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| Abstract

Geographical Information Systems (GIS) often do not meet the expectations of users and
management, raising questions and doubts as to their overall success and effectiveness. To date
the majority of GIS research has focused on technical issues, and management research has
approached GIS effectiveness from a purely cost benefit perspective. This study adopts a
holistic, multi-perspective approach to the issue of GIS effectiveness, identifying measures of
effectiveness related to the fields of Information Systems (IS), Management Information
Systems (MIS) and GIS. It applies these measures using the case study methodology in a small
South African local authority, the Ceres Municipality.

Four research questions were posed, firstly, “How effective is GIS at the Ceres Municipality 7,
secondly “What are appropriate measures of GIS effectiveness for this type of organisation ?”,

thirdly “Are existing Information Systems (IS) effectiveness measures applicable to the field of
GIS ?” and finally “ What organisational issues influence GIS Effectiveness ?”.

From the literature reviewed, four themes were developed that were maintained throughout the
case study. These are, firstly a holistic approach to GIS throughout the whole organisation.
Secondly it is argued that for GIS to be truly effective it needs to support and be supported by
the organisation’s strategic goals and objectives. The concept of effectiveness is therefore seen
as a strategic measure encompassing the operational measure of efficiency. The focus on the
individual within the organisation rather than the organisation as a whole forms the third theme
of the research. The fourth theme is the use of multiple and combined measures of GIS
effectiveness and was developed from the availability of these alternative approaches which
could be applied to the field of GIS. This is in contrast to existing GIS management theory,
which emphasises technical efficiency and Cost Benefit Analysis (CBA) as effectiveness criteria.
The study furthermore places less emphasis on in-depth analysis and more emphasis on

comparative and overview analysis of the multiple measures and variables.

Of the various effectiveness measures identified in the literature, three measures were chosen for
further analysis in the case study. These were Cost Benefit Analysis, Strategy Alignment and
Systems Utilisation, providing a combination of qualitative and quantitative measures and a

multi-perspective evaluation of GIS effectiveness. Cost benefit analysis has received wide
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support in GIS management theory and is used as a baseline measure, against which the new

GIS measures of Strategy Alignment and Utilisation can be compared and integrated.

The case study involved collecting data from a number of sources. These included direct
observation, records, documentation, questionnaires, interviews and discussions. The study
was performed across three departments in the organisation using a total of eight respondents

at senior management, middle management and technical levels.

A cost benefit analysis was performed for historical five-year and future two-year periods with
both past and future analyses resulting in favourable CBA ratios. The analyses were however

limited by small sample sizes and the existence of a few high value benefits.

A measure of Strategy Alignment was developed as a further effectiveness measure of GIS.
This involved the measurement of the existence and the mutual alignment of business, IT and
GIS strategies. The overall level of strategy existence and strategy alignment was found to be

low.

Systems utilisation was used as a surrogate measure of GIS effectiveness, and the
psychometric measures of Perceived Usefulness, Perceived Ease of Use and Computer Self
Efficacy were used as determinants of systems utilisation. These variables were measured by
means of questionnaire instruments adopted from similar MIS research and by interviewee
responses to perceptions of utilisation. Past and current utilisation was found to be low to

moderate while predicted overall future utilisation of GIS was found to be moderate to high.

Further analyses were performed using matrices of strategic and tactical effectiveness where
strategy alignment was used as the determinant of strategic effectiveness and utilisation was
used as the determinant of tactical effectiveness. These were used for the past, current and

predicted future time frames. This was found to be a useful method of combining variables.

Finally an overall GIS Effectiveness Framework is proposed as an all-inclusive summary of the
dimension, measures, perspectives and methodologies used in the research, representing the -
author’s holistic view of GIS effectiveness. The framework is proposed as a useful tool to be

.used as a starting point for other GIS effectiveness related research.




