effort level:
0.875 out of official working hours a day, see Appendix D.1.4. It must be noted
that in this case, from the beginning of the simulation period the organisational
rewards were lower than the expected reward level. However, the exerted effort
does not continuously decrease because the staff never reduces the base effort
level. The absence of the organisational rewards affects staff absence up to its
maximum level of 0.2; and it affects the availability of the total staff to decrease to
a certain level. Once the staff absence reaches its maximum level, the availability
of the total staff starts to increase, caused by new staff recruitment. As the output

is plausible, then SD simulation version 2.0 passes this kind of test.

The graph, as a result of the third setting, indicates that the output is
plausible, see Appendix D.1.5. As the staff are unable to get a solution from the
expert from the 10th quarter, then the productivity level drops and causes zero
delivery. Therefore, the delivery and request ratio decreases from the 10th
quarter. This decreasing pattern is because the cumulative delivery does not

increase; on the other hand the cumulative requests keep rising.

6.4.10 Behaviour sensitivity test

This test is also applied to the model version 2.0 after the extreme condition
test completes. Technically, the behaviour sensitivity test in this study is
conducted by following the one shown in Maani and Cavana (2007, Case 5).
First, several parameters and graphical relationships of the model version 2.0, for
which uncertain values are introduced, are selected and listed. The model
version 2.0 that has passed all previous tests and which serves as the base case
is run. The values at the end of this simulation run are listed. Then each of the
parameters and relationships of the base case is decreased and increased by
10%. For each decrease or increase, the simulation is run. For example, the
base case of the Other_duty_level parameter is 0.3, and the 10% decrease and
10% increase of this value are 0.27 and 0.33 respectively. For a non-multiplier
graphical relationship, these decreases and increases are applied to all values of
the graph. While for a multiplier graphical relationship which contains 1 that
means no effect, the settings are applied by calculating the difference between
the graph values and 1, then multiplying these differences by 1.1. The resulting

values are then added to 1 or subtracted from 1. The selected parameters and
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graphical relationships, for which their values are considered uncertain, are
presented in Appendix D.2.

Second, for the purpose of this sensitivity test, four important factors are
selected and their final values at the end of the simulation run are observed:
Delivery_and_request_ratio as a measure of SM  performance;
Average_competence_level as a measure of overall staff competence level;
Productivity_variation as a measure of motivational factors; and
Total_staff _available as a measure of staff allocation. To perform the simulation
run for each 10% decrease and 10% increase, the facilities available within
STELLA® software are utilised. For example, Appendix D.3 is the interface
created within STELLA® to conduct the sensitivity test especially for the
Maintenance process sector. It contains slider and graphical inputs, and

numerical outputs of the selected factors.

Third, after running the simulation with 10% decrease and increase the
outputs are tabulated. Again, using the criteria in Maani and Cavana’s case, the
parameters and graphical relationships are classified as sensitive if there is 5% —
14% change, very sensitive if there is 15% — 34% change, and highly sensitive if
over 35% change is observed within the selected important factors. The
observed changes are presented in Appendices D.4 and D.5.
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Table 6.9 Summary of the sensitive parameters

Delivery| Average |Productivity| Total staff | Classification”
and |competence| variation | available
request level
ratio
10% decrease / 10% increase
Maintenance process
1 |Task multiplier both
2 |System increase factor both
3 |EM analysis factor both
4 |EM development factor both
5 |EM delivery factor both
6 |Recurrent fault percentage internal
7 |Recurrent fault semaphore rate external
Motivational factors
8 |Organisational reward factor internal
9 |Expected reward factor external
10 |Reward adjustment time internal
1 Reward expectation adjustment
Time external
12 |Impact of RP difference on effort —6% / 6% both
13 |Impact of Performance on effort
14 |Base effort
15 Communication level with
experienced staffs both
16 |Communication level with users both
Staff allocation
17 |Impact of RP on absence level
18 |Other duty level 5% /5% |internal
19 |Tasks from VIP internal
20 Base improvement adjustment
time external
21 |Recruitment limitation internal
22 [Total staff needed —10% / 9% |internal
23 |CM urgency level internal
24 |Percent allocation for CM internal
Staff competence
o5 Competence level of CS -10% / -10% /
10% 10% internal
26 |Competence level of LCS internal
27 IT advancement 14% /- 14% /-
12% 12% external
28 Learning factor -12% / -12% /
12% 13% external
29 [Training factor internal
Average improvement per
30 g
training both
Training improvement
31 |adjustment
Time internal
32 Impact of competence level on -5% / -5% /
TN internal

*) Classification column indicates whether the associate factors are under e-
government system management control or not: internal — under control; external
— beyond control; and both — management can control up to some levels.
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The summarised results of the behaviour sensitivity are given in Table 6.9. It
can be observed that none of the parameters is very or highly sensitive towards
the selected parameters. This table shows that the Delivery_and_request_ratio is
not sensitive to all parameters and all selected parameters of the sectors are not
sensitive to all parameters of the Maintenance process sector. The
Total_staff needed, Competence_level _of CS, IT_advancement and
Learning_factor relatively have higher sensitivity levels compared with other
sensitive parameters and the decision-makers or managers of an e-government
system should pay more attention to them. On the other hand, insensitive
parameters indicate that small changes to the base value do not cause significant
changes to the selected important parameters. Possibly, with structural changes
these insensitive parameters could cause considerable variation to the

performance parameters.

6.4.11 Behaviour reproduction test

Following the behaviour sensitivity test is the behaviour reproduction test
which is also performed to the model version 2.0. The purpose of this test is to
evaluate the closeness of the time-series simulation run output reflecting the
behaviour of the model with the reference mode of the eGSMA. However, as
mentioned in the previous section, data about the reference mode or the steady-
state software availability level over time of the eGSMA is not available. Any
documents indicating MRs and the maintenance delivery cannot be obtained
because they are unavailable. Therefore, the use of point-by-point fit to evaluate
the closeness is infeasible. On the other hand, PUSDATIN has shown that it can
successfully maintain its software for a relatively long time. The interviewees
mentioned that the percentage of unfulfiled MRs is less than or equal to 10%.
Based on this data, it is assumed that the steady-state software availability level
over time of the eGSMA is about 90% or higher.

Accordingly, to pass this test the model should be able to produce a delivery
and request ratio which stays at a high value, about 90%, for quite a long time,
more than four years. The judgement of the ability of the model to reproduce the
dynamic behaviour of the software availability of the eGSMA is mainly qualitative
but is guided by the dynamic pattern produced by the model. A relatively stable

high value of the ratio will affirm that all significant factors, relationships and
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structures as well as parameter values of the sustainable eGSMA have been well
represented by the model version 2.0.

For this test, the model version 2.0 is run to produce the dynamic behaviour
of the Delivery_and_request_ratio as the measure of the steady-state software
availability level and SM performance. The dynamic behaviour of the ratio is
presented in Figure 6.24.
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Figure 6.24 The dynamic behaviour of the SM performance of the base case
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As can be seen in Figure 6.24, the level of the ratio over time is steadily
increasing from O from quarter O to quarter 5, then is close to 1 after quarter 5 for
the rest. To understand the early pattern of the ratio in Figure 6.24, which does
not start directly with a high value, two aspects must be considered. First, the
ratio is the number of deliveries divided by the number of requests at the same
time point, say t. The deliveries at a particular point of time actually refer to the
requests at a certain interval time prior to that point of time, or t-a, (a is a positive
constant value) because maintenance takes time. Second, the formulation of the
ratio is based on the cumulative value of maintenance delivery and request; the
delivery always gradually increases from zero, while the request can start with
any positive value. Accordingly, in general this delivery and request ratio satisfies
the behaviour over time of the steady-state software availability level of the

eGSMA, except for the early period of the run.
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6.4.12 Behaviour anomaly test

In accordance with the validation process described in subsection 4.5.2,
Figure 4.5, this is the last test performed on the model version 2.0. In the search
for any behaviour anomaly of the model, the test found likely anomalous
behaviour when the Recurrent_faults_percentage is set to a relatively large and
constant value. In this case, it is set to 0.2. The Recurrent_faults_percentage
represents the quality of maintenance; a higher value means a low-quality
maintenance delivery. This reduces the usability of the completed and delivered
maintenance tasks. By setting it to a relatively large and constant value, it is
assumed that the quality of maintenance delivery is relatively low and does not
change over time. The impact of this setting on software availability or
maintenance performance is an anomalous pattern, see Figure 6.25. The
strange behaviour is shown by the fact that the ratio increases but after a
particular time period it is monotonically decreasing, although in this test other
factors setting are not changed, including the decreasing new MRs or

New_maintenance_request.

Q 1: Delivery and request ratio
1 1+

Page 1 Quarters 4:46 PM  Sun, 4 Sep 2011
a g/ 2 Software maintenance performance
H

Figure 6.25 Anomalous behaviour of software availability under a constant
and large value of Recurrent_faults_percentage assumption

Although the Delivery_and_request_ratio shows an anomalous pattern, by
tracing all feedback-loop relationships that link the Recurrent_faults_percentage,
the decreasing pattern of the ratio is understandable. First, this is because of the
existence of negative reinforcing feedback-loop between the percentage, MRs,

and the ratio. A high percentage of recurrent faults prevents the total MRs from
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decreasing, which eventually reduces the ratio level. Second, once the ratio is
continuously decreasing, the rewards are affected in such a way that the
difference of provided and expected rewards does not make the staff effort higher
than the base effort level, as in Figure 6.26. Third, the staff absence level tends
to increase after the 12th quarter, which in turn reduces the staff availability level
— or the staff are still available but mostly dominated by new staff, see Figure
6.27. All of these cause the ratio to continuously decrease.
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Figure 6.26 The impact of a constant and large value of
Recurrent_faults_percentage assumption on rewards and effort
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Figure 6.27 The impact of a constant and large value of
Recurrent_faults_percentage assumption on staff availability
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In sum, the anomalous behaviour can be tracked within the model, therefore
model version 2.0 passes this test. The test also shows the importance of
keeping a high quality level of the maintenance delivery factor.

6.4.13 Conclusion

The validation process has been performed to the eGSF SD model version
1.1. The CLD has been refined based on the data from a case study and the
structure and parameters of the simulation model have also been validated
against the case study data, resulting in eGSF SD model version 2.0. During the
structure and parameters verification process, it has been indicated which
structure and parameters of the initial model presented in Chapter 5, sections 5.3
are confirmed or not confirmed by the case study. The eGSF SD model version
2.0 is presented as a CLD in Figure 6.3 and a simulation model, which consists
of four sectors, is presented in Figures 6.9, 6.14, 6.18 and 6.21. Therefore, the
model can also be called the eGSMA SD model.

A further validation process as required by the SD method has been
conducted on simulation model version 2.0 confirming its model structure and
behaviour, and further refinement is not necessary. Therefore, eGSF SD model
version 2.0 now becomes eGSF SD model 2.1 or validated eGSMA SD model.

It must be noted that although the initial model was developed from various
research not specific to developing countries, the model is not intended to
represent e-government success in developed countries also. First, the model
was validated against a successful e-government system in a developing
country. The criteria for the selection of the case were based on the working
definition of e-government success, which specifically refers to the common level
of e-government index of developing countries. The average index for developing
countries is much lower than for developed ones. Second, most of the
parameters of the validated model are derived from the case study which might
not represent e-government systems in developed countries such as system

size, competence level and turnover rate.

6.5 Summary

This chapter has presented the validation process of eGSF SD model version

1.1 and the process has resulted in eGSF SD model version 2.1 or validated
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eGSMA SD model. The documentation for the equations, graphical relationships,
parameter values and initial values is provided in Appendix E. This process
implements the research design and method presented in Chapter 4 in order to
validate and refine the initial and conceptual model, eGSF SD model version 1.1
as presented in Chapter 5, which was developed based on the literature review

and the researcher’s mental model.

To represent an actual successful e-government system, a successful e-
government system in Indonesia has been selected for the implementation of a
single case study. In this study, the case is the eGSMA. Data collection has been
carried out guided by eGSF SD model version 1.1 and the data has been used to
confirm or disconfirm and refine eGSF SD model version 1.1. The CLD as well as
the structure and parameters of the simulation model have been refined based

on the case study findings.

There is some possible bias in the data as a result of the unavailability of
formally documented data and reliance on the personal judgements of the
interviewees. However, as the interviewees are those who have been intimately
involved in e-government SM for a relatively long period, the bias can be
reduced. In order to build confidence in the SD simulation model, a series of
further tests has been undertaken: dimensional consistency, extreme conditions,
boundary adequacy, behaviour sensitivity, behaviour reproduction and behaviour

anomaly tests.

As in SD in general, the validated eGSMA SD model can now be used with
high confidence to evaluate and analyse a policy or a particular situation. In
Chapter 7, this validated model will be discussed by using it to analyse success
factor relationships of the eGSMA, and be used to evaluate and analyse why and
how a (set of) factor(s) and their relationships are important for — or give high

Ieverage to — e-government success.
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Chapter 7 Discussion

7.1 Introduction

This chapter discusses the usability of the validated simulation model and
presents some interesting results from using the model. The validation process in
the previous chapter has built a sufficient level of confidence in the soundness
and usefulness of the model which therefore has reasonably represented a
success factor system of an actual successful e-government system. Hence, the
model can be used with a reasonable level of confidence to design and analyse

policies for e-government system improvement (Sterman 2000: 103).

In this chapter, the model will be used to explain why the case study achieves
success through the chain of success factor relationships and to identify possible
leverage factors for its e-government success. In addition, the model will be
utilised to analyse some factors identified in previous studies which have been
shown to cause e-government failure. For this, a number of simulations will be
run over the model to evaluate and analyse different scenarios applied to the
model which accommodate those factors. The discussion and analysis of the
simulation outputs could assist the e-government decision-makers or managers
of other e-government system units in Indonesia or other developing countries to
design policies preventing the conditions that cause e-government failure from its

occurrence in the future (Maani & Cavana 2007 Ch. 5).

In order to present the discussion and analysis, this chapter is organised as
follows. First, the description about the scenarios that will be simulated on the
validated model is presented. Second, the scenarios are applied to the validated
model, a simulation is run on each scenario and the results are analysed. Before
the scenario simulations are run, a base scenario simulation (in which no
parameter or structure of the model is altered) representing the validated model

based on the case study is run. Third, a summary of this chapter is provided.

7.2 Scenario simulations

Within the context of SD modelling, a scenario simulation for analysing a
policy is “an extremely important part of the modelling process” (Maani & Cavana

2007: 75). A scenario is implemented by altering the value of a (set of)
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parameter(s) and running a simulation on the validated model based on these
altered values. The scenario could also be implemented by adjusting the
structural relationships of the validated model such as by changing the graphical
relationships, linking model elements which previously were not linked, or
deleting or adding elements from or to the model (Maani & Cavana 2007). The
dynamic behaviours resulting from the simulation run of a scenario are then

observed and analysed.

In this study, a policy can mean a success factor or a structural relationship of
success factors which has been indicated by the case study or previous studies
to influence e-government success or failure. By running this simulation scenario
on the validated model, it will be revealed what factors and their relationships
lead to e-government success or failure and how they do so, otherwise
explanations could be sought from the model as to why a certain level of success
cannot be realised. Among the benefits of this simulation is that a policy can be
exercised to help decision-makers to review the dynamic impacts of the policy
without costing any resources or affecting current organisational settings
(Morecroft 2007; Sterman 2000).

For this study, in order to run scenario simulations it is necessary to identify
various possibilities that might occur or have already occurred. However,
considering the number of model parameters and structural relationships as well
as the number of different combinations between them, the number of possible
situations can be enormous. Running simulation of a large number of possible
situations can result in a large number of simulation outputs which will be very
complicated and difficult for interpretation, hence less useful for e-government
decision-makers or managers. For example, to give an idea of these numerous
possibilities section 6.4.10, which describes behaviour sensitivity tests, has
indicated a large number of simulation runs that have to be performed when the
value of only one parameter of the model is altered and other values are kept at

their original values.