The main findings of the case stﬁdy reveal varying levels of effectiveness depending on the -
approaches and measures used. The proposed overall effectiveness model that uses measures
of utilisation and strategy alignment in addition to CBA was found to be more applicable than
simple CBA alone due to the complexities that exist in the organisation and the shortcomings

of the CBA measure when used in isolation.

The psychometric measures of user attitude as predictors of utilisation, adopted from the field
of MIS, proved to be suitable for use in evaluating GIS effectiveness. The psychometric

measures used were however simple and limited and require further research and validation.

The case study methodology was found to be well suited to the study of GIS management
issues due to the 'Cbmplexities of the variables present and the uniqueness of each

organisational situation.
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— A GIS application program marketed by ESRI Corporation, USA.

— Computer Aided Design

— Cost Benefit Analysis

~— Computer Self Efficacy

'~ Measure of the impact of policies and prograxns (Worrall 1994).

~ Maximisation of the ratio of outputs to inputs (Worrall 1994).

- Geographical Information System — A computerised system for the collection,
storage, manipulation and output of information that is spatially referenced

(Obermeyer & Pinto 1994)
— Information System

— Information Technology

~ A desktop mapping and GIS application program marketed by the Maplnfo

Corporation, USA.

— A Computer Aided Design (CAD) application program marketed by the Bentley
Corporation, USA. '

- Management Information System

— Managerial Rationalism. GIS implementation perspective with the emphasis on a

traditional management approach. (Campbell & Masser 1995)

— A desktop GIS application program marketed by Computer Foundation, South
Africa. '
— Social Interactionism. GIS implementation perspective with the emphasis on the |

needs and role of the individual. (Campbell & Masser 1995)

- Technological Determinism. GIS implementation perspective with the emphasis

on technical capabilities. (Campbeﬂ & Masser 1995)
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' TTF - Task Technology F1t

- UltrmateCad - A Computer Aided Desrgn (CAD) applrcatron program marketed by Computer
' - Foundatron, South Afnca .




CHAPTER ONE - INTRODUCTION
“Devices designed to gain information efficiency paradoxically produce conflict,

anxiety and investment uncertainty” B.J Cullis (1994)

1.1 OVERVIEW

Geographical Information Systems (GIS) are yet another one of the technological

_innovations of the 20th century. As with many similar technologies, especially those

related to computing, much debate exists relating to their overall value and

effectiveness. Information Technology (IT) is even seen as creating value through

- rapid access to information, whilst simultaneously destroying profits due to the high

costs of added infrastructure, training and employment of computing specialists (Hitt
& Brynjolfsson 1994). It is from this apparent contradiction and many other similar
doubts surrounding the success and justification of IT and GIS that this research has

been approached.

There are many ways of evaluating these technologies in .isolation, usually in technical
terms (Campbell & Masser 1995). How_evef to evaluate their true worth and overall
effectiveness, these technologies need to be seen in their intended environment or
context. In the case of GIS this invariably implies the context of an organisational
structure. The study of IT has evolved from the computer science disciplines with
roots in mathematics and systems theory to an emerging discipline that draws strongly
on organisational and behavioural sciences as well (Miller 1989:5). This wider view of
the effectiveness of technology needs to be studied as a system involving the

technology itself and its interrelationships with the organisation.

GIS forms a subset of the wider field of Information Technology, where the term
Information Technology refers not only to the technical innovation of 'vthe hardware
and software, but also to the complex methods and knowledge that go with the
innovation that link them together as systems. The operations of the organisation and

business also exist as systems whereby resources are transformed and processed from




an external environment via an internal environment of the organisation and returned
to the wider external environment. It follows that for any level of performarnce to be
achieved, these transformations need to be optimised to be both efficient and effective.
This study takes a holistic view of effectiveness of GIS in a municipal organisation,
both in terms of the broad definition of effectiveness and the concept of GIS as an

overall system rather than as an individual application.