So, in order to make scenario simulations meaningful and useful it is
necessary to narrow down the scope of the scenario by reviewing the aim of this
modelling research. As described in Chapter 5, the SD modelling aims to give

insight into the importance of complex feedback relationships of the eGSFs in
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influencing e-government success and to show why and how these relationships
lead to e-government success over time from the perspectives of SM and IS staff
management. Using a different side of the same coin and referring to previous
studies, scenarios will be simulated to explain why a (set of) particular
parameter(s) and/or some structural relationships are important for e-government
success, or otherwise lead to an e-government failure. The scenario will be

evaluated mainly based on the software availability over time.

For this, a list of scenarios is devised and presented in Table 7.1. For each of
these scenarios, other parameter values and relationships of the base scenario

are kept in place unless stated otherwise.

Table 7.1 A list of scenarios

Scenario Description
Base The validated eGSMA SD model
Recurrent fault Increase the recurrent fault percentage in the base scenario
increase to emphasise the importance of impact analysis
Quality of Adjust dynamic level of MRs in the base scenario to reflect
developed the role of quality software resulting from development
software project within SM perspective

Rewards and staff
turnover
dependency

Construct a structural relationship between rewards and
staff turnover factors in the base scenario to describe
dependency of these two factors

Rewards, absence
level and work
morale

Constructing structural relationships between rewards, staff
absence level, and recurrent faults factors in the base
scenario to represent dependency among these factors

dependency

Lack of Lower the average competence level as a result of inability
competence level | of the organisation to recruit competent staff due to low
and training wage offered and job characteristic perceptions, and reduce

the average improvement level per training and the training
frequency of the base scenario to reflect the lack of funding.

Reallocate idle
staff

Construct a link between maintenance requests and other
duty levels in the base scenario to describe a possibility to
re-allocate idle IS staff to other tasks when maintenance
workload is at low levels.

External expertise

Adjust the value of environmental factors in the base
scenario to reflect the impact of high dependency on the
external factors.

269




7.3 Base scenario

7.3.1 Characteristics

A formal model representing dynamic relationships between eGSFs has
sufficiently completed a validation process in Chapter 6. This model, for which
the parameters and structures have been verified against a successful e-
government system case study (the eGSMA), is termed the “base scenario” and
it is on this base scenario that parameter values and relationship structures will
be varied and simulated to explore how a possible situation might dynamically
influence e-government success or lead to e-government failure. Despite the
complete listing of parameters and structures of the base scenario provided in
Appendix E, the following list summarises general characteristics of the base
scenario. Referring to model version numbering used in the previous chapter, this

base scenario refers to the model version 2.1.

e Overall initial system size is 100,000 SLOC, which is relatively small, then
increases 10,000 SLOC each year from third year due to new version
releases.

e Total increase of SLOC for each maintenance delivery on average is 15.

¢ Following the characteristics of close-developed software, the MRs of this
type of software have a general decreasing pattern over time with a lump
of MRs soon after new version releases.

e The total of quarterly MRs that are the total of corrective and enhancive
MRs each quarter is equal to the faults estimated from the SLOC of the
system.

e Average dynamic maintenance performance is around 95% which also
reflects the level of dynamic software availability.

e Recurrent faults level is 0.5% and dynamically improves (goes down) due
to learning and training gained by the staff.

e Staff spends minimum 0.875 and maximum 1.5 of official working hours (8
hours) per day when undertaking maintenance tasks.

e The relationship forms between the delivery and request ratio and both
organisational rewards and staff expectation of reward are scaled S-type

graph.
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Communication level with other experienced staff is set to 0.95 and with
users is set to 0.93 and is constant over time, which means the
communication goes relatively smoothly.

Initial competence levels of competent staff and less competent staff are
set to 3.7065 and 1.5885 tasks / person / quarter respectively.

Decay factor that reduces the average competence level of the staff is
approximated using Moore’s Law of computer processor capability which
doubles every about two years, or 0.0625 per quarter.

Training is conducted once in a quarter for all staff, which can improve
staff competence level by 25%.

In determining the level of training needed, the management is assumed
to give weight to average competence level, fraction of competent staff
and recurrent faults factors as 75%, 20%, and 5% respectively.

Initial values of the less competent staff and competent staff are eight and
Six persons respectively.

Base improvement adjustment time from less competent to competent
staff is 26 quarters and can be faster due to learning and training.

Staff recruitment process is only for less competent staff, occurs once a
year and is limited to one person.

Current total staff responsible for SM is 16 and is considered sufficient.
Staff spends time in organisation for 30 years.

Average staff assigned to carry out other maintenance tasks and tasks
from VIPs are set to 30% and 7.5%, respectively and are constant.
Maximum absence level is 20% and decreasing based on the difference
between organisational rewards and staff expectation of rewards.

The simulation is run for 20 quarters or 5 years.

7.3.2 A simulation run

After running a simulation on the base scenario, various selected outputs

have been obtained and will be analysed and discussed in this section. The

discussion aims to show how one factor dynamically relates to other factors in

influencing eGSMA’s success. This is, therefore, to indicate the importance of not

only the success factors but also the relationships between them. In addition, the

discussion also tries to identify possible high leverage factors for e-government

success in the eGSMA.
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Figure 7.1 Dynamic relationship between performance rewards difference
and effort of eGSMA staff

Performance — rewards — efforts. The dynamic influence of the SM
performance on rewards and then on effort can be observed in Figure 7.1.
Except during the early period of simulation, the levels of rewards provided are
mostly higher than the expected ones, and this causes the difference between
the cumulative level of these two factors to be always positive and increasing
most of the time (line 4). This positive difference means the IS staff are willing to
increase their exerted effort. However, the increase in exerted effort does not
occur at the same time as the increase in the positive difference of rewards. This
is possibly because the “orientation” of the staff on rewards is towards long-term
rewards. They try to make sure that the rewards will be consistently provided.
Once they realise that the provided rewards are consistently higher than their
expectation, they increase their effort. As can be seen in line 5, this increase is
up to a certain maximum limit, although the rewards difference is positive and
increasing. Practical time limitation, work exhaustion, burnout and stress (Kim &
Wright 2007; Mak & Sockel 2001; Rehman et al. 2011) mean the effort level
cannot go beyond a particular maximum level. During early periods the rewards
difference is negative, causing the IS staff to exert their effort at the lowest level.
This dynamic level of effort emphasises the existence and importance of the
relationships between SM performance, rewards and effort (Prasad & Suar
2010). In particular it underlines the critical role of rewards factors as shown by

many of previous studies, for example (Hall et al. 2008; Rehman et al. 2011).
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Further, this simulation output shows innovatively the change of effort levels as
the difference between the provided and expected rewards changes over time.
Also, possibly specific to the eGSMA, the IS staff never reduce the effort level
from 0.875 (their minimum effort level) of the official working hours.
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Figure 7.2 Dynamic relationship between SM performance and effort of
eGSMA staff

Performance — effort. Dynamic relationships between SM performance and IS
staff effort with respect to the IS staff base productivity in the eGSMA are
depicted in Figure 7.2. Following the expectancy theory, the level of staff effort is
determined by the difference between current level of SM performance (line 1)
and normal or base productivity (line 2). The level of dynamic difference of these
factors and the impacts of this difference are presented by lines 3 and 4 in
Figure 7.2.

This figure shows that the difference between SM performance and base
productivity (when the staff exert their base effort, that is 0.875 of official working
hours, using their current level of competence) changes gradually from a
negative to a positive level. The negative difference in early quarters causes the
staff to exert more effort than the official working hours in this period. However,
this effort tends to decrease to the lowest level, 0.875 of the official working
hours, as they observe that the difference is positive. This is in line with the claim
of the expectancy theory but with, innovatively, more descriptions in regard to the

dynamic difference and impact. In contrast to the expectancy theory which does
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not specify a limit, the effort reduction by IS staff of the eGSMA will not exceed
their minimum effort level. Practically, as claimed by the eGSMA staff, the staff
will finish their maintenance tasks as soon as possible and do not delay the
delivery of a completed SM task to meet the scheduled delivery time.

ﬂ 1: Impact of RP difference on effort 2: Impact of performance on effort 3: Effort variation

1
2:
3:

N\

wWNE

| :

Page 1 Quarters 9:45 AM  Tue, 6 Sep 2011

a=s ?

1.00 4.80 8.60 12.40 16.20 20.00

Figure 7.3 Dynamic relationships between the rewards, performance and
effort level of eGSMA staff

Staff dynamic effort. The average of these two dynamic differences
(performance — rewards — effort) and (performance — effort) is described by line 3
in Figure 7.3. This line represents the dynamic levels of effort that IS staff are
willing to exert to undertake SM tasks as a result of the influences of the level of
performance and rewards. The minimum effort occurs between quarters 4 and 5,
the period when the staff observe that their performance is higher than that of
normal effort and the received rewards are lower than their expected ones. Both
factors cause IS staff to reduce their effort. It can be concluded from that figure
that, in general, eGSMA staff tend or are willing to exert their effort more than the
official working hours when they have to carry out a maintenance task. This fact
arguably influences the capability of the eGSMA to maintain relatively high levels

of its software availability over time.

In short, the IS staff of the eGSMA are highly motivated in carrying out their
maintenance tasks. This high motivation level is caused by at least two things, as
indicated by the case study data and the model: organisational (that is, the

effective influence of provided rewards) and personal (that is, the IS staff like
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their jobs and are proud if “their” software can be used to deliver services and
benefit other parties).
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Figure 7.4 Dynamic of competence level and its influencing factors of the
eGSMA

Dynamic competence level. The average staff competence level dynamic,
which affects the staff productivity level, is continuously decreasing at a relatively
fast pace, as shown by line 1 in Figure 7.4. The rapid IT advancement (line 2)
causes the staff competence to become obsolete, which is indicated by a
monotonic decrease. As can be seen, the learning and training factor (line 3) and
the fraction of competent staff (line 4) which are expected to balance the effect of

obsolescence tend to be constant or only slightly increase.

This shows that the decrease in the average IS staff competence level can be
attributed mostly to the rapid advancement of IT (Joseph & Ang 2010; Lee &
Mirchandani 2009; Tsai, Compeau & Haggerty 2007), which cannot be controlled
by e-government decision-makers or managers. The e-government managers,
however, can control how to cope with this natural degradation of competence. In
this instance, the eGSMA has been on the right track in acknowledging the
significance of skills training for its IS staff. It can be argued that if the eGSMA
does not provide training to its IS staff, the average competence level decrease is

very likely to be faster.
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The relatively fast decrease in the competence level of the eGSMA staff
resulting from the model can also be explained by the fact that in this model all
newly recruited staff are categorised as less competent staff. Therefore, the
ability of the eGSMA to recruit competent staff directly could see the decrease in
the average staff competence level reduce. In addition, the association of
competence obsolescence with computer processor power advancement in the
model might also overstate the actual competence level decrease. Research
conducted by Allen and Velden (2002) in the Netherlands found that tertiary
education skills in a number of different occupations reduce to half in between 10

to 15 years, while in the model the “half-life” of the staff competence level is two

years.
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Figure 7.5 Dynamic relationships between productivity, competence, effort
and environmental factors levels of the eGSMA

Dynamic productivity level. The average level of IS staff effort dynamically
influences staff productivity. As shown in Figure 7.5, the dynamic level of staff
productivity (line 1) in general exhibits a decreasing pattern although the
decrease is not monotonic. Observing the behaviour over time depicted in Figure
7.5, the dynamic influence of the staff effort (line 3) and competence level (line 4)
on the staff productivity is easily visible. A relatively easy communication with
other staff to get support and with users to clarify requirements, as stated by the
eGSMA staff, mean that the environmental factors do not significantly reduce
staff productivity. As the effort level is influenced by rewards and performance,

the change in the way the productivity level decreases is indirectly affected by the
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level of rewards and SM performance. It might be also be concluded that the staff
effort level has been able to prevent the productivity level from steeper descent

as a result of IT advancement.
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Figure 7.6 Dynamic staff availability level for SM and its influencing factors of
the eGSMA

Dynamic staff availability level. The dynamic level of total IS staff of the
eGSMA available to carry out maintenance task is described by line 1 in Figure
7.6 and is affected by some reducing factors. First, this level is constantly
reduced by the level of the staff doing tasks from VIPs (line 3) and other duties
(line 4). This reduction causes the level to be much less than the total IS staff.
Second, as formulated, this level is also influenced by IS staff absence
percentage levels over time, which in turn are affected by rewards. The dynamic
impact of the difference between provided and expected rewards on the staff
absence percentage level is described by line 5. During the early period, as the
rewards difference is negative the absence level increases, reducing the total
available staff which occurs around the third quarter. As the absence level
decreases due to organisational rewards higher than the expected ones, the total
staff available level again increases. The total IS staff (line 2) which is affected by
the recruitment and exit rate, tends to level off after around the ninth quarter,
which causes the total staff available level to level off also. It is interesting to note
that in the eGSMA, the total IS staff and the total IS staff available for

maintenance tasks do not fluctuate over time. This can be well understood
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because the affecting factors also do not fluctuate. For example, the IS staff
turnover level is almost zero as the eGSMA staff spend on average 30 years in
the unit, and the recruitment level of new staff is limited to one per year because
the senior manager of eGSMA has considered that the IS staff number is
sufficient. In addition, the maximum absence level of the eGSMA staff is relatively
low, and other duties and tasks from VIPs can be reasonably managed at a

constant level.

Compared with other organisations which are highly affected by significant
turnover problems, this stable composition of highly motivated IS staff has been
giving benefit to the eGSMA in ensuring its e-government success. This is
consistent with Schwester (2009) and Ray (2010) in that sustaining stable full-
time IT staff can significantly predict the level of e-government adoption or
success. The way this factor benefits the eGSMA could be that knowledge can
be retained within the eGSMA as a result of almost zero staff turnover (Martins &
Martins 2011), enabling it to have a higher probability of achieving e-government
success; with a small number of newly recruited IS staff, the eGSMA focus is not
distracted away by new staff improvement in various aspects; better IS staff
teamwork with better performance can be established because the IS staff can
maintain good communication levels and knowledge-sharing through mutual trust
(Sudhakar, Farooq & Patnaik 2011).
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Figure 7.7 Dynamic relationships between staff productivity, staff availability
and total delivery of the eGSMA
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Dynamic of staff productivity, availability and SM delivery. IS staff productivity
variation and the total actual number of IS staff available to undertake SM tasks
dynamically influence the total delivery of SM. Behaviours over time of these
factors are depicted by line 1, 2 and 4 in Figure 7.7.

By observing this figure, one might conclude that although the productivity
variation level tends to decrease over time and the staff availability level
increases only slightly, the delivery level is able to closely follow the pattern and
level of cumulative total requests. It can be interpreted that the MRs that turns to
maintenance tasks can be completed and delivered, although understandably

there is a time lag between the request and delivery time.

In sum, the simulation of the model has suggested that the ability of the
eGSMA to sustain the necessary level of total staff available for SM, to avoid
steeper decreases in staff productivity and to preserve a low level of recurrent
faults arguably influences the dynamic of the current level of completed
maintenance delivery. This in turn determines the dynamic of the high level of
software availability or SM performance. As was argued in a previous chapter,
Chapter 5, this level of software availability is used as the operationalisation of
the eGSMA’s success. The model and its simulation run have shown how
dynamic relationships of endogenous factors determine eGSMA success. This
focus on endogenous factors does not necessarily imply a disregard of the
important role of the dynamic nature of MRs, which among other things reflects
the quality of software resulting from a software development project, as well as

other exogenous factors for eGSMA success.

This model arguably also indicates that other e-government systems which
have similar characteristics with the eGSMA but with “lower” parameter values, or
“worse” success factors relationships structure might lead to an e-government
system failure. This perspective is explored and simulated through some possible

scenarios (Table 7.1) in the following section.

7.4 Recurrent fault increase scenario

This scenario is introduced to underline the importance of impact analysis for
a successful SM delivery, as described in sections 3.3.4 and 3.3.7. Because

successful SM deliveries are needed to ensure the highest level of e-government
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software availability over time, this scenario also emphasises the necessity of
impact analysis for e-government success. An impact analysis is an activity
conducted during the maintenance process in order to minimise ripple effects or
recurrent faults associated with delivered SM. It is needed to ensure that
dependency among software components has been properly addressed and
avoids, for example, dangling software elements (de Boer et al. 2005).
Therefore, a deficient impact analysis means a higher level of probability that
other software components related to those being corrected or enhanced are not
properly evaluated and tested. This can trigger other faults and cause a higher
level of recurrent faults in the future. As stated in section 3.3.4, the percentage of

recurrent faults also measures the quality of SM delivered.