The author _has observed over a number of years that many organisations have
embarked on lengthy and costly GIS implementation projects without knowing how to
measure the overall effectiveness of these actions. It is the author’s opinion that this is
mostly dﬁe to a lack of suitable effectiveness measures applicable to GIS and a lack of

understanding of the organisational influences on overall effectiveness.

In South Africa, as in many other countries in the world, GIS has found application in
municipalities and other local government structures. The larger structures have had
the opportunity to work with GIS technology over the last ten to fifteen years and
usually have the internal resources to actively manage such systems. However smaller
municipalities, although having seen a need for GIS usually do not have the insight or
the resources to manage the technology, thereby raising questions as to its overall

effectiveness.

In an attempt to study the question of GIS effectiveness in a small local authority, a
case study was undertaken at the Ceres Municipality. ‘This organisation was chosen
since it represented a small organisation grappling with change and experiencing many
of the uncertainties of IT and GIS mentioned thus far. The author also had the benefit
of working closely with staff at various levels of the municipality over a number of

years on GIS related projects.

In this chapter the background to the research and the basic definitions of Information
Systems effectiveness are presented. From this the research questions are framed,
followed by an overview of the structure of the thesis and the assumptions and
limitations of the work. The chapter concludes with a summary of the contributions to

be made by the research.




1.2 EFFECTIVENESS AS A PERFORMANCE MEASURE

- The concepts of efficiency and effectiveness are common measures of performance
used in many fields. Efficiency is concerned with the process of transformation of
inputs to outputs and to what extent this process is optimised (Worrall 1994). Miller
(1989:11) citing Drucker refers to efficiency as “doing things right”. Effectiveness on
the other hand is “doing the right things” and refers to optimising policies and
decisions, i.e. “was the decision right in the first place ?” Efficiency is therefore an
operational issue whereas effectiveness is concerned with strategic issues.
Furthermore, effectiveness encompasses the concept of efficiency — consequently it
can be argued that an effective organisation is efficient but an efficient organisation is
not necessarily effective. Efficiency and effectiveness overlap, but effectiveness

.emp'hasises benefits, and efficiency emphasises costs (Miller 1989:11). Cost Benefit
Analysis (CBA) is discussed further in Chapter Two and analysed for the Ceres case in
Chapters Three and Four. From the point of view that effectiveness is a strategic
measure, the case study has been approached from a holistic view of the organisation

- and it will be argued that for GIS to be a truly effective tool it needs to support and be -
supported by the overall organisation’s reasons for existence and survival — in other
words the organisation’s strategic goals and objectives. From this a Strategy
Alignment measure of GIS effectiveness is presented in Chapter Two and is further

analysed in Chapters Three and Four dealing with the case study.

1.3 THE RESEARCH QUESTIONS

The research is exploratory and inductive in nature. It is therefore not possible to
determine the validity of predetenhined hypotheses. Consequently, the hypotheses

have been framed as a set of four questions to develop the research. These are:

i How effective is GIS at Ceres Municipality ?
The terms success, failure, efficiency and effectiveness are often used to
describe GIS installations. These are usually subjective indicators, that are not
easily quantifiable, and their definitions are vague. An understanding of

effectiveness variables is required to assist the management of GIS at Ceres




iv.

Municipality. Once these variables have been identified, a form of

quantification is required. This leads to the second question:

What are appropriate measures of GIS effectiveness for this type bof
organisation ?

Measures of effectiveness, whether they be absolute or relative are essential for
monitoring and gauging progress of any process. However the uniqueness of
each organisation demands a unique set of effectiveness meésures best suited
to the particular circumstances and the problems at hand. Even if the measures
cannot be eaéily applied, knowledge of their existence can provide an

awareness of the variables that come into play.

Are existing Information Systems (IS) effectiveness measures applicable
to the field of GIS ?

Various measures of effectiveness have been developed for the fields of
Information Systems (IS) and Management Information Systems (MIS). Since

GIS can be considered as a special case of an information system, these

- effectiveness measures, possibly modified, could be applicable to GIS cases.