For this scenario, the base value of the Recurrent_fault_percentage is altered
into two different levels, which are higher than the base value, that is 10 and 20
times higher. This percentage is chosen because it determines the recurrent
faults rate. These settings cause the starting value of the Recurrent fault_
percentage to become 0.05 and 0.1 respectively when the
Learning_and_training_factor is 1. This scenario is performed by multiplying
Recurrent_fault_percentage with a converter named Multiplier with 1 as its initial
value (see Figure 7.8). The following equations are used to adjust the faults rate
for CM and EM:

CM_fault_rate=CM_delivered*Recurrent_faults_percentage*Multiplier

EM_fault_rate=EM_delivered*Recurrent_faults_percentage*Multiplier
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Figure 7.8 A partial view of the modified model which alters the percentage
values of recurrent faults
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Figure 7.9 The software availability level under three different values of the
recurrent fault percentage

Running the simulations of this scenario results in Figure 7.9. which shows
the dynamic impacts of low levels of SM quality towards software availability
levels. The delivery and request ratio indicates a continuous decreasing pattern.
Figure 7.9 indicates the dynamic behaviour of the software availability level under
three different settings: 1 — base value, 2 — base value * 10.5, and 3 — base value

* 20. As predicted, the ratio or software availability level is lower when the
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recurrent faults level is higher. Thus, a low level of maintenance quality which
persists over a long time period can cause the failure of e-government failure due

to decreasing software availability levels.

Referring to the CLD presented in Figure 6.3, a reinforcing feedback loop
relationship can be traced between recurrent faults and MRs. This reinforcing
feedback loop relationship can be observed in Figure 7.10 as well as in Figure
7.9. Itis indicated by the increasing distances between the base level (line 1) and
other adjusted levels (lines 2 and 3) of the MRs and the recurrent faults

percentage over time.
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Figure 7.10 The maintenance request levels under three different values of
recurrent faults percentage

Thus, this simulation run has shown the importance of undertaking impact
analysis during SM. A lack of impact analysis causes an increase in the recurrent
faults which in turn brings about an increase in MRs. This rise of MRs means a
higher SM workload which makes the impact analysis more difficult within the
current available resources. This in turn inclines recurrent faults gradually

towards higher levels.

From the software availability level perspective, the necessary role of SM
impact analysis on e-government success can be intuitively comprehended. For
most of the SM being undertaken, the levels of software availability will be
reduced in two ways: unavailability of service components required (Gaj &

Germani 2008) and unavailability of the software during maintenance (Buckley et
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al. 2005). Additionally, one deficient maintenance, either for correction or
enhancement, can cause more than one future fault. In turn this causes MRs to
increase, meaning that the number of services unavailable for users also

increases, lowering further the level of software availability.

In sum, this scenario underlines what has been suggested by previous SM
and e-government research with regard to the importance of impact analysis and
the negative impact of the quick-fix approach. It also suggests the importance of
documentation for SM as it is required for undertaking impact analysis. Also, if
the SM management is far from a maturity level, as might be found in many
developing countries, it might be better to assign internal software developers an
SM job, as in the case of eGSMA, to ease impact analysis because of their
familiarity with the software. For the same purpose and argument, it might be
better to develop small-scale software but operative as intended, and then

incrementally improved, as is also the case with eGSMA.

7.5 Low-level quality of developed software scenario

This scenario simulation is intended to show the significant role of the quality
of software resulting from a software development project (van Vliet 2008, Ch. 6),
which is an exogenous factor in the validated model. The quality of software is
denoted by the dynamic level of MRs. A higher level of and relatively constant
dynamic MRs than the base one could mean lower-quality software, assuming
the pressure from environment for software enhancement is relatively low and
constant over time. This low-quality software can be attributed to a high level of
software faults over time because of careless development and a high level of
enhancement requests over time due to many unsatisfied user requirements
during development. By inferring from the relationship between software
complexity and faults presented in section 3.3.4, a high level of MRs over time
can also be interpreted as that the software size or complexity is very high.
Usually, this is the case when the software development uses a “big-bang”

approach.

This scenario is implemented by altering the base value of the Task_multiplier
into two different levels, higher than the base value and changing the
Impact_of time_on_NMR level such that its dynamic value decreases only

slightly over time. This setting causes the level of MRs to be higher than its base
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level and only slightly decreasing. The Tasks_multiplier is set to three and five
times higher, and the Impact_of time_on_NMR is set as described by Figure
7.11. Figure 7.12 describes the dynamic level of MRs when the Tasks_multiplier
is equal to: 1 — base value (line 1), 3 — three times higher than the base value
(line 2), and 5 — five times higher than the base value (line 3).
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Figure 7.11 The adjusted level of the impact of time on new MRs
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Figure 7.12 Three different levels of MRs indicating three different software
quality levels
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The delivery and request ratio levels over time as a result of the simulation of
each of these settings are presented in Figure 7.13. This figure indicates that a
high level of software MRs (line 3 of Figure 7.12) causes a low level of delivery
and request ratio (line 3 of Figure 7.13).
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Figure 7.13 The three software availability levels resulting from three different
software quality levels

This simulation indicates that within the context of the current system,
software with low quality transferred to the operational and maintenance stage
might cause difficulties for IS staff to maintain. This could be because the current
level of available resources is insufficient and unable to cope with the dynamic
level of MRs. Therefore, this simulation suggests explicitly the important role of
the software development quality — small number of errors and satisfying user
requirements, among other measures, which is indicated by a relatively

monotonic decreasing pattern of MRs — towards software availability over time.

This simulation also suggests that building large and complicated e-
government software in one project is undesirable (Goldfinch 2007), because a
large size and complex software is more likely to create more error (Ostrand,
Weyuker & Bell 2005), while on the other hand the available SM resources
cannot cope with the degree of MRs. This also indicates that the eGSMA’s
approach of starting by building small-scale systems and in incremental manner
is more appropriate with respect to the resources available for SM, which was

also recommended for developing countries by Heeks (2005b) and Ray (2010).
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7.6 Level of rewards and information systems staff

turnover dependency scenario

This scenario assumes that the value of provided organisational rewards is
less than the staff expectation of rewards. As distinct from the eGSMA that has
never experienced IS staff turnover since its establishment about 20 years ago,
in this scenario the rewards in various forms, intrinsic and/or extrinsic, influence
IS staff turnover, as observed in much previous research (Kim 2005; Moore
2000). Some examples are an e-government project in Cambodia and
telecentres in India, as presented in section 2.5.2, which cannot retain their
competent IS staff for a long time because the IS staff have perceived the
rewards received are less than their expectation. In these examples, the
competent IS staff needed by the systems left those systems early, and the
systems were unable to replace and retain them. These e-government systems

were finally ceased.

For this scenario, the relationship between delivery and request ratio and
organisational rewards is set up as in Figure 7.14. This graphical relationship
accommodates the assumption that the rewards are much lower than the staff
expectation, as set up in the base scenario. This perception influences IS staff
turnover, in the sense that they leave current jobs in much less than the normal
employment time. The relationship between the difference of provided and
expected rewards and IS staff turnover is described in Figure 7.15. It is also
assumed that the staff from both categories tend to exit with the same probability
level. In addition, to implement this scenario, an outflow from
Less_competence_staff stock is introduced; and the reward performance
difference is now linked to the IS staff turnover of both categories as shown in

Figure 7.16. New equations and graphical relationships:
Less_CS_exit_rate= Less_competence_staff* Exit_adjusment_time

CS_exit_rate= Competence_staff* Exit_adjusment_time
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Figure 7.17 Dynamic level of software availability and other key factors
resulting from scenario 3

The simulation based on this scenario suggests that although the level of
MRs keeps decreasing (linel of Figure 7.17), e-government success may not be
achievable. Figure 7.17 shows that the software availability level (line 5) is
continuously decreasing over time after around the 5th quarter, in addition to its
inability to achieve a high level during the early period. However, it should also be
noted that this level does not suddenly drop, which can be interpreted to mean
that current functionalities of the e-government software can be utilised to deliver
services, but as software errors emerge and enhancement requests keep
coming, the level of software availability decreases. The decrease is not only
because of the decreasing availability level of the IS staff (line 4) but also the

decreasing level of existing IS staff productivity level (line 2). By tracing to the

288



chain of relationships in the model, the decline of productivity level is caused by
the decrease in the average staff competence level and staff effort. However, as
the base effort is assumed to be equal to that of the eGSMA, the rest of the staff
maintain the effort level at 0.875 of the official working hours (line 4 of Figure
7.18).
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Figure 7.18 A dynamic relationship of the rewards performance difference,
staff absence level and effort

Further, the decreasing level of staff availability can be checked from
persistent and significant negative difference between the level of reward and
expected reward variation (lines 2 and 1 of Figure 7.18), which according to this
scenario causes a high level of staff turnover. This negative difference also
affects staff absence level, although, as in the base scenario, the absence never

goes beyond a particular level.

Accordingly, as might be expected, the dynamic relationships of this scenario
suggest that, if the received reward is perceived consistently much less than the
expected one and the staff prefer to pursue other jobs that offer more rewards,
then eventually e-government success is less likely (Coombs 2009). However,
the gradual decrease in the software availability might indicate that the staff
turnover might be less problematic for SM in contrast to that in software
development projects (Hall et al. 2008), as long as e-government managers are

able to keep other factors as in the eGSMA model. The software availability level
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that does not decrease sharply also provides an opportunity for managers to

reverse the level’s direction in the long term.

7.7 Rewards, absence level and work morale dependency

scenario

As distinct from the eGSMA, this scenario assumes that the provided
organisational reward is less than the staff expectation of rewards; and this
negative difference affects staff effort, absence levels and morale as observed in
much previous research into public service in developing countries. This case
might occur when the organisation or e-government managers only provide
rewards according to the stipulated regulation, which is relatively lower than for
external organisations based on comparison of similar jobs requiring similar
expertise. In addition, the IS staff consider themselves as having invaluable
competence with respect to the organisation and accordingly they consider the
received rewards are much less than their expectation as indicated in the
literature review presented in section 3.4.7, while at the same time they do not
want to leave their current jobs as public servants, such as in the case of public
service doctors in Indonesia (Chernichovsky & Bayulken 1995). They may
consider working as a public servant to be a very secure job (Houston 2000,
2011) because they are guaranteed a lifetime career (Johnson 1999) which is
also supported by the eGSMA staff, especially in volatile economic conditions As
a consequence, they “moonlight” to earn additional income from outside jobs
which means an increase in absence levels (Chernichovsky & Bayulken 1995).
At the same time, the morale level of staff becomes low in the sense that when
they are working in the office, a significant portion of official working hours may
be used to perform their outside jobs; therefore the SM quality is sacrificed. As
shown in scenario 1, a lack of completed SM quality means a high level of
recurrent faults because the IS staff do not perform impact analysis properly. This
situation is in sharp contrast with that in eGSMA, where staff morale in

undertaking their jobs is high.

This scenario is distinct from the associated success factors and
relationships of the eGSMA in which overall provided rewards are higher than
staff expectation; IS staff never reduce their effort to less than 0.875 of the official

working hours although some of them do have outside jobs; and the IS staff like
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the job in such a way that they take pride in the fact that the eGSMA systems
users can be satisfied.

To accommodate the scenario, the relationship of the delivery and request
ratio and the organisational rewards is as described in scenario 3, Figure 7.14.
The relationships between this difference and effort and between the
performance and effort are accommodated by the S-type graphical relationships
of Impact_of RP_difference_on_effort and Impact_of performance_on_effort
with 0.4 as the lowest limit. These are represented by Figure 7.19 and Figure
7.20 respectively, describing that if the differences become more negative then
the staff effort becomes lower. The impact of the difference in the provided and
expected rewards on absence level is now multiplied twice as high as the base
level; therefore, this affects the staff availability level via the following adjusted

eqguation:

Average_availability per_staff =
MAX (0, 1-(Impact_of RP_difference_on_absence_IvI*2 + Other_duty level
+ Tasks_from_VIP)).

In addition, the influence of the rewards difference to the maintenance quality is
represented by a graphical relationship, Figure 7.21, and structural relationships

as follows:

CM_fault_rate = CM_delivered*(Recurrent_fault_percentage +
Impact_of RP_difference_on_recurrent_faults),

EM_fault_rate = EM_Delivered * (Recurrent_fault_percentage +

Impact_of RP_difference_on_recurrent_faults).

This graphical relationship and the above equations describe that as the
difference between provided and expected rewards becomes more negative, the
fault rate becomes higher. The subset of the model describing modified structural

relationships is depicted by Figure 7.22.
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Figure 7.19 An adjusted relationship between rewards-performance
difference and effort
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Figure 7.21 A relationship between rewards-performance difference and
recurrent faults
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Figure 7.22 A partial view of the model after a structural relationship between
rewards-performance difference and recurrent faults is added

The simulation of this scenario results in the level of software availability over
time (line 5 of Figure 7.23), which only reaches a low “peak” at around the 5th

quarter and then continuously decreases. This kind of dynamic behaviour can be
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traced from the dynamic of staff availability levels for SM (line 4) and staff
productivity variation levels (line 2). It can be observed that both levels
continuously decline; while on the other hand, the average of MRs (line 1) only

very slightly goes down.
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Figure 7.23 Dynamic behaviour of the software availability level and other
key factors resulting from scenario 4

Further, through the relationships between the eGSFs in the model, it can be
seen from Figure 7.24 that the decline of staff availability levels is affected by the
increase of the proportions of absenteeism (line 3), which in turn are influenced
by the negative difference of provided and expected rewards (line 1). This
continuously more negative difference also affects the recurrent faults similar to
the absenteeism level. Line 2, which describes dynamic behaviour of recurrent
faults, indicates that as the difference is wider, the recurrent faults increase over
time. This in turn causes the average of MRs to go down only slightly, which
means the maintenance workloads never decline as in the base scenario. To
make the case worse, also as a result of the widening difference, the average of
staff effort also decreases although it levels off after around the 6th quarter (line
4). These relatively low effort levels over time along with decreasing staff
competence levels (line 3 of Figure 7.23), also bring about a decrease in staff

productivity.
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Figure 7.24 Dynamic relationships between rewards-performance difference
and recurrent faults, absence level, and effort

Thus, if this scenario is experienced by an e-government system it is very
likely that the ability of the system to deliver services will be in jeopardy; hence it
will eventually be very difficult for the system to achieve success. This is so
because of the low and declining level of the e-government software availability.
Comparison between this scenario and those experienced by eGSMA
reemphasises the importance of a policy in organisational rewards that can
motivate IS staff to exert their effort as shown by much of the previous research,
as discussed in section 3.4.3. In addition, this scenario simulation underlines the
significant role of the staff who are keen on their jobs, which can prevent them
from belittling their SM tasks, therefore avoiding unnecessary recurrent faults. In
the case of eGSMA, the staff like their SM jobs and even continue to think about
a task when at home, and are proud if their software can give benefit to other
parties, which is in line with Coombs’ (2009) findings. In addition, moonlighting,
which is quite common for public servants who have specific skills in developing
countries (Hyder & Ahmed 2011), was acknowledged by the eGSMA staff.
However, as they stated, they moonlight after official working hours and even use
it as a way of maintaining their skills level. Therefore, referring to the eGSMA
case, moonlighting for IS maintenance staff might be allowable as long as the
success factors as in the eGSMA case can be kept in place without sacrificing

their SM tasks.
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7.8 Lack of competence level and training scenario

This scenario deals with the inability of a e-government organisation to recruit
high-calibre 1S staff because of the low wages offered, bad perceptions of
maintenance jobs and failure to implement training programs adequately to
improve staff competence levels. One of the reasons for this inability is a lack of
funding. Funding, in general, has been considered one of the most significant
factors in determining e-government success (AIShihi 2006; Schwester 2009)
and, specifically, e-government sustainability (Best & Kumar 2008; Best, Thakur
& Kolko 2009). Lack of funding is mostly experienced by developing countries. In
many cases, the e-government units in developing countries are unable to
compete with private sectors that offer more financial rewards to competent IS
personnel (Sang, Lee & Lee 2009); therefore only IS personnel with relatively low
competence can be recruited by e-government system units. Inability to recruit
highly competent IS staff might also occur because of the SM job characteristic,
which is generally perceived by IS personnel as much less “glamorous” than the
software development jobs, as mentioned in Chapter 3, section 3.3.8. In addition,
necessary training for IS staff, which could be expected to increase IS staff
competence significantly, cannot be provided by an e-government system unit

because of lack in funding.

To accommodate this scenario, the initial values of the
Competence_level of CS and Competence_level of LCS are set to half of the
base value. Also, the Training_improvement adjustment_time is set to 4,
meaning that the training is only conducted once a year, and the
Average_improvement_per_training is set to 0.05, which means one training
session can only improve the IS staff competence level to 0.05 higher than the
current level. This scenario also needs to adjust the Training_factor graphical

relationship. The adjusted relationship is now presented by Figure 7.25.
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Figure 7.25 The adjusted impact of training on the competence level

® 1. Maintenance request 2: Productivity variation 3: Average c...petence level 4: total staff available

1 5! P 4 4
2: 2 A

3: 4 -

4: 9

,/ﬁ4 —

|
|
|
|
2
1 |
2: |
3 i
4 |
E
|
|
|
SN
|
AN H
1 N
2: A,)
3 |

2

1
1.00 4.80 8.60 12.40 16.20 20.00

Page 1 Quarters 1:30 PM Sun, 11 Sep 2011

a=/ 7

Figure 7.26 Dynamic behaviour of the software availability level and other
key factors resulting from scenario 5

The simulation run results in Figure 7.26 describes the dynamic behaviour of
the software availability and other key factors. In this figure, staff productivity is
relatively low and decreasing (line 2), following the similar pattern of the staff
average competence level (line 3), while the number of staff available for SM
(line 4) is the same as that of the base scenario. Compared with the dynamic

software availability level of the base scenario, the dynamic level resulting from
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this scenario shows a different pattern of increase (line 5). In general, the level is
much lower than the base one, although it gradually increases. It takes a longer
time to reach its highest level than in the base scenario and, in general, the levels
are much less than those of the base scenario.

The average staff competence level, representing the number of maintenance
tasks that can be completed and delivered per person per quarter, in addition to
its relatively low level, continuously declines due to the inability of training to
increase this initially low level to a higher one, as depicted in Figure 7.27. This is
shown by the widening gap between the training needed (line 2) and the actual
training (line 1) over time. This decreasing level is also caused by IT

advancement.
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Figure 7.27 Dynamic increase of trainings gap and its impact on the
competence level

On reviewing the simulation results, it can be concluded that, to some extent,
the e-government system is still able to preserve the software availability level but
with very limited service delivery. This might occur because of the characteristic
of the adopted dynamic level of MRs by the model, which reflect the maintenance
workload. As can be seen in Figure 7.26, the high level of MRs in early periods
might make the job of the maintainers, who have low competence, is very
difficult; however, as the MRs level is decreasing and the IS staff availability level
is increasing, the software availability level increases. So, if the MRs level is low
as a result of high-quality software produced by a software development project

in a non-volatile environment, which generates fewer organisational and user
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enhancement requests (Conboy & Lang 2011), then high levels of software
availability over time may be achievable, as indicated in scenario 2. This is,
indeed, by assuming that critical MRs can always be managed.

This is in contrast with the case of the eGSMA. The relatively competent staff
available for SM can make the availability reach a much higher level more quickly
than in this scenario. In addition, the training attended by IS staff has been able
to prevent the average competence level from a steeper descent. In some cases,
as stated by the eGSMA IS staff, the training even matched up with the problems
being faced by the staff, and therefore the improvement level resulting from
training could enable them to reach more than 75% of their current competence
level. It must be noted that during early periods of the eGSMA, the competence
level of IS staff with respect to organisational needs was also low. However, as
the eGSMA sent them to formal and intensive training programs relevant to

organisational needs, the improvement of the competence levels was significant.

7.9 Reallocate idle staff scenario

The scenario is to construct a relationship between maintenance requests
and other duty levels to describe the possibility that when the MRs go down, then
other duty levels go up. As revealed from previous research and the eGSMA
case described in previous chapters, the level of MRs of closed-developed
software in general is decreasing over time, leading to a zero level, and the
requests arrive at random frequency per quarter. A reallocation of idle IS staff
scenario might occur when e-government system managers decide to allocate 1S
staff resources to carry out other duties based on the level of SM workload. This
assignment to other duties is meant to take advantage of idle resources because

of the low level of SM workload, which is a quite plausible practice.

Unlike this scenario, within the eGSMA IS staff might be assigned to non-SM
tasks irrespective of the current level of overall maintenance tasks. As described
in Chapter 6, the eGSMA sets up the other-duty level as constant, on average, at
30% of total workload. However, by distinguishing staff into two categories,
functional and structural, the eGSMA can limit the average of the other-duty level
in the sense that the functional staff are given only a small percentage of other

duties.
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To accommodate this scenario, the Other_duty_level is now influenced by the
Maintenance_request stock. The relationship between these two factors is
described by Figures 7.28 and 7.29. Figure 7.29 describes when, in a particular
quarter, the MRs level is zero, then about 90% of staff availability is allocated to
other duties, and if the level is 13 (or one MR per week), then only about 10% of
staff availability is allocated to other duties. It is also assumed that the
relationship pattern between the requests and allocation to other tasks is S-form.

Maintenance request

Reward performance
difference

Impact o
on absence level

er duty level

Average availability
per staff

Total staff available

Tasks from VIP

Figure 7.28 A partial view of the model after a structural relationship between
MRs and Other_duty level is added
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Figure 7.29 A relationship between MRs and Other_duty_level
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Figure 7.30 Dynamic behaviour of the software availability level and other
key factors after MRs and Other_duty_level are linked

After running the simulation, this scenario shows that allocating IS staff to
carry out other jobs when they are idle might not jeopardise software availability
level in the short term. The delivery and request ratio in Figure 7.30 indicates that
the level starts to decline slightly around the 12th quarter (line 3). However, this
decline seems to continue. It suggests that allocating a proportional level of 1S
staff with respect to MRs to perform other tasks could lower software availability
in the long term, although the level of MRs also becomes low over time.
Accordingly, Figure 7.30 also suggests that it might be better to stipulate a
certain minimum level of staff availability for SM, to prevent the ratio from a

continuous decrease, although the SM workload continuously decreases.

The decreasing pattern of MRs over time might also suggest to managers to
consider an arrangement of time and other resources in regard to the release of
a new software version. This is in the sense of how to take advantage of and
allocate idle resources to create and implement better software release planning.
According to the second law of software evolution (Lehman & Ramil 2001), a
planning to regulate the release time of a new version of software is necessary
because any implemented and delivered SM will increase software complexity,
which in turn makes the software more difficult to maintain, resulting in a shorter
software lifetime as shown by previous scenario. From the e-government point of
view, a shorter software lifetime means e-government success cannot last long.

Regulating the release time by taking advantage of idle IS staff could control the
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increase in the software complexity, therefore ensuring a higher possibility of
software sustainability.

7.10 High dependency on external expertise scenario

This scenario simulation concerns the impact of the high dependence of an e-
government system on an external expertise factor which is different from the
eGSMA case. A study reported by Nengomasha, McHombu and Ngulube (2010)
illustrated e-government systems that depend on external consultants from
overseas due to a lack of IT-capable internal human resources. This dependence
has given rise to concern over, among many other aspects, e-government
system maintenance and sustainability. This concern was also indicated by
Heeks (2002) over externally developed e-government systems, that is, about the
sustainability of the system when the key IS staff from an external organisation of
the system exit. This scenario will be implemented in two different settings,
because there are two possible ways for external staff to exit: suddenly or
gradually.

The first setting is a scenario simulation when external staff exit suddenly. In
this situation, the e-government systems may have a sufficient number of IS staff
who maintain the e-government software but, as the internal IS staff are still
lacking in competence, they depend highly on other personnel outside the e-
government unit. These personnel might be the external software developers
who developed all or a subset of the currently operating software and, based on
a contract, they support internal IS staff to maintain the software for a particular
period of time. Once the contract expires, the support to the internal IS staff is
suddenly ceased and the internal IS staff, who are lacking in capability, have to

undertake incoming maintenance tasks in full.

To accommodate this sudden exit scenario, the value of the
Communication_level_with_experienced_user, which  could reflect the
dependency of internal IS staff on external personnel, is now replaced with a
STEP function. It is assumed that the input is 0.05+STEP(0.9,12), which means
the communication level with and support from the developer can be obtained
relatively easily for about 12 quarters; beyond that period, the support is no

longer available.
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After running this scenario simulation, Figure 7.31 indicates that the software
availability level behaves as in the base scenario, except after the 12th quarter it
starts to monotonically decrease (line 5). As the support from the external
personnel comes to an end, the productivity variation drops to zero for the rest of
the time (line 2), causing the maintenance delivery to stop. So, the latest level of
the software availability is maintained for the rest of the time. However, because
the MRs will never be zero, the later incoming MRs cannot be carried out and
delivered, then they slowly accumulate. This eventually causes the software

availability level to go down.
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Figure 7.31 Dynamic behaviour of the software availability level and other
key factors when the support from external experienced personnel
is withdrawn suddenly

As might be expected, the simulation shows that high reliance on external
human resources, while the internal IS staff are not prepared to take over
because of a lack of skills, could jeopardise e-government sustainability in the
long term. However, if the requirement levels for SM from the users or
organisations are not high and the quality of the software is appropriate, the
ceasing of support from external resources does not necessarily mean a sudden
halt in e-government service delivery, but rather a persistent decrease in
software availability level — and hence service delivery level — that will be
experienced by the e-government system. The length of time over which the
system can sustainably deliver service much depends on the criticality of the new

MRs and the frequency of MRs per period of time. As mentioned earlier in
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Chapter 5, the base scenario assumes that all critical MRs are given high priority
and can always be completed.

Thus, it might be wise only to develop and implement an e-government
system, when assisted by external resources, which addresses a relatively stable
system in the sense that it does not persistently change over time and is simple
(Goldfinch 2007). In unstable systems, where rules and regulations as well as
organisational changes are highly dynamic, dependence on external personnel

could be a serious threat to achieving e-government success.

The second setting of the scenario is that it might occur that the external
resources which support SM are withdrawn gradually. This withdrawal causes the
productivity variation to go down because the internal IS staff now take more time
to complete a maintenance task compared to the time when the external
resources were easily reachable. These are described by relationships between
time and communication level shown in Figure 7.32, and between environmental
factor, external resource, and the Productivity adjustment_time as in Figure 7.33.

The patrtial view of the modified model is presented in Figure 7.34.

© Graphical Function IEI

1.000 Communication
[luarters lewel with
erperienced staffs
1.000 0.005
Communicat 2.900 0.020
ion level 4,800 0.035
with E.700 0.0e0
experenced 8.600 0.150
staffs 10.50 0.280
12.40 0.555
14.30 0.a00
16.20 0.905
1810 0.955
0.000 20.00 0.995
. 1.000
(uarters D ata Paints: 1
E dit Output:
[ Ta Equation ] [ Delete Graph ] [ Cancel ] [ (1] 4 ]

Figure 7.32 Dynamic relationship between time and the support from external
personnel
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Figure 7.33 Dynamic relationship between the level of support from external
personnel and productivity adjustment time
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Figure 7.34 A partial view of the model after a structural relationship between
the support from external personnel and productivity adjustment

time is added

The dynamic behaviour of some key factors in the simulation of this scenario

is presented in Figure 7.35.
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Figure 7.35 Dynamic behaviour of the software availability level and other
key factors when the support from external personnel is withdrawn
gradually

As with the previous case where the support from the external resources
stops suddenly, a gradual withdrawal also causes a decrease in the software
availability level, although with a slower rate of decrease (line 5 of Figure 7.35).
This indicates that if the e-government system is able to prevent productivity
variation from a decline by, for example, improving self-reliance on the part of

internal IS staff, the decrease in software availability level could be prevented.

7.11 Summary

This chapter has presented the simulation of the validated model and of the
scenarios implemented in the model. The simulations have shown the usability of
the model and present some interesting results. They show how the dynamic
levels of success factors influencing other success factor levels eventually lead to
the success or failure of an e-government system. They also suggest how to

reverse a declining e-government service delivery level into an increasing one.

The simulation of the model has shown explicitly the dynamic relationships
between the success factors of SM and IS staff-management subsystems in
influencing eGSMA success. The simulation outputs indicate how, from the point
of view of the dynamic relationships between endogenous success factors,
eGSMA success can be maintained. The eGSMA has been able to maintain a

sufficient level of IS staff through retaining a low level of absenteeism which, in
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turn, is influenced by a level of provided rewards higher than the staff
expectation. The almost-zero turnover level also causes stable full-time IS staff to
be maintained. It is also able to maintain other tasks at a sufficiently low level. In
addition, the simulation also shows that the eGSMA can prevent the maintenance
productivity variation from a steeper decline. This is because the eGSMA
management has been able to motivate IS staff to exert the necessary level of
effort by means of providing higher rewards than staff expectation. The

management has also been able to motivate the staff to be keen on their jobs.

The simulation of the scenarios applied to the eGSMA SD model has also
revealed explicitly the roles of a number of success factors and relationships in
influencing e-government success or failure. Through recurrent faults factors, a
scenario simulation has been able to show the importance of impact analysis in
SM; and through the dynamic maintenance requests level, another scenario
simulation shows the significant role of the quality of software product resulting

from a software development project in determining e-government success.

The scenario simulations also reveal that:

e Increasing IS staff turnover, because of a widening difference between
provided and expected rewards over time, makes e-government failure
likely to occur. However, a sufficient degree of opportunity to reverse this
to e-government success is available for e-government decision-makers.

¢ A widening difference between provided and expected rewards over time,
which increases the tendency of IS staff to moonlight and to undermine
the impact analysis of SM, can cause an increase in the probability of e-
government failure.

e A persistent inability to recruit competent staff or to improve less
competent staff makes it difficult for an e-government system to achieve
success.

e A reassignment of idle IS staff with respect to the maintenance workload
level, without a minimum limit to carry out other duties, does not affect e-
government success in the short term but might cause failure in the long
term.

e A ceasing of full support from external expertise in maintenance does not

make an e-government system fail in the short term.
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In the final chapter following, the research contributions and limitations will be
presented along with a discussion of possible future research.
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Chapter 8 Summary and Future Research

8.1 Introduction

This chapter presents the contributions made by and limitations associated
with this research, as well as possible avenues for future research. The research
endeavour described in previous chapters has been able to answer the research
questions and to elicit a number of important findings relevant to the research
aims. The findings are believed to contribute significantly to the body of e-
government knowledge and fruitfully support decision-making processes and
management practices in achieving e-government success, especially in

developing countries.

This chapter will first present the research contributions to the body of
knowledge and practice. Second, a set of identified research limitations is
described. As with any other research, this study also contains inherent
limitations such as adopted assumptions and views, a research approach and
methods, and the way in which a conclusion is drawn. Last, several areas for

possible future research associated with this study are presented.

8.2 Research contributions

The eGSF relationships model developed in this research has been
established and grounded in a number of disciplines: software engineering,
human resources management and SD modelling. This modelling study
contributes to the study of e-government, particularly in developing countries, by
offering an innovative approach and a formal model for exploring the
relationships between the e-government success factors and the critical impacts
of those relationships on the success of e-government. The contributions are

both to the body of knowledge and to the practices of e-government.

8.2.1 Contribution to body of knowledge

This study contributes to the improvement of understanding in studying e-
government success in developing countries, from the perspective of the
relationships between eGSFs. In particular the study provides a theoretical
framework for sustaining e-government success during the operation and

maintenance period of the e-government system life cycle. More particularly, the
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study advances knowledge in this field by developing a formal model of the

dynamic relationships between the eGSFs derived from the SM elements and

processes, and drawn from expectancy theory and other motivation-related

factors in the IS human resources management field.

This research expands the e-government body of knowledge in the following

ways:

While most e-government studies explore e-government success from the
point of view of e-government development or adoption, this study
broadens the existing knowledge of e-government success by exploring
the sustainability of e-government during the operation and maintenance
stages of the e-government system life cycle.