What organisational issues influence GIS effectiveness ?
GIS often falls short of users’ and management’s expectations. Often the -
reasons are not technibal But organisational in nature. A better uhdérstanqmg
of these organisational issues and their influence on the effectiveness measures
can provide GIS managers at Ceres Municipality with more insight into their

GIS effectiveness.

In attempting to address these questions, the research examines the relevant literature

relating to effectiveness measures in the ﬁelds of Information Systems (IS),

Management Information Systems (MIS) and Geographical Information Systems

(GIS). This is presented in the literature review in Chapter Two. Thereafter Chapter




Three deals with thé background, research methodology and data collection for fhe
case study of GIS effectiveness at the Ceres Municipality. Chapter Four contains the
detailed analysis of the data collected and includes Cost Benefit Analysis (CBA),
Systems Utilisation, Strategy Alignment as well as a discussion of the organisational
issues affecting the research questions. Chapter Four concludes with a proposed
Overall GIS Effectiveness Model and a diséussion of its_applicability to other
organisations. Finally Chapter Five contains conclusions and recommendations.

Detailed data, strategy documents and questionnaires appear in the appendices.

" 1.4 ASSUMPTIONS AND LIMITATIONS

For the purposes of this research, only. the organisational and social issues relating to
GIS effectiveness have been investigated. All technical issues, with the exception of
certain aspects of the cost benefit analysis, have been ignored as being beyond the
scope of the study. This however does not imply that technical issues do not have a
bearing on the research questions. It is further assumed that the technical capacity and

~ capability is in place.

1.4.1 POTENTIAL BIASES

There are a number of potential biases in the research. These are:

1) Single Case _
The study involves a single case, which has been observed and analysed. The
results are therefore not generalisable to other cases but should only be seen as

indicators for other cases.

ii) Sample Selection _

The case study research material was obtained by interviews and discu_sSions
with individuals in key positions in the case study organisation. It is assumed
that these key personnel were the most qualified to reply to the research
interview questions. This does not preclude other personnel having poténtial

insight into the research issues.




iii) Sample Size

The study involved a limited number of participants. This was due to the small
size of the organisation and the limited number of employees either directly or
partially involved in the GIS implementation. The nature of the study places less
significance on sample size with more emphasis on in—dépth, qualitative

assessment of an organisation in its working context.

iv) Interviewer Bias |

Possible preconceived ideas of the author may have biased the results in that
they may have influenced the manner in which the interview questions were
phrased and directed. These inﬂuences were reduced as far as possible but due
to the subjective and qualitative nature of the case study methodology, certain

biases may still exist.

v) Implementation Solutions .

The aim of the case study is to explore possible eﬂ'eétiveness measures
applicable to the field of GIS. No attempt is made to address the GIS
implementation issues facing the case study organisation. Some explanations,
proposed solutionvs and courses of action have been mentioned. However,
detailed solutions relating to implementation problems are beyond the scope of

this study.

1.5 CONTRIBUTIONS OF THIS RESEARCH

Many GIS installations are only partially successful and do not generate the required
returns on investment due to management, planning and implementation short-
sightedness. The research and identification of possible measures of GIS effectiveness

~can be L_lsed to assist the implementation of other GIS projects.

This research makes an empirical contribution to. GIS Management theory in that it
investigates appropriate effectiveness measures and the organisational issues that
influence GIS effectiveness in a South African local authority. Specifically, the

research intends to make the following contributions to the established theory of GIS.




o Identify effectiveness measures appﬁcable to GIS.
. Apply established IS and MIS theory of effectiveness to the field of GIS.
. Develob an Overall GIS Effectiveness Model |
e Examine and test the applicability of these measures empirically by means of a
case study. | | |

e Identify areas for further research.

In the next chapter a literature review of established theory and previous work related

to IT, GIS, organisations and effectiveness is presented.