The existing eGSF models focus mostly on linear or one-way directional
influences of the success factors on e-government success, assuming the
success factors are mutually independent. However, this study offers an
innovative extension to this existing knowledge in the form of a success
factors model that reveals explicitly the dynamic relationships between the
success factors in influencing e-government success, and allows non-
linear and feedback relationships. Therefore, this extends the knowledge
that it is not only the success factors that determine e-government
success but also the relationships between them.

This research extends the implementation of the dynamic model of classic
expectancy theory to model the productivity, availability and motivation
factors of IS staff in e-government SM associated with a case in a
developing country. The model also expresses separately and explicitly
the dynamic of rewards provided to the staff and the dynamic of rewards
expected by the staff, based on the overall SM performance.

This study has modelled the dynamic feedback dependency of the
elements and processes of SM in an innovative way, proposing a different
perspective for conceptualising software maintenance and software
maintenance performance.

The introduction of a way of incorporating and signifying dynamic
feedback relationships between IS staff average competence level,
competence obsolescence, training and experience has also improved

insight into their roles in realising successful e-government SM.
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8.2.2 Contribution to practice

The model development was grounded on the perspective of the importance
of e-government SM management during the operation and maintenance stages,
instead of focusing on e-government development management. E-government
decision-makers or managers in developing countries could find that this study
has practical significance, particularly in harnessing e-government resources and
efforts to ensure a sustainable e-government system. The model is able to show
its usefulness for decision-makers and managers by revealing explicitly the
dynamic dependency of the success factors and demonstrating the impacts of
various different policies on e-government success. Specifically, the model
shows the importance of considering other factors that might be affected when a
decision or policy is made on a particular factor. The model explains the chain of
relationships between the success factors, which can affect the final outputs and

outcomes of a decision in the long term that might not be visible in the short term.

Specific contributions of this study to the work of e-government decision-

makers or managers in developing countries could include:

e From the perspective of e-government SM in developing countries, the
model suggests that e-government success is much more likely if the e-
government unit develops relatively small-scale but operative software of
a relatively stable business process for e-government service delivery.
The scale and scope of the software can be improved incrementally. By
adopting this policy, the SM workload can be kept to a relatively low level
appropriate to the limited resources available, and the internal software
developer can be assigned as the software maintainer, which can also
reduce the negative impacts of improper maintenance impact analysis.

e The model has shown that IS staff perception of being highly rewarded is
an influential success factor for e-government success. The case study
showed that the rewards provided can be in various forms: a secure job,
additional income through additional relevant tasks, relevant training, and
the real use of the software developed and maintained by the staff.
Providing rewards that are perceived as having a value higher than IS
staff expectation, via reductions in turnover and absence level as well as
promoting better morale, can eventually sustain e-government system

Success.
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e The model also indicates and suggests the dynamic impacts of policy on
software availability over time: effective training in accordance with
organisation and individual IS staff needs, maintenance-competence
levels of newly recruited staff, staff allocation to other tasks and external

expertise roles.

8.3 Research limitations

As with any other research, this study inherently contains various limitations.
It is necessary to acknowledge and express these limitations explicitly, so that

the use of this study can be put into a proper context.

One of the noticeable limitations of this study is that it concentrates mainly on
the SM and IS staff management domains; it has been acknowledged and
modelled that the success factors encompass a very broad range of factors as
presented by the success factors system decomposition in Chapter 5. The study
also views e-government sustainability from the perspective of software
availability; on the other hand, the hardware and network components of e-
government systems, which can certainly affect e-government sustainability and
capacity to deliver services, are not considered. Moreover, the model
development in this study does not take other success factors from other
subsystems into account. This was intended to avoid an exceedingly complex
undertaking with respect to the resources available and the usefulness of the
results (Sterman 2000, Ch. 3).

This SD model of eGSF relationships has been built on a case study for a
specific purpose. No claim for statistical generalisation resulting from the study
will be proposed, as with any case study (Yin 2003). The formal model developed
in this study has, however, provided a facility for exploring and explaining the
complex relationships between the success factors (Yin 2003), hence improving
the insight of both academia and practitioners in e-government into the way e-
government success can be realised. Suitable parameter values from any
comparable e-government systems can substitute for the current values, and the
ability of the model to explain the dynamic behaviour of interest in this system

extends the usefulness of the model.
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The data collection process of this case study could be another possible
source of limitation, although every effort has been made to ensure case study
data-collection process rules have been fully adhered to. As might be observed in
Chapter 6, much of the data was based on the subjective judgement of and relied
on the respondents’ personal memory. Also, concepts and definitions might be
conceived differently from their intended meanings. These could be threats to the
internal validity. However, as the interviews were conducted with a number of
senior IS staff who have been dealing closely with their own SM tasks for many
years, this threat could be minimised. Additionally, the interviews were also
conducted and guided using structured diagrams to assist interviewees to

stimulate their memories or to understand a concept properly.

The plausible assumptions taken from the judgements of the researcher and
from previous studies were also introduced to the model for parameters and
relationships for which the required data was not available from the case study.
These assumptions could not be perfect substitutes for real-world behaviour.
Therefore, behaviour sensitivity and extreme tests were applied to the model in
order to evaluate and ensure that small changes applied to the adopted

assumptions did not cause erratic and unacceptable behaviour of the model.

8.4 Future research

There are avenues for future research to extend and improve this study,
which could contribute to the knowledge of academia and practitioners in e-

government. Some of these possibilities are outlined below:

¢ Inclusion of other elements of information systems. While this study restricts
the scope of e-government sustainability to the perspective of software
availability over time, the inclusion of computer hardware and network
availability over time would provide more insight into more general service
availability over time, extending knowledge of the relationships between the
success factors of e-government sustainability.

¢ Inclusion of other success factors from other eGSF subsystems. As shown in
the eGSFs system decomposition in Chapter 6, e-government success can
be influenced by a myriad of success factors — many of which are not a
subset of the IT area, such as leadership, funding, staff who operate the e-

government system for service delivery, private companies, etc. Future
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research that includes a specific set of success factors within these areas
could reveal the dynamic roles of these success factors in relation to e-
government success.

Linking the success factors of e-government SM and e-government software
development. Some research has stressed the importance of considering
system maintenance from the early stages of system development. This
opens possible research avenues for studying the dynamic relationships
between the success factors at the development stage and the maintenance
stage in influencing e-government success.

Evaluate the model against comparatively similar e-government systems
(Morecroft 2007: 408; Pornphol & McGrath 2011; Sterman 2000: 881). This
kind of e-government system is a member of a broader family of e-
government systems which, to some extent, display the same characteristics
or relatively the same structure. Evaluative and iterative case study research
could be performed by substituting parameters specific to the new case into
the model. This would recalibrate the model in a new situation. Simulations of
the recalibrated model, which could show the ability of the model to
reproduce the dynamic behaviour of the case, could extend the usefulness of

the model and improve the general understanding embodied in the model.
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Appendices

Appendix A Requests for participation and questionnaires

A.1 Response letter from PUSDATIN of the Ministry of Agriculture of
the Republic of Indonesia and its English translation

This response letter states the availability of PUSDATIN to participate in the
study.

KEMENTERIAN PERTANIAN

PUSAT DATA DAN INFORMASI PERTANIAN

cenapsgr it ffaee SEptan 56 id

Nomor 0SS a0 iy oy e & April 2050
Sifat : Biasa
Perihal : Penelitian Himiak

Bepads Yih

Sdr. Drs. Gunadi, MSc¢
Universitas Gajayana
i

Malang-Jawa Timur

Sehubungan surat Saudara tentang penelitian ilmish vang akan dilaksanakan di Pusat data
dun Informasi Peranian untuk proses belsiar yang Saudars fkutt, pada prinsipnvs kami
menyetujni dan depat menerima Saudara untuk mengadakan penelftian imiah terssbut di
Pusat Data dan Informasi Pertanian serta unit lain vang terkait. Untuk teknis pelaksanasn
dan keterangan lebih lanjui Sauders dapst menghubungi Kepals Subbidang Aplikasi
Multimedia (Sdr. Suhandsie) &i pesawst telepon 021-7822503 amu melahs email
subandriofdentan goid

Demikian kami sampaikan atas perhatisnnys discapkan terima kasih.

Kepala Pesat Data dan Informasi

Pertanian,

S ETNIEAT550517.197901.1.001
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MINISTRY OF AGRICULTURE
CENTRE OF AGRICULTURE DATA AND
INFORMATION

3 Harsono RM Street Phone: 7822638, 7816384

Building D Level IV Fax: 7816385, 7807601, 7822638
Jakarta 12550 Telex: 44332 — 44246 Deptan IA
Homepage: http://www.deptan.go.id E-mail: pusdatin@deptan.go.id
No.: 05/SM-250/K/04/2010 5 April 2010

Category: Ordinary

Subject: Research

Dear

Mr. Drs. Gunadi, M Sc.
Gajayana University"
Malang — East Java

Regarding your request to conduct scientific research at the Centre of Agricultural Data and
Information as part of your study, basically we can give our consent to you to carry out the
research at the Centre and other related units. For technical issues and further information
please contact Head of Multimedia Application Sub Unit (Mr. Subandrio) at 021 — 7822803
or e-mail subandrio@deptan.go.id.

Thank you.

Head of the Centre of Agriculture Data and Information

Signed and stamped

Dr. Ir. Edi Abdurachman, MS.
NIP. 19550517.197901.1.001

! Note that Gajayana University, Malang Indonesia is Gunadi’s office address in Indonesia and used
as mail correspondence address in Indonesia.
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A.2 Information to participants

INFORMATION TO PARTICIPANTS INVOLVED IN
RESEARCH

You are invited to participate

You are invited to participate in a research project entitled A Formal Model of E-
Government Success Factors for Developing Countries.

This project is being conducted by a student researcher Gunadi as part of a PhD study in
Information Systems at Victoria University under the supervision of Associate Professor
Geoffrey Sandy and Professor Michael McGrath from the School of Management and
Information Systems Faculty of Business and Law, Victoria University .

Project explanation

Many e-government implementations in Indonesia and other developing countries have
achieved success including your e-government unit, as is shown by your department’s
achievement in the Indonesian eGovernment Award 2009. We believe that this is because
your e-government unit has demonstrated a high level of achievement in e-government
service provision. However, there is evidence that many e-government implementations in
Indonesia and other developing countries experience failure. Therefore, it is important to
study and model the success factors and their relationships, especially those associated
with information system management of the e-government system, in such a way that
other government units in Indonesia as well as in other developing countries can learn how
to develop, implement and maintain an e-government system successfully.

For this purpose, a model of success factors in e-government systems has been developed
based on a literature review especially associated with information system maintenance.
The model describes success factors and their causal relationships within information
system maintenance management. The elements of the model — that is, the factors,
relationships and parameter values, will be verified and validated based on the data from
your e-government system management, in particular the real world of your information
system maintenance management. To collect the required and relevant real-world data,
interviews will be conducted with you and other relevant staff of your e-government unit.

The resulting model will be a refined and validated one that is useful for key decision-
makers in the provision of e-government services. A computer simulated model will
facilitate a policy design and introduction that leads to e-government success and elicit how
these policies affect other factors through a chain of cause and effect. These will eventually
enable other e-government units in Indonesia and other developing countries alike to
develop successful strategies for successful e-government development, implementation
and maintenance. This will bring economic and social benefits to developing countries like
Indonesia.

What will | be asked to do?

- You will be asked to:
o read the interview questionnaire outline provided by the researcher,
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o answer questions provided by the researcher based on your experience in
managing e-government service provision,

o read the interview transcription and express your consent regarding
confidentiality of some of your answers,

o allow further clarification or additional questions at another time.

- The interview will take approximately 2 hours.

What will | gain from participating?

Potential benefits include:

- expanding your knowledge and understanding of e-government management through
modelling that can help manage e-government systems more effectively,

- improving your understanding about the effect of policies on the achievement of e-
government,

- acknowledging your and your unit’s achievement in e-government development and
implementation.

How will the information | give be used?

- Your information will be used to verify and validate the models that have been
developed based on the findings from the literature review, and the research result may
be publicised in an academic publication.

What are the potential risks of participating in this project?

- There are no foreseeable potential risks with your participation.

How will this project be conducted?

- First, the model is developed from a comprehensive literature review.

- Second, the information from interviews and documentary data from your e-
government unit will be used to verify and refine the model.

- Third, the resulting model will be simulated on a computer to demonstrate its
usefulness for key decision-makers in e-government service provision.

Who is conducting the study?

- Organisation
o School of Management and Information Systems, Faculty of Business and Law,
Victoria University, Australia.
- Principal Investigator
o Associate Professor Geoffrey Sandy
Associate Investigator
o Professor Michael McGrath
- Student Researcher
o Gunadi Gunadi
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Any queries about your participation in this project may be directed to:

The Principal Investigator

Associate Professor Geoffrey A Sandy,

School of Management and Information Systems, Victoria University

PO Box 14428, Melbourne VIC 8001, Australia. Telephone +61 3 99191427
Email: Geoff.Sandy@vu.edu.au

The Associate Investigator

Professor Michael McGrath,

School of Management and Information Systems, Victoria University

PO Box 14428, Melbourne VIC 8001, Australia. Telephone +61 3 9919 4627
Email: Michael.McGrath@vu.edu.au

The Student Researcher

Gunadi Gunadi,

School of Management and Information Systems, Victoria University
PO Box 14428, Melbourne VIC 8001, Australia. Telephone +61 401159140
or

Gunadi

Universitas Gajayana

JI. Mertojoyo Blok L — Dinoyo

Malang, Indonesia, 65144

Telephone +62 341 562411

Email: gunadi.gunadi@live.vu.edu.au

If you have any queries or complaints about the way you have been treated, you may

contact the Secretary, Victoria University Human Research Ethics Committee, Victoria
University, PO Box 14428, Melbourne, VIC, 8001, Australia. Telephone +61 3 9919 4781.
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A.3 Letter of consent form

CONSENT FORM FOR PARTICIPANTS
INVOLVED IN RESEARCH

INFORMATION TO PARTICIPANTS:

We would like to invite you to be a part of a study into a research project entitled A Formal
Model of E-Government Success Factors for Developing Countries.

This research aims at developing a model of e-government success factors and their
relationships useful for developing countries like Indonesia. It is expected that the model will
give invaluable input to e-government unit key stakeholders in Indonesia and other
developing countries who wish to plan, develop, implement and maintain successful e-
government systems.

The usefulness of the model will be tested against field data which is to be collected from a
selected case study. This e-government unit has been selected as the case study, and the field
data will be collected through interview and relevant documentations. The participants are
key information system personnel of this e-government unit who are involved in the
management of information system maintenance.

The interview may take approximately 2 hours and is based on a previously developed
guestionnaire. The interviewer may require opportunities for clarification or time extension
for discussion. All data is used for the research purposes only and its confidentiality is
assured.

CERTIFICATION BY SUBJECT

of

certify that | am at least 18 years old and that | am voluntarily giving my consent to
participate in the study: A Formal Model of E-Government Success Factors for Developing
Countries being conducted at Victoria University.

I certify that the objectives of the study, together with any risks and safeguards associated
with the procedures listed hereunder to be carried out in the research, have been fully
explained to me by:

Gunadi Gunadi

and that I freely consent to participation involving the below-mentioned procedures:

e Prior to interview, interviewer provides a brief overview of the research aims and
objectives as well as the conceptual model.

e Prior to the interview, the interviewer provides a brief explanation about voluntary
nature of and data confidentiality obtained from the interview.

e To conduct the interview, the interviewer uses an open-ended, semi-structured
questionnaire.

e The interview is conducted in Indonesian language.
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e The interviewer may require further clarification or additional information after the
interview is complete.

e The interview will be audio-taped.
O Please tick the box provided to signify your consent to audio-taping.

e Atthe end of the interview, the interviewee will be asked to indicate which of his/her
answers are confidential.

e The interview results will be transcribed then translated to English later at the
researcher’s venue and time.

e The interview transcript will be provided to the interviewee concerned if required.

I certify that | have had the opportunity to have any questions answered and that | understand
that | can withdraw from this study at any time and that this withdrawal will not jeopardise
me in any way.

I have been informed that the information | provide will be kept confidential.