- CHAPTER TWO - LITERATURE REVIEW

2.1 INTRODUCTION

In order to more fully understand the dimensions of GIS effectiveness and to attempt

to apply measures of effectiveness, a holistic view, encompassing an understanding of

organisational and technological issues relating to GIS effectiveness is needed.

This chapter introduces GIS as a subset of Information Technology (IT). Thereafter

the inter-relationships between Organisational Culture, Organisational Strategy and

the manner in which IT in general and GIS are accommodated within the organisation -

are discussed. This includes the topics of data sharing and the role of information in

the organisation. Finally the factors surrounding GIS diffusion are reviewed leading to

possible measures of GIS effectiveness, some from GIS literature and others adopted .

from IS and MIS theory.

As stated in the ihtroductory chapter, IT and consequently GIS are broad disciplines

encompassing applied sciences such as computer science, as well as social sciences

such as behav10ural and orgamsatlonal studies. The research questlons deal with GIS '

- effectiveness measures and their interrelationship with organisational issues. In order
to review GIS as a technology, the following short description of Information

Technology (IT) and Geographical Information Systems (GIS) is presented.

2.2 INFORMATION TECHNOLOGY (IT)

,C.omputer -based systems are a subset of technologies that should be viewed as

packages which include hardware, software, data, people and techniques (Campbell &
Masser 1995). Computer based technologies such as Informatioh Technology are
.distinguished from mechanical technologies by their pfogrammable nature, allowing
them to be continuously redésigned' ahd programmed (Campbell & Masser 1995,
Sproull & Goodman 1990). B



These definitions of IT raise two important issues relating to computer based
technologies which have effectiveness implications. The first is the often intangible
aspects of computerisation i.e. electronic storage, calculations and data transfer. In

contrast to mechanical systems these functions can be difficult to perceive and

quantify.

The second relates to the potential for change, both in the speed of processing as well
as the development changes to the equipment and methods themselves. This need for
change and the management of such change has enormous implications when viewed

in an organisational context.

2.2.1 GIS AS A TECHNOLOGY

Geographic Information Systems (GIS) are a special case of the Information
System (IS) dealing speciﬁcally with the spatial component of data and can be
defined as “A computerised system for the collection, storage, manipulation and

dutput of information that is spatially referenced” (Obermeyer & Pinto 1994).

Many definitions have been proposed for GIS. However, the 6verall systems
environment encompassing GIS makes a precise definition difficult, if not
impossible. The boundaries of GIS are vague and subject to change and the
environment into which GIS is being introduced is also complex and changing
(Worrall 1994). A user’s definition will very often fit their particular user
pérspective, which may only be a small portion of an all-encompassing system.
An example being a particular individual or department viewing the GIS from a
software only perspective, and often heard statements such as “We have an
ArcInfo GIS” or “We have a Maplnfo GIS”.'

GIS should therefore always be seen in its broadest context ranging from the
technical aspects such as hardware, software and data through to organisational
aspects such as user attitudes and perceptions, the organisational structure and
culture. It is this wider, all encompassing viewvof GIS technology, which needs

to be considered when attempting to investigate effectiveness issues.
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2.3 ORGANISATIONS

Since GIS invariably occurs within the context of an organisational structure, a review
of the theory of organisations that is relevant to the research questions is presented
here. This includes the topics of organisational culture, strategy and information

sharing. These topics were used in the case study analysis in Chapters Three and Four.

In GIS studies, the unit of analysis is seldom an individual pérson and is most likely to
be a group 6f people, or-an entire organisation. - The definition of its systems nature as
well as its definition as a téchﬁology places GIS ﬁmﬂy in the organisational context
with its associated complexities. Cullis (1994) defines an organisation as “A stable
system of individuals who work together to achieve common goals through a

hierarchy of ranks and a division of labour” ‘

Technical know-how is often more highly pﬁzed than orgﬁnisational sensitivity and
GIS research has been dominantly of an operational and technical nature. An
understanding of the organisational context is therefore crucial to successful GIS
_implementation. Within the organisation, with its many complexitievs‘ and ‘_va',st array of
variables, is the individual Which is the most important variable to consider (Campbell
& Masser 1995). “

Handy (1993) describes organisations as “first and foremost a fascinating collection of
people.” It is these people that make up the organisation, each with their individual ,-
attitudes, beliefs and culture that shape the organisation and influence its adoption,

implementation and utilisation of technology.