Signed:

Date:

Any queries about your participation in this project may be directed to the Principal
Investigator

Associate Professor Geoffrey A. Sandy, School of Management and Information systems,
Victoria University of Technology, PO Box 14428, Melbourne, VIC 8001, Australia.
Telephone 61 3 99191427 email Geoff.Sandy@vu.edu.au

If you have any queries or complaints about the way you have been treated, you may contact

the Ethics & Biosafety Coordinator, Victoria University Human Research Ethics Committee,
Victoria University, PO Box 14428, Melbourne, VIC, 8001 Telephone 61 3 99194148.
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A.4 Questionnaire for the senior manager

Participant: Top manager of the e-government unit
Prior to the interview, a brief overview and the objectives of the study will be explained.

1. Could you give general information about the e-government unit that you lead?
a. Name
b. Organisational structure
c. Main tasks and responsibilities.

2. When did the unit win the eGovernment Award or at least rank within the top
three?

3. What kind of IT infrastructure is managed by the unit?

a. Software
b. Hardware
c. Computer network
d. Database management systems.
4. What kind of information systems services are provided by the unit?
a. Tointernal users
b. To external users.
5. How are the information systems services are managed, especially operation
and maintenance activities?
a. Internal or outsource
b. Coordination with other units
c. Standard operating procedures
d. Tasks priority policy
e. Assigned to individual or team of staff.

6. Could you describe the information systems personnel of this unit?

a. Total number available and required for the IS operation and
maintenance

Main tasks and other organisational tasks

Classification: skill, experience

Supervision arrangement

Education level

Personnel development policy

Recruitment policy

Transfer to and from other units

i. Retirement and quit rate.

7. What is the reward policy for the information systems personnel?

One-off bonus and salary

Promotion

Professional development

Base reward

Performance based reward

Effect of the reward on IS personnel effort and productivity.

8. Overall, can you describe the performance of the unit to overcome reported IS
problems and to improve current IS requested by users and the organisation
from time to time?

9. Could I have documentary data in relation to the above questions?

e

~Poo0Tw
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A.5 Questionnaire for the operational managers

Participant: Operational managers of the e-government unit

Prior to the interview:

A brief overview and the objective of the study will be provided,

A brief overview about information systems maintenance and its technical terminologies
will be explained, and

The interviewee is requested to introduce him/herself: name, position, the beginning year,
and the main responsibility.

Topic: Information Technology Infrastructure Maintenance

1.

© x

What kind of software is managed by the unit?

a. Operating systems

b. Networking systems

c. Application systems (web-based and non-web-based)

d. Database management systems.
What is the current complexity level of each of these softwares?

e Source line of code.
How is the software maintained?

a. Standard operating procedures for maintenance request

b. Maintenance stages

c. Assigned to individual or team of staff

d. Assigned to those who developed or maintenance staff.
Can you describe the type and frequency of user requests for each of
application software?

a. Type: corrective and enhancive

b. Frequency: request per month

c. Pattern of requests from time to time.
Are there any indicated relationships between the complexity level and
maintenance request type or frequency? If any, what are the relationships?
Are there any indicated relationships between the complexity level and the
maintenance difficulty? If any, what are the relationships?
What is the percentage of corrective and enhancive maintenance classification
over time?
Is corrective maintenance given higher priority than enhancive maintenance?
What is the percentage of maintenance requests that are not responded to, not
solved or cancelled?

10. What percentage of requests is repeated by users after they are completed?

11. What are the activities conducted for corrective maintenance?

12. How long does it take to complete each of those activities?

13. How long does it take to complete corrective maintenance tasks on average?
14. What are the activities conducted for enhancive maintenance?

15. How long does it take to complete each of those activities?

16. How long does it take to complete enhancive maintenance tasks on average?
17. What is your estimation of the percentage of new maintenance requests that

are actually caused by previous maintenance?

18.In any completed maintenance, on average how many lines are deleted,

modified or added?

19. Overall, how is the maintenance performance over time if we compare between

maintenance requests and maintenance delivered successfully?

20. Can you describe the users supported by this unit?

a. The number of users’ units, and the number of users
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b. Communication level with users
c. Effect of this communication level on personnel productivity.

21. In doing maintenance tasks, do the staff need to consult with more experience

staff?
o What is the effect of this consultation on personnel productivity?

Topic: Information systems personnel management

1.
2.

©CoNo O~

11.
12.
13.

14.
15.

16.

17.

18.

19.

20.

21.

22.

How many personnel have academic degrees and how many do not?

For each personnel category, what is the number of experienced and less
experienced people?

What is the difference between experienced and less experienced staff in terms
of the number of maintenance tasks that can be completed in one period (a
month or quarter)?

What is the number of personnel currently pursuing an academic degree?

How long does it take to obtain the degree?

What is the average number of new personnel recruited for each category?
What is the new IS personnel recruitment period?

What is the limitation number when recruiting new IS personnel?

What is the average number of new personnel transferred to and from the unit
for each category?

. What is the average time needed to become experienced personnel from less

experienced for each category?
How is the effect of the number of maintenance tasks delivered to the
personnel’s experience level? Competence level?
How many IS personnel has quit or been transferred out to another unit for each
category?
Are there any new but experienced IS personnel recruited from other units?
What is the total number of IS personnel actually needed for the unit?
In addition to the maintenance job, what kinds of other organisational
assignments are given to the IS personnel?
a. System development
b. Users support
c. Organisational meeting and ceremonies
d. Providing user training.
What is the proportion of these activities compared with the overall working
hours (or days)?
What is the absence level of IS personnel for any reasons?

¢ Relationship between personnel absence and reward.
Are experienced IS personnel also required to supervise or give on-the-job
training to the less experienced IS personnel?

e The proportion of these personnel compared to the overall number of

experienced personnel.

Is corrective maintenance considered more important than enhancive? Is
corrective maintenance allocated more staff than enhancive?
In doing maintenance, do staff need help from or communicate with other staff
members?
a. Communication level
b. Effects on the time needed to complete the activity.
What is the communication level of IS personnel and users, in terms of the
maintenance process?
Will the staff add or reduce working hours if the progress of a maintenance task
misses the time targeted?
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23.

24.

25.

26.

What is the relationship between rewards provided to the staff (such as one-off
bonus) and adjustment (addition or reduction) to working hours? Overtime work?
In addition to their jobs, what activities are also conducted by staff during
working hours? Proportion of this hour with respect to the overall working hours?
Is technical training also provided to the staff?

a. Type

b. Frequency per year

c. Impact on staff competence level

Based on your own experience, what is the difference between the overall
rewards you have received and those you have expected? Its effect on your
working hours?

For any of the above question, can | have the documentary data?
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A.6 Questionnaire for senior staff

Participant: Senior IS staff

Prior to the interview:
A brief overview and the objective of the study will be provided.
A brief overview of software maintenance and technical terminologies will be presented.
The interviewee is requested to introduce him/herself: name, position, the beginning
year, and the main responsibility.

Topic: Effort, productivity and reward

1. If you are assigned a maintenance task, on average how soon can the task be
completed?

e Corrective
e Enhancive.

2. Is that different from the time when you were first in employment?

3. Were you involved in the development of the software that you maintain?

4. If you are involved in the software development, what is the impact on your
maintenance tasks?

5. Does your experience dealing with software maintenance so far improve your
competence in doing maintenance tasks? In terms of time needed to complete a
task?

6. Does your experience dealing with software maintenance so far improve your
confidence in doing a maintenance task?

7. What kind of training have you attended in relation to software maintenance?
¢ Impact towards competence.

8. What is the impact of software size on your maintenance tasks?
¢ Time needed to analyse.

9. What is the impact of software users on your maintenance tasks?

e Communication with users.

10. Have you sought advice from more senior colleagues or other staff when you
are conducting maintenance tasks?
e Communication level
e Impact on maintenance tasks.

11. During working days when you are assigned a maintenance task, do you still do
other business?

e Emailing, having coffee, chatting with other colleagues, having phone calls,
etc.
e Time needed on average.

12. When you realise that the progress of the maintenance task differs from the
target, do you increase or reduce your working hours?
e Time added or reduced
e Maximum limit.

13. What kind of rewards do you receive from the organisation?

In general as a staff member

In relation to your performance

One-off bonus

Increase in salary

Promotion and career development

Professional development.

14. What kind of rewards do you expect from your job?
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15. Considering your own performance, are the rewards as you expect? Lower or
higher?

16. What is the impact of the rewards you receive with respect to the working hours
devoted to maintenance tasks?

17. Do you have other jobs outside this organisation?

18. What is your average absence level in a year?
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A.7 Technical terms and definitions explained to interviewees

These technical terms were explained orally by the researcher to each of
interviewees before the interview began.

Pemeliharaan Perangkat Lunak
Software Maintenance

1. Definisi:
Modifikasi produk perangkat lunak setelah deliveri, untuk memperbaiki
kesalahan, meningkatkan kinerja atau atribut lain, atau untuk menyesuaikan
perangkat lunak itu terhadap keadaan yang berubah.

Definition:

Modification of a software product after delivery to correct faults, to improve
performance or other attributes, or to adapt the product to a modified
environment.

2. Mengapa pemeliharaan perangkat lunak perlu?

Tidak mungkin mengembangkan perangkat lunak yang bebas kesalahan,
Lingkungan bisnis yang terus berubah,

Peraturan yang mengharuskan adanya perubahan,

Permintaan pengguna,

Inovasi teknologi, dan

Aktivitas pemeliharaan itu sendiri.

Why is software maintenance necessary?

It is impossible to develop error-free software
Ever-changing business environment

Law and regulation require the changes
Users’ requirements

Information technology innovation

Software maintenance activities.

3. Perbedaan pemeliharaan dengan pengembangan perangkat lunak baru
Pemeliharaan perangkat lunak:
e Skala pengerjaan lebih kecil

o Merancang ulang atau mengembangkan ulang tidak lebih dari 50% dari
produk

o Merancang atau mengembangkan interface baru kurang dari 20%

Terjadi secara acak

Diberi prioritas, dan diurutkan

Lebih berorientasi pada layanan pada user

Tidak menggunakan manajemen proyek

Memerlukan tidak lebih dari 60 orang-hari

The difference between software maintenance and development.
Software maintenance:
e Small-scale activities
o Redesign or redevelop less than 50% of the software product
o Design or develop new interfaces less than 20% of the software
product
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e Occurs at random
¢ Maintenance tasks are prioritised and ordered
e |tis oriented to users’ needs
o Doesn’t apply project management
e Requires less than 60 days.

4. Klasifikasi

o Korektif

o  Korektif

e  Preventif
Peningkatan

e Adaptif

e Perfective

Software maintenance classification:

e Corrective maintenance
o Corrective
o Preventive

e Enhancive maintenance
o Adaptive
o Perfective

5. Siklus hidup
a. ldentifikasi dan klasifikasi problem/modifikasi
b. Analisis
c. Perancangan
d. Implementasi
e. Pengujian system/regressi
f.  Pengujian penerimaan (acceptance)
g. Deliveri
Life cycle:
a. Problem/modification identification and classification
b. Analysis
c. Design
d. Implementation
e. System/regression testing
f. Acceptance testing
g. Delivery.
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A.8 Initial causal loop diagram presented to the senior manager (English version)

These diagrams were presented in sequence.
This is the first CLD presented to the senior manager.
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This is the second CLD presented to the senior manager.
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This is the third CLD presented to the senior manager.
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This is the fourth CLD presented to the senior manager.
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This is the fifth CLD presented to the senior manager.
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Appendix B Interviewees

B.1 List of interviewees

All interviewees have consented orally that their name can be explicitly mentioned in this research
report. However to protect their identity, only their initials are written.

No | Name Position Year | Formal Education | Main and Software
Responsibility
1 B M Senior manager 1991 | Undergraduate: IT | Information System
Postgraduate: ISM | Development Unit
Manager
2 | Sub Operational 1981 | Undergraduate: Multi Media
manager Administration, Application Sub Unit
Software Manager
Programming Developer and
Courses /Training | Maintainer of
Personnel
Management
Application System
3 |AW Operational Undergraduate: Computer Network
manager Postgraduate: Sub Unit Manager
4 | lbr Coordinator of 1981 | Undergraduate: Developer and
functional Administration Maintainer of
(Programmer and Postgraduate: ISM | Agriculture Statistic
System Analyst) DBMS and Export
staff Import Statistics
DBMS until
2006/2007
5 |[NY Functional staff 1981 | Undergraduate: Developer and
(Programmer) Computer Science | Maintainer of
Monitoring and
Evaluation Application
System
6 |MA Functional staff 1981 | Undergraduate: Developer and
(Programmer) Agriculture Maintainer of State
Owned Goods and
Equipment
Application System
7 |NS Functional staff 1991 | Undergraduate: Developer and
(Programmer) Information Maintainer of e-Form
Management and New Civil Servant
Postgraduate: ISM | Recruitment
Application System
8 |EN Staff of Multi 1998 | Undergraduate: Developer and
Media Application Computer Maintainer of The
sub unit Engineering Ministry’s Website
(Programmer) Postgraduate: ISM | and Portal
9 |AP Staff of Multi 2009 | Undergraduate: IT | Developer and
Media Application maintainer of
sub unit multimedia
presentation and the
Ministry website
content
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10 |PKBS Functional staff 1992 | Undergraduate: Developer and
(Programmer) Statistics Maintainer of the
Postgraduate: Geographic
Science Information System
11 |AS Functional staff 2001 | Undergraduate: Maintainer of some
application:
Agricultural
Elucidation
Application System
12 | Sum Functional staff 1980 | High School | Maintainer of
graduate Personnel
Management
Application System
13 |BS Functional staff 2009 | Undergraduate: Maintainer of Rural
Information Agribusiness
System Development Support
Management Application System
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B.2 List of software operators and maintainers

List of staff: application system software operators and maintainers

No Name Position Application system
1 Sum Functional staff SIMPEG Desktop
Staff of Information System Application sub
2 AS unit SIMPEG Network
3 NY Functional staff SIMONEV
4 Ibr Functional staff BDSP
Law and regulation
5 EW Staff of Multi Media Application sub unit documents Database
Export and Import
6 YT Staff of Computer Network sub unit Database
Staff of Information System Application sub
7 LH unit Staff Absence Database
8 BS Staff of Computer Network sub unit SIM PUAP
9 NS Functional staff e-Form and CPNS
10 MA Functional staff SABMN
Staff of Information System Application sub
11 JS unit Geographic IS
12 P B KS | Functional staff Geographic IS
13 LW Staff of Multi Media Application sub unit SMS Centre
Ministry and other unit’s
14 EN Staff of Multi Media Application sub unit Website
15 AP Staff of Multi Media Application sub unit
16 LH Functional staff
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Appendix C Graphical questionnaires and interviewees

response

C.1 An example of graphical question and interviewee signature

In this example, the interviewee agreed with the graphical pattern and signed the
guestionnaire.

29/ rof Ve

—

1. Hubungan antara ukuran sistem/software dengan jumfah fault / programming error

Konsep:

200
180 7
160 /
140 r4

yd
120

100 /

#faults

LoC
0 200000 400000 600000 800000 1000000

Real data

100

90

80 1

70

60

50

40

30

20

10

0

0 50000 100000 150000 200000 250000 300000

363



A formal model of e-government success factors for developing countries:
Dynamic relationships of software maintenance and information systems staff management

C.2 Examples of interviewee response towards graphical questionnaire

1. Relationship between application system size and number of faults.

200
180
160
140
120
100
80
60
40
20

#faults

LocC
0 200000 400000 600000 800000 1000000

The interviewees agreed on the pattern of the graph but not the size of the
application system. The total size never reaches 500000 SLOC (7).

2. The behaviour of maintenance requests over time as described by an
interviewee (7).

0.9

0.8

o JAN
/

0.4

0.1
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3. The percentage of total corrective and enhancive maintenance requests

explained to an interviewee (7) and the response.