The ovém'ding ‘message found in all the literature relating to organisational thedry was
the complexities involved and the massive variations in approaches to understanding of
- the organiSétiOn. The effectiveness of individual Information Systems and the total -IS
function only has meaning to the extent that IS contributes to the effectiveness of the
organisation as a whole. Miller (1989:27), citing several sources dis_cuSses.the lack of

effectiveness models applicable to the theory of organisations and concludes firstly, o
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that it is futile to search for a single overarching theory of effectiveness that is
applicable to all organisations and secondly, that the criteria for effectiveness can vary
depending on the stage of growth, level structure, values and attitudes prevailing in
the organisation. The role of individual attitudes and how these can shape behaviour
are discussed in more depth in section 2.5.5 dealing with systems utilisation. The
concept of values is determined largely by the organisational culture, which is

discussed in the following section.

2.3.1 ORGANISATIONAL CULTURE

Management studies ofteﬁ refer to organisational cultures and how these
influence the overall organisation. The author’s previous experience with
municipal organisations and work by others (Campbell & Masser 1995,
Obermeyer & Pinto 1994) has indicated that the prevailing culture of an
organisation has an influence on GIS effectiveness. The analysis of the Ceres
Municipality case in Chapters Three and Four includes a brief analysis of the
prevailing culture and its influence on GIS effectiveness. A short review of the

concepts of organisational culture follows.

The concept of organisational culture is difficult to define but well put by
Campbell & Masser (1995) citing Deal and Kennedy (1982) as “The way we do
things around here”. Hirscheim (1985) states that office cultures are not rational
nor manifestly rule following. They are secia.l arenas where power, ritual and
myth predominate. The organisational culture can be seen as being made up of
“tangible and intangible aspects, the tangible being resources such as financial,
manpower and skills together with the intangible aspects such as values, beliefs,
ethics, morals, privacy, confidentiality and professionalism. How outsiders
perceive the organisation would also contribute to this culture. The organisation
culture therefore features strongly in the micro environment of ‘the business
entity model. Campbell & Masser (1995:18) mention how organisational studies
should be seen as a form of historical analysis : “A process of uncovering
“traditions and rituals that have resulted in a particular style of working best

described as a culture.”




Campbell & Masser (1995) citing work by Handy (1993) define four dominant
cultural types as power, role, task and person cultures. These are . shown in
Table 1.

Table 1 - Cultural Types (Iiandy 1993 in Campbell & Masser 1995)

CULTURAL TYPES
POWER ROLE . TASK PéRSON
Dominated by Based on logic ' Team based Serves the
powerful head and rationality individual
Absence of Dominated by Getting things Organisational
formal structures ruies and done without goals are
procedures control from the | secondary

top

Willingness to

_folldwvlead of

Conformity and

predictability

charismatic

central figure

Munshi (1996) describes Organisational Paradigms pléced along a single
dimenéion according to their extent of rational choice. These are from the lowest
level to the highest, Neohumanism, Social Relativism, Radical Structuralism and
Functionalism. Functionalism is characterised by a higﬁ deg'rée of order and
objectivity, making optimal decisions through objective and scientific means.
~ Radical Structuralism alldws for managers and workers to each have their own |
separate agendas. Social Relativism and Néohumanism empha.sise subjectivé
experieh_ces- of individuals with varying degrees of 6rder and conflict. In these
situations individuals are working toward company objecﬁves but in their own

way. In Neohumanism, divergent individual goals create conflict.
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Although every organisation should be seen as unique it is possible to define
“cultural types. However to attempt to put any organisation into an exact
category of cultural type is unwise due to the uhiqueness of each organisation.
The Handy (1993) definition in Table 1. provides a good set of broad categories,
showing the large cultural varations that can exist within an organisation.
Similarly the description of paradigrhs proposed by Munshi (1996) is meant to
assist with the understanding of organisational culture in a broad sense. It is the
author’s opinion that the complexities of the real life situation within an

organisation make the application of single paradigms impossible.