Konsep:
Source System % % % user
corrective | enhancive | support
(Lee & Jefferson Web-based Java 32 68
2005) application
(Burch & Kung SQL system of a private 48.93 26.3 24.77
1997) organization
(Antoniol et al. Three open-source 45 - -
2008) software
(Kemerer & Commercial 17 83 -
Slaughter 1997) merchandise
(Ng, Gable & Chan | ERP-system of a 31 69 -
2002) government agency
(Jorgensen 1995) COBOL based of a large 43 57 -
company
(Abran & Application on financial 20.26 4731 3241
Nguyenkim 1993) | organization
{Abran & 26 39 35
| Nguyenkim 1991)
Real data: 3@ ( ';‘D

0.15

0.13 +

0.11 L2 .

0.09 - 3 ;
1 i

0.07 ;

005 +——t—-1

0.03

0.01 +——
1 1.05 14

1.15 1.2 1.25

4. The relationship between learning and training factor and recurrent faults (8).
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5. Confirmed phases of the maintenance activities (7).

s T
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‘\_/\/
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6. The relationship between maintenance performance and effort (7).
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7. The relationship between maintenance performance and organisational rewards
as described by the senior manager.
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8. The relationship between maintenance performance and expected rewards (7).
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9. The relationship between the difference of organisational rewards and the
expected reward and the staff effort (7).

0.8

0.6

0.4

0.2

10. The relationship between the number of maintenance delivery and the
competence improvement through learning (7).
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C.3 An example of an enhancive maintenance request for SIMPEG

A request for modification of a SIMPEG printout received by (12) in September

2010. Hand-written numbers indicate additional column and data required.

DISTRIBUSI PEGAWAI MENURUT JABATAN STRUKTURAL
KEMENTERIAN PERTANIAN

PER : 23 SEPTEMBER 2010

UNIT KERJA : DIREKTORAT JENDERAL PETERNAKAN Halaman : 1
NO. * UNIT KERJA ESELON 1A | ESELON 18 | ESELON 2A | ESELON 2B |'ESELON3A | ESELON3B | ESELON4A | ESELONB | ESELONSA | ESELON5B
1 |SEKRETARIAT DITJENNAK ;o1 i 1 3 2 12
2 | DIREKTORAT PERBIBITAN / 1 & 4 § 9
3 | DIREKT.BUD.NAK NONRUMIN. I 1 7 3 5 9
4 | DIREKTORAT BUDIDAYA TERNAK ;o1 ¥ 4 5 9
5 | DIREKTORAT KESEHATAN HEWAN ;o1 4 7 ¢
6 | DIREKTORAT KESMAVET ;o1 PR 41
7 |PUSVETMA, SURABAYA po1 ) 5 6 2019
8 | BBPMSOH GUNUNG SINDUR, BOGOR / 1 5303 77
9 [BBVET WATES i 1 3 3 27
10 |BBVET MAROS ;o1 o3| 105
| 11 |BBVET DENPASAR ;1 ;3 7 6
12 |BBPTU SAPI PERAH BATURRADEN [1 302 A ]
13 |BBIB SINGOSARI MALANG /o1 503 PR
14 |BIB LEMBANG BANDUNG / 1 Y a
15 |BET CIPELANG BOGOR ! 1 74
16 |BPMPP BOGOR ;o 33
17 |BPMPT BEKASI i1 ¥oa
18 |BPPV REGIONAL I MEDAN o1 5o
19 |BPPV REGIONAL II BUKITTINGGI ;o1 5 3
20 |BPPV REGIONAL II1 BANDARLAMPUNG 1 i3
21 |BPPV REGIONAL V BANJARBARU 1 y 3
22 |BPTU SAPI ACEH INDRAPURI NAD (o1 y 4
distribusijebstru
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C.4 An example of an enhancement of a SIM PUAP interface

The interface style before enhancement (row style format).

Pengembangan'Usaha AgrlblsmsPerdesaan (SIM_PUAP
Program Nasional Pemberdayaan Masyarakat (PNPM) Mandm 'fﬁp s

Cetak Formuli Restore Data Ubah Data Login

Slstem Informa5| I\/Ianajemen

Pengembangan Usaha Agribisnis} Perdesaan (PUAP)
Program Nasional Pemberdayaan Masyarakat!(PNPM) M“i,i‘f\',dlrl ‘\M

A 1

Cetak Formulir
SEKILAS TENTANG PUAP Back Up Data

Restore Sefuruh Data

»  PUAP merupakan langkah tercbosan Kementerian Pertanian ( Restore Data Dasar iskinan dan
pengangguran. Update Tabel Database
. PUAP merupakan entry point dan perekat bagi seluruh progran] ypah pata Login n dan sektor

lain yang terkait dalam program PNPM-Mandiri.
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Appendix D Some of the model validation results

D.1 Extreme value test

1. The output of zero value setting
ﬂ 1: Delivery and request ratio
1: I TRt L R
1: e e S
1: ol 1 1 1 1
1.00 4.80 8.60 12.40 16.20 20.00
Page 1 Quarters 8:58 PM Wed, 28 Sep 2011
a=/ ?
2. The output of large positive value setting
ﬂ 1: Delivery and request ratio
1: g
1: e e
1: o=f=1s 1 1 1 1
1.00 4.80 8.60 12.40 16.20 20.00
Page 1 Quarters 8:58 PM Wed, 28 Sep 2011
a=s 7?7
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3. The output of large positive value in maintenance request variation setting after
10th quarter

1:

Page 1

3=/

e

0~ 1 1
1.00 8.60 12.40 16.20 20.00
Quarters 9:06 PM Wed, 28 Sep 2011

ﬂ 1: Delivery and request ratio
1

4. The output of practically no reward setting (reward adjustment time)

® 1:Reward variation 2: Impact of RP difference on effort 3: Impact of RP on absence level 4: Total staff available
1 Nl i o i Hii it S i i iivimih I i il i i
2: 2
3: ol
4: 8
1 1 —1
1
- s 3 3 3
4
1
2:
3:
4: 2 2 2
—, 4
/4 B
1:
2:
3:
4:
12.40 16.20 20.00
Page 1 Quarters 9:11 PM Wed, 28 Sep 2011,
as/t ?
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5. The output of change in communication level with experienced staff setting
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D.2 Parameters and graphical relationships setting for the behaviour

sensitivity test

Base case 10% decrease 10% increase
values

Maintenance Process
task mltp 1 0.9 1.1
system increase fctr 8 7.2 8.8
enhc anls rate 2.02 1.818 2.222
enhc dvlp rate 3.34 3.006 3.674
enhc dlvry rate 5.04 4.536 5.544
recr fault pct Graph Graph-0.1*Graph Graph+0.1*Graph
recr fault semaphore rate 1 0.9 1.1
Motivational Factor
orgl reward factor Graph Graph-0.1*Graph Graph+0.1*Graph
expected reward factor Graph Graph-0.1*Graph Graph+0.1*Graph
rwrd adj time 1 0.9 1.1
rwd expc adj time 1 0.9 1.1
lof RPdiff on Effort Graph Graph-0.1*Graph Graph+0.1*Graph
lof Perf on Effort Graph Graph-0.1*Graph Graph+0.1*Graph
staff base effort 0.875 0.7875 0.9625
comm Ivl with exprc staffs 0.05 0.045 0.055
comm Ivl with users 0.07 0.063 0.077
Human Resource
IofRP on absence Ivl Graph Graph-0.1*Graph Graph+0.1*Graph
other duty Ivl 0.3 0.27 0.33
tasks from VIP 0.075 0.0675 0.0825
base imprv adj time 42.6 38.34 46.86
recruitment limitation 1 0.9 1.1
total staff needed 16 14.4 17.6
correction urgency Ivl 0.6 0.54 0.66
percent allocation for correction Graph Graph-0.1*Graph Graph+0.1*Graph
Staff Competence
competence Ivl of CS 3.7065 3.33585 4.07715
competence vl of LCS 1.5885 1.42965 1.74735
decay factor 0.0625 0.05625 0.06875
learning fctr Graph Graph-0.1*Graph Graph+0.1*Graph
training fctr Graph Graph-0.1*Graph Graph+0.1*Graph
avg imprv per training 0.20 0.18 0.22
training imprv adj time 1 0.9 1.1
lofCptcLvl on TN Graph Graph-0.1*Graph Graph+0.1*Graph
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D.3 An example of a customised interface in STELLA for behaviour
sensitivity test

Sensitivity Test Input

Sensitivity Test Output

task mitp recr fault pct

|

:

system increase fctr

;

|

enhc anls fctr

5 Maintenance Process Sector

ehnc divry fctr

recr fault
semaphore rate

|

E
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D.4 Summary of the changes of selected parameters’ value after 10%

decrease at the end of simulation time

delivery and average staff total staff
request ratio | competence | productivity available
level varn
Base case value 0.96 1.21 1.28 8.98
10% decrease

Maintenance Process
1 [task mitp 0.96 | 0% 119 | 2% | 1.26 | -2% | 8.98 0%
2 |system increase fctr 0.96 | 0% 121 | 0% 1.28 0% 8.98 0%
3 |enhc anls rate 0.96 | 0% 1.21 | 0% 1.28 0% 8.98 0%
4 |enhc dvlp rate 0.96 | 0% 1.21 | 0% 1.28 0% | 8.98 0%
5 |enhc dlvry rate 0.96 | 0% 1.21 | 0% 1.28 0% 8.98 0%
6 |recr fault pct 0.96 | 0% 121 | 0% 1.28 0% 8.98 0%
7 |recr fault semaphore rate 0.96 | 0% 1.21 | 0% 128 | 0% | 8.98 0%

Motivational Factor
8 |orgl reward factor 0.96 | 0% 121 | 0% 1.28 0% 8.98 0%
9 |expected reward factor 096 | 0% 1.21 0% 1.28 0% 8.98 0%
10 |rwrd adj time 0.96 | 0% 121 | 0% 1.28 0% | 8.98 0%
11 |rwd expc adj time 0.96 | 0% 121 | 0% 1.28 0% 8.98 0%
12 |lof RPdiff on Effort 0.96 | 0% 1.21 | 0% 1.20 | -6% | 8.98 0%
13 |lof Perf on Effort 096 | 0% 1.21 0% 1.23 | -4% | 8.98 0%
14 |staff base effort 0.96 | 0% 121 | 0% 123 | -4% | 8.98 0%
15 |comm Ivl with exprc staffs 0.96 | 0% 121 | 0% 1.29 1% 8.98 0%
16 |comm Ivl with users 0.96 | 0% 1.21 0% 1.29 1% 8.98 0%

Human Resource
17 |IofRP on absence Ivl 0.96 | 0% 121 | 0% 1.28 0% 9.06 1%
18 |other duty Ivl 0.96 | 0% 121 | 0% 1.28 0% | 9.45 5%
19 [tasks from VIP 0.96 | 0% 1.21 | 0% 1.28 0% | 9.10 1%
20 |base imprv adj time 0.96 | 0% 1.23 2% 131 2% 8.97 0%
21 |recruitment limitation 096 | 0% 1.21 0% 1.28 0% 8.98 0%
22 |total staff needed 0.96 | 0% 124 | 2% 1.31 2% 8.08 | -10%
23 |correction urgency vl 0.96 | 0% 1.21 | 0% 128 | 0% | 8.98 0%
22 percent allocation for| 0.96 | 0% 1.21 0% 1.28 0% 8.98 0%

correction

Staff Competence
25 |competence vl of CS 0.96 | 0% 1.09 |-10% | 1.15 |-10% | 8.98 0%
26 |competence lvl of LCS 0.96 | 0% 1.18 | -2% | 1.25 | -2% | 8.98 0%
27 |decay factor 0.96 | 0% 138 | 14% | 1.46 | 14% | 8.98 0%
28 |learning fctr 095 | -1% | 1.06 |-12% | 1.13 |-12% | 8.99 0%
29 (training fctr 095 | -1% | 1.14 | -6% | 1.21 | -5% | 8.98 0%
30 [avg imprv per training 095 | -1% 1.14 | -6% 1.21 -5% | 8.98 0%
31 |training imprv adj time 0.96 | 0% 1.25 3% 1.32 3% 8.98 0%
32 |lofCptcLvl on TN 0.96 | 0% 1.22 | 1% 1.30 2% | 8.98 0%
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D.5 Summary of the changes of selected parameters’ value after 10%

increase at the end of simulation time

delivery and average staff total staff
request ratio| competence | productivity available
level varn
Base case value 0.96 1.21 1.28 8.98
10% increase

Maintenance Process
1 [task mltp 0.96 | 0% 1.24 2% 1.31 2% | 8.98 0%
2 |system increase fctr 0.96 | 0% 1.21 0% 1.28 0% 8.98 0%
3 |enhc anls rate 0.96 | 0% 1.21 0% 1.28 0% 8.98 0%
4 |enhc dvlp rate 0.96 | 0% 1.21 0% 1.28 0% 8.98 0%
5 |enhc dlvry rate 0.96 | 0% 1.21 0% 1.28 0% 8.98 0%
6 |recr fault pct 095 | -1% | 1.21 0% 128 | 0% | 8.98 0%
7 |recr fault semaphore rate 0.96 | 0% 1.21 0% 128 | 0% | 8.98 0%

Motivational Factor
8 |orgl reward factor 0.96 | 0% 1.21 0% 1.28 0% 8.98 0%
9 |expected reward factor 096 | 0% 1.21 0% 1.28 0% 8.98 0%
10 |rwrd adj time 0.96 | 0% 1.21 0% 1.28 0% | 8.98 0%
11 |rwd expc adj time 0.96 | 0% 1.21 0% 1.28 0% | 8.98 0%
12 |lof RPdiff on Effort 0.96 | 0% 1.21 0% 1.36 6% | 8.98 0%
13 |lof Perf on Effort 0.96 | 0% 1.21 0% 1.33 4% 8.98 0%
14 |staff base effort 0.96 | 0% 1.21 0% 1.33 4% | 8.98 0%
15 |comm Ivl with exprc staffs 0.96 | 0% 1.21 0% 1.27 | -1% | 8.98 0%
16 [comm Ivl with users 096 | 0% 1.21 0% 1.27 | -1% | 8.98 0%

Human Resource
17 |IofRP on absence Ivl 0.96 | 0% 1.21 0% 1.28 0% 8.90 -1%
18 |other duty Ivl 0.96 | 0% 1.21 0% 1.28 0% | 8.51 -5%
19 [tasks from VIP 0.96 | 0% 1.21 0% 1.28 0% | 8.86 -1%
20 |base imprv adj time 0.96 | 0% 119 | -2% | 1.26 | -2% | 8.99 0%
21 |recruitment limitation 0.96 | 0% 1.21 0% 1.28 0% 8.98 0%
22 |total staff needed 0.96 | 0% 1.18 | -2% | 1.25 | -2% | 9.79 9%
23 |correction urgency Ivl 0.96 | 0% 1.21 0% 1.28 0% 8.98 0%
24 |percent allocation for 0.96 | 0% 1.21 0% 1.28 0% 8.98 0%

correction

Staff Competence
25 |competence Ivl of CS 0.96 | 0% 133 | 10% | 1.41 | 10% | 8.98 0%
26 |competence Ivl of LCS 0.96 | 0% 1.24 2% 1.31 2% 8.98 0%
27 |decay factor 0.96 | 0% 1.06 |-12%| 1.13 |-12% | 8.98 0%
28 |learning fctr 0.96 | 0% 136 | 12% | 1.44 | 13% | 8.97 0%
29 [training fctr 0.96 | 0% 1.23 2% 1.31 2% | 8.98 0%
30 [avg imprv per training 0.96 | 0% 1.25 3% 1.32 3% 8.98 0%
31 |[training imprv adj time 096 | 0% 1.17 | 3% | 1.24 | -3% | 8.98 0%
32 |lofCptcLvl on TN 095 | -1% | 1.15 | -5% | 122 | -5% | 8.98 0%
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Appendix E The model documentation

Maintenance process sector

CM_delivered(t) = CM_delivered(t - dt) + (CM_delivery_rate - CM_fault_rate) * dt
INIT CM_delivered =0
UNITS: tasks

CM_delivery_rate = Daily_manpower_of_staff _for_CM*CM_productivity_variation
UNITS: tasks/qtr

CM_fault_rate = CM_delivered*Recurrent_faults_percentage
UNITS: tasks/qtr

Correction_request(t) = Correction_request(t - dt) + (Correction_request_rate -
CM_delivery_rate) * dt

INIT Correction_request =0

UNITS: tasks

Correction_request_rate = Maintenance_request*Corrective__percentage
UNITS: tasks/qtr