2.3.2 ORGANISATIONAL STRATEGY

One of the GIS effectiveness measures used in the case study in Chapters Three
and Four is that of Strategy ‘Alignment which is a measure of how closely GIS
strategy is aligned with IT strategy and overall business strategy. In order to
more fully understand the origins of this effectiveness measure, a review of the
' concef)ts of organisational strategy and its relevance to the research questions

follows.

It is the author’s view that the organisational strategy forms part of the overall
organisational culture in the sense that the attitude and approach to the concept
of strategy will be largely determined by the organisation’s prevailing culture. In
the case of private sector organisations, a large percentage of strategy can be’
termed. competitive strategy rooted around the business principles of maximising ’
benefits to shareholders. In the case of public sector organisations such as local

government, strategies are less competitive and more service oriented.

Business strategies of public sector organisations, although largely
uncompetitive still have a role in the functioning and direction of these

organisations if they are expected to function effectively.

Talvakolian (1989:310) uses the typology originally developed by Miles and

Snow (1978) to identify the basic competitive strategy types of organisations as
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defenders, prospectors, analysers and reactors. These can be summarised as

foll_ows :

A defender is seen as an organisation with

L conservative competitive strategy '

° no new product development

e  centralised decision making

° autocratic management style

. activities structured around basic business functions

° orientation toward efficiency (cost saving) .

A defender therefore relies on centralised control in a bureaucratic organisation o

to ensure both high quality and low prices for its products.

A prospector in contrast is seen as an organisation with
. aggressive competitive strategy
e pioneer in products/markets |
o decentralised decision making
o participative managernent
o activities structtlred around product/market divisions

. orientation towards effectiveness (profit-making)

A prospector therefore has a decentralised control structure with minimal

bureaucracy to rapidly adapt to change.

An analyser is seen as an orgamsatlon moderating between the extremes of the
defender and the prospector. i.e. ‘

0_ moderate c0mpet1t1ve strategy

° balance between changes and stability

. balanced decision making structure

° matrix form of organisational structure

. combination of efficiency and effectiveness -



15

A reactor has no distinct competitive strategy, makes decisions in a random

fashion and its actions are taken as reactive rather than proactive.

Tavakolian (1989) found that IT structure is strongly related to competitive
strategy and specifically that the degree of centralisation of IT activities is
significantly related to competitive strategies. He further speculates that a
conservative competitive strategy exerts pressure for the centralisation of IT
responsibilities, while an aggressiife competitive strategy exerts pressure for the
decentralisation of IT responsibilities. The effect of degree of centralisation
features strongly in IT effectiveness studies and can therefore be assumed to be

an important influence on GIS effectiveness.

GIS should ideally be fully integrated within the IS/IT infrastructure of an
organisation and be strongly linked to the organisation’s business strategy and
not be seen in isolation (Worrall 1994, MacDevette 1990). GIS has a role to
play in not only being included in the overall business & IT.strategy planningv but
also in providing the information re(juired for the strategy decision making
process (Obermeyer & Pinto 1994). Recent studies such as Worrall (1994),
Campbell & Masser (1995), héve shown that very few local authorities and
departments have corporate business plans in place thereby putting any top-
down implementation plan in jeopardy. MacDevette (1990) suggests that many
organisations do not fully understand the nature of their business, thereby

making strategic planning difficult if not impossible.

Meador (1997) stresses the need to “Align Information Technology with

Competitive Strategy”. The aﬁgnment approach is based on the common sense
| premise that the effective use of IT requires consistency between competitive
strategy and IT strategy. Meador (1997) concludes that the most effective and
sustainable examples of IT use occur when IT is woven into the very fibre of the

organisation.
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In the case of public sector organisations such as the Ceres Municipality
analysed in this study, the role of strategy in the overall organisation’s function
is taking on a new significance. It is the author’s opinion that whereas in the past
such organisations could be classified as reactors which were uncompetitive and
largely sustainable with little or no strategy, they now need to function more
along the lines of business units and apply business principles in order to be
sustainable. Examples are the privatisation of municipal services where local
authorities may need to compete with private enterprise for the income derived
from these services. For example, the changes in legislation regarding the supply
of electricity and the formation of the National Electricity Regulator (NER) has
forced local authorities to look elsewhere for sources of income. Previously they
were able to resell electricity at high profit margins where this income formed a
large percentage of the organisation’s income. The role of strategy and
competitive strategy is therefore significant for the future of these organisations
and the established theory applicable to private sector organisations discussed
above can be expected to be more and more applicable to municipal

organisations.

The literature provides strong evidence for the alignment of business strategy
with IT strategy (Meador 1997, Talvakolian 1989), and for links between GIS
and IT strategy (Worrall 1994, McDevette 1990, Campbell & Masser 1995). It

can therefore be argued that GIS effectiveness is strongly dependant on a formal

_implementation strategy and the alignment of this strategy with the

organisation’s IT and overall business strategies. Strategy alignment as a

measure of GIS effectiveness is discussed further under section 2.5.2

ROLE OF INFORMATION IN ORGANISATIONS

The role of information in an organisation and the Information Age in general
has become crucial to the survival of organisations (Toffler 1980), to facilitate,
enhance and accelerate strategic execution and as an aid to the decision making
process (Meador 1997).
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Meador (1997) suggesfs that the traditional view of IT in the organisation is
largely reactive — that is a response to existing strategy and business process and
that the perspective of IT as a strictly support function for business strategy is
becoming increasingly outdated. A more sensible approach would be to position
IT in a pro-active role where strategies should be challenged, extended and
perhaps modified in light of emerging technologies and applications (Meador
1997). Business should be seeking ways to exploit IT to-transform their basic
business. This “Business process reengineering” (BPR) is a radical, IT based
redesign of workflows and processes within and bétween organisations (Shabana
1996).

Campbell & Masser (1995) describe the role of information as playing a pivotal
role between the problem situation and the course of action required, where

information is used as the ammunition in the decision making process.

Ammunition
Problem Search for N Course of
Situation ::> Information L___> Action
pivotal -role

Figure 1 - Information as ammunition (Campbell & Masser 1995)

This view of computerisation supports bureaucratic rational decision making of
strict, well-defined rules and procedures since computers can reinforce and

emulate these rules and procedures. In contrast to this rational and systematic

view of information supporting the decision making process, other studies have

suggested that information and consequently IS and GIS have a more symbolic
than substantive role to play (Feldman & March (1981) quoted in Campbell &
Masser (1995)). Often organisations are forced to analyse whatever information
is available, often making “seat of the pants” decisions based on past experience

or gut instinct (Obermeyer & Pinto 1994).




These views see information as only a small part of the decision making process

with other equally important forms of knowledge such as experience, expertise,
beliefs, values and perceptions playing major roles. This perspective therefore
views intuition and emotion as the key underlying factors in the decision making
process. These two contrasting views of the role of information highlight the
complexities of IS in organisations and how the organisational culture discussed
under 2.3.1 influences the role of IS according to tradition, values and

- perceptions.

2.4 GIS DIFFUSION

2.4.1 INTRODUCTION

The development of GIS:in an organisation is a long and ongoing process and
consequently the effectiveness of GIS can be viewed in many different ways
depending on the intended goals and objectives of the system. These views of
effectiveness can be applied to the functional levels within an organisation
namely strategic, managément and operational and can be measured at the three
phases of system develdpment, namely the adoption phase, the