EM_analysed(t) = EM_analysed(t - dt) + (EM_analysis_rate - EM_developement_rate) * dt
INIT EM_analysed =0
UNITS: tasks

EM_analysis_rate =
((1/3)*Daily_manpower_of_staff for_EM)*EM_productivity_variation*EM_analysis_factor
UNITS: tasks/qtr

EM_developement_rate =

(1/3)*Daily_manpower_of_staff for EM*EM_productivity variation*
EM_development_factor

UNITS: tasks/qtr

EM_delivered(t) = EM_delivered(t - dt) + (EM_delivery_rate - EM_fault_rate) * dt
INIT EM_delivered =0
UNITS: tasks

EM_delivery_rate =
(1/3)*Daily_manpower_of_staff_for EM*EM_productivity_variation*EM_delivery_factor
UNITS: tasks/qtr

EM_fault_rate = EM_delivered*Recurrent_faults_percentage
UNITS: tasks/qtr

EM_developed(t) = EM_developed(t - dt) + (EM_developement_rate - EM_delivery_rate) *
dt

INIT EM_developed =0

UNITS: tasks
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Enhancement_request(t) = Enhancement_request(t - dt) + (Enhancement__request_rate -
EM_analysis_rate) * dt

INIT Enhancement_request =0

UNITS: tasks

Enhancement__request_rate = Maintenance_request*(1-Corrective__percentage)
UNITS: tasks/qtr

Maintenance_request(t) = Maintenance_request(t - dt) + (Maintenance__request_variation
- Correction_request_rate - Enhancement__request_rate) * dt

INIT Maintenance_request =0

UNITS: tasks

Maintenance__request_variation =
(New_maintenance_request+Recurrent_fault_back variation)
UNITS: tasks/qtr

Recurrent_faults(t) = Recurrent_faults(t - dt) + (EM_fault_rate + CM_fault_rate -
Recurrent_fault_back_variation) * dt

INIT Recurrent_faults =0

UNITS: tasks

CM_fault_rate = CM_delivered*Recurrent_faults_percentage
UNITS: tasks/qtr

System_size(t) = System_size(t - dt) + (System_size_increase) * dt
INIT System_size = 100000
UNITS: SLOC

System_size_increase =
((CM_delivery_rate+EM_delivery_rate)*System_increase_factor)+Releases_factor
UNITS: sloc/qtr

Total_request(t) = Total_request(t - dt) + (Request_rate) * dt
INIT Total_request =0
UNITS: tasks

Request_rate = Maintenance__request_variation
UNITS: tasks/qtr

CM_factor=4.9
UNITS: Unitless

CM_productivity_variation = Productivity_variation*CM_factor
UNITS: tasks/persons-qtr

Delivery_and_request_ratio = IF Total_request=0 THEN O ELSE Total_delivery/Total_request
UNITS: Unitless
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EM_analysis_factor = 2.02
UNITS: Unitless

EM_delivery_factor =5.04
UNITS: Unitless

EM_development_factor =3.34
UNITS: Unitless

EM_factor = 0.566572238
UNITS: Unitless

EM_productivity variation = Productivity_variation*EM_factor
UNITS: tasks/persons-gtr

Faults = EXP(-1.636+1.047*LOG10(System_size))
UNITS: Unitless

Impact_of_system_size_on_NMR = Faults*Task__multiplier
UNITS: tasks/qtr

New_maintenance_request = Impact_of system_size_on_NMR*Impact_of time_on_NMR
UNITS: tasks/qtr

Recurrent_fault__semaphore_rate =1
UNITS: quarters (qtr)

System_increase_factor = 15
UNITS: SLOC/tasks

Task__multiplier =1
UNITS: tasks/qtr

Total_delivery = CM_delivered+EM_delivered
UNITS: tasks

Corrective__percentage = GRAPH(TIME)

(1.00, 0.67), (2.00, 0.57), (3.00, 0.44), (4.00, 0.47), (5.00, 0.4), (6.00, 0.35), (7.00, 0.31),
(8.00, 0.43), (9.00, 0.4), (10.0, 0.52), (11.0, 0.41), (12.0, 0.33), (13.0, 0.28), (14.0, 0.31),
(15.0, 0.22), (16.0, 0.18), (17.0, 0.13), (18.0, 0.15), (19.0, 0.03), (20.0, 0.02)

UNITS: 1/qtr

Impact_of_time_on_NMR = GRAPH(TIME)

(1.00, 0.09), (2.00, 0.176), (3.00, 0.1), (4.00, 0.08), (5.00, 0.086), (6.00, 0.086), (7.00, 0.038),
(8.00, 0.06), (9.00, 0.055), (10.0, 0.061), (11.0, 0.014), (12.0, 0.02), (13.0, 0.018), (14.0,
0.052), (15.0, 0.016), (16.0, 0.006), (17.0, 0.006), (18.0, 0.043), (19.0, 0.006), (20.0, 0.006)
UNITS: Unitless
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Recurrent_faults_percentage = GRAPH(Learning_and_training_factor)

(1.00, 0.005), (1.05, 0.00436), (1.10, 0.00368), (1.15, 0.00322), (1.20, 0.00288), (1.25,
0.00266), (1.30, 0.00251), (1.35, 0.00245), (1.40, 0.00239), (1.45, 0.00233), (1.50, 0.00232)
UNITS: 1/qtr

Releases_factor = GRAPH(TIME)

(1.00, 0.00), (2.00, 0.00), (3.00, 0.00), (4.00, 0.00), (5.00, 0.00), (6.00, 0.00), (7.00, 0.00),
(8.00, 0.00), (9.00, 10000), (10.0, 0.00), (11.0, 0.00), (12.0, 0.00), (13.0, 10000), (14.0, 0.00),
(15.0, 0.00), (16.0, 0.00), (17.0, 10000), (18.0, 0.00), (19.0, 0.00), (20.0, 0.00)

UNITS: sloc/qtr
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Motivational factors sector
Effort(t) = Effort(t - dt) + (Effort_variation) * dt

INIT Effort=0
UNITS: Unitless

Effort_variation =

((0.5*(Impact_of_performance_on_effort+impact_of RP_difference__on_effort)) /

Effort_adjustment_time)
UNITS: 1/qtr

Expectation_of reward(t) = Expectation_of reward(t - dt) +
(Reward_expectation_variation) * dt

INIT Expectation_of reward =0

UNITS: Unitless

Reward_expectation_variation =
Expected_reward_factor/Reward_expectation_adjustment_time
UNITS: 1/qtr

Productivity(t) = Productivity(t - dt) + (Productivity_variation) * dt
INIT Productivity =0
UNITS: Tasks/persons

Productivity variation = Effort_variation*Average_competence_level*(1-
Environmental_factor)*Productivity_adjustment_time
UNITS: tasks/persons-qtr

Reward(t) = Reward(t - dt) + (Reward_variation) * dt
INIT Reward =0
UNITS: Unitless

Reward_variation = Organisational_reward_factor/Reward_adjustment_time
UNITS: 1/qtr

Base_effort =0.875
UNITS: Unitless

Base_productivity =
(Average_competence_level*Base_effort)/Initial_average competence_level
UNITS: Unitless

Communication_level_with_experienced_staffs = 0.05
UNITS: Unitless

Communication_level_with_users = 0.07
UNITS: Unitless

Effort_adjustment_time=1
UNITS: quarters (qtr)
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Environmental_factor = MIN(1,(Communication_level_with_experienced_staffs +
Communication_level_with_users))
UNITS: Unitless

Initial_average__competence_level = 2.6475
UNITS: tasks/persons-qtr

Performance_effort_difference = Delivery_and_request_ratio-Base_productivity
UNITS: Unitless

Productivity _adjustment_time =1
UNITS: quarters (qtr)

Reward_adjustment_time =1
UNITS: quarters (qtr)

Reward_expectation_adjustment_time =1
UNITS: quarters (qtr)

Reward_performance_difference = (Reward-Expectation_of reward)
UNITS: Unitless

Expected_reward_factor = GRAPH(Delivery_and_request_ratio)

(0.00, 0.075), (0.1, 0.08), (0.2, 0.11), (0.3, 0.18), (0.4, 0.27), (0.5, 0.38), (0.6, 0.5), (0.7, 0.62),
(0.8,0.735), (0.9, 0.81), (1, 0.825)

UNITS: Unitless

Impact_of_performance_on_effort = GRAPH(Performance_effort_difference)

(-1.00, 1.51), (-0.833, 1.47), (-0.667, 1.40), (-0.5, 1.24), (-0.333, 1.02), (-0.167, 0.89), (-1.67e-
016, 0.875), (0.167, 0.875), (0.333, 0.875), (0.5, 0.875), (0.667, 0.875), (0.833, 0.875), (1,
0.875)

UNITS: Unitless

Impact_of RP_difference__on_effort = GRAPH(Reward_performance_difference)

(-1.00, 0.875), (-0.833, 0.875), (-0.667, 0.875), (-0.5, 0.875), (-0.333, 0.875), (-0.167, 0.875),
(-1.67e-016, 0.875), (0.167, 0.89), (0.333, 1.01), (0.5, 1.19), (0.667, 1.33), (0.833, 1.43), (1,
1.50)

UNITS: Unitless

Organisational_reward_factor = GRAPH(Delivery_and_request_ratio)

(0.00, 0.005), (0.1, 0.03), (0.2, 0.07), (0.3, 0.14), (0.4, 0.27), (0.5, 0.43), (0.6, 0.6), (0.7, 0.82),
(0.8,0.93), (0.9,0.97), (1, 0.98)

UNITS: Unitless
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Staff allocation sector

Competent_staff(t) = Competent_staff(t - dt) + (Improvement_rate - Exit_rate) * dt
INIT Competent_staff =6
UNITS: persons

Improvement_rate = Less_competent_staff/Improvement_adjustment_time
UNITS: persons/qtr

Exit_rate = Competent_staff/Exit_adjustment_time
UNITS: persons/qtr

Less_competent_staff(t) = Less_competent_staff(t - dt) + (Recruitment_rate -
Improvement_rate) * dt

INIT Less_competent_staff =8

UNITS: persons

Recruitment_rate = New_staff recruited/Recruitment_adjusment_time
UNITS: persons/qtr

Average_availability _per_staff = MAX (0, 1-
(Impact_of RP_on_absence_level+Other_duty_level+Tasks_from_VIP))
UNITS: Unitless

Base_improvement_adjustment_time = 26
UNITS: quarters (qtr)

CM_urgency_level =0.60
UNITS: Unitless

Daily_manpower_of_staff_for_CM = Total_staff_available*Percent_allocation_for_CM
UNITS: persons

Daily_manpower_of_staff for_EM = Total_staff_available*(1-Percent_allocation_for_CM)
UNITS: persons

Exit_adjustment_time =120
UNITS: quarters (qtr)

Improvement_adjustment_time =
Base_improvement_adjustment_time/Learning_and_training_factor

UNITS: quarters (qtr)

New_staff recruited = MIN(Recruitment_limitation,Total_staff gap)
UNITS: persons

Other_duty _level =0.3
UNITS: Unitless
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Recruitment_adjusment_time =4
UNITS: quarters (qtr)

Recruitment_limitation =1
UNITS: persons

Tasks_from_VIP =0.075
UNITS: Unitless

Total_staff = Competent_staff+Less_competent_staff
UNITS: persons

Total_staff _available = Total_staff*Average_availability _per_staff
UNITS: persons

Total_staff _gap = MAX(0,Total_staff needed-Total_staff)
UNITS: persons

Total_staff needed =16
UNITS: persons

Impact_of RP_on_absence_level = GRAPH(Reward_performance_difference)

(-1.00, 0.199), (-0.8, 0.157), (-0.6, 0.128), (-0.4, 0.101), (-0.2, 0.078), (-5.55e-017, 0.063),
(0.2,0.059), (0.4, 0.056), (0.6, 0.053), (0.8, 0.052), (1.00, 0.051)

UNITS: Unitless

Percent_allocation_for_CM = GRAPH(CM_urgency_level)

(0.00, 0.5), (0.1, 0.51), (0.2, 0.519), (0.3, 0.525), (0.4, 0.533), (0.5, 0.546), (0.6, 0.566), (0.7,
0.584), (0.8, 0.614), (0.9, 0.657), (1, 0.75)

UNITS: Unitless
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Staff competence sector

Actual_training(t) = Actual_training(t - dt) + (Actual_training_variation) * dt
INIT Actual_training =0
UNITS: Unitless

Actual_training_variation =
Average_improvement_per_training/Training_improvement_adjustment_time
UNITS: 1/qgtr

Competence_obsolescence(t) = Competence_obsolescence(t - dt) + (- Decay_rate) * dt
INIT Competence_obsolescence =1
UNITS: Unitless

Decay_rate = Competence_obsolescence*IT_advancement
UNITS: 1/qtr

Training_needed(t) = Training_needed(t - dt) + (Training_need__variation) * dt
INIT Training_needed =0
UNITS: Unitless

Training_need__ variation =

(0.75*Impact_of _competence_level_on_TN+0.05*Impactof _recurrent_fault_on_ TN+
0.20*Impact_of LCS_on_TN)/Training_need__adjustment_time

UNITS: 1/qtr

Average_competence_level = ((Fraction_of _CS*Competence_level_of CS)+(1-
Fraction_of_CS)* Competence_level_of LCS) * Learning_and_training_factor *
Competence_obsolescence

UNITS: tasks/persons-qtr

Average_improvement_per_training = 0.25
UNITS: Unitless

Competence_level_of CS=3.7065
UNITS: tasks/persons-qtr

Competence_level of LCS=1.5885
UNITS: tasks/persons-qtr

Fraction_of CS = IF (Competent_staff=0 AND Less_competent_staff=0) THEN O ELSE
Competent_staff/(Competent_staff+Less_competent_staff)
UNITS: Unitless

IT_advancement = 0.0625
UNITS: 1/qtr

Learning_and_training_factor = Learning_factor+Training_factor
UNITS: Unitless
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Training_gap = IF Actual_training=0 THEN 0 ELSE (Actual_training-
Training_needed)/Actual_training
UNITS: Unitless

Training_improvement_adjustment_time =1
UNITS: quarters (qtr)

Training_need__adjustment_time =1
UNITS: quarters (qtr)

Impactof_recurrent_fault_on_TN = GRAPH(IF Total_request=0 THEN O ELSE
Recurrent_faults/Total_request)

(0.00, 0.00), (0.015, 0.0227), (0.03, 0.0455), (0.045, 0.09), (0.06, 0.14), (0.075, 0.22), (0.09,
0.295), (0.105, 0.375), (0.12, 0.47), (0.135, 0.64), (0.15, 0.97)

UNITS: Unitless

Impact_of competence_level_on_TN = GRAPH(Average _competence_level)

(0.00, 1.00), (1.00, 0.6), (2.00, 0.41), (3.00, 0.29), (4.00, 0.2), (5.00, 0.14), (6.00, 0.1), (7.00,
0.085), (8.00, 0.07), (9.00, 0.06), (10.0, 0.05), (11.0, 0.05), (12.0, 0.05), (13.0, 0.05)

UNITS: Unitless

Impact_of LCS on_TN = GRAPH(1-Fraction_of CS)

(0.00, 0.005), (0.1, 0.035), (0.2, 0.06), (0.3, 0.095), (0.4, 0.14), (0.5, 0.185), (0.6, 0.255), (0.7,
0.37), (0.8, 0.505), (0.9, 0.7), (1, 0.995)

UNITS: Unitless

Learning_factor = GRAPH(Total_delivery)

(0.00, 1.00), (10.0, 1.02), (20.0, 1.04), (30.0, 1.09), (40.0, 1.13), (50.0, 1.19), (60.0, 1.27),
(70.0, 1.32), (80.0, 1.35), (90.0, 1.37), (100, 1.38)

UNITS: Unitless

Training_factor = GRAPH(Training_gap)

(-1.00, 0.00), (-0.8, 0.0675), (-0.6, 0.116), (-0.4, 0.165), (-0.2, 0.21), (-5.55e-017, 0.25), (0.2,
0.283), (0.4, 0.33), (0.6, 0.39), (0.8, 0.491), (1.00, 0.743)

UNITS: Unitless
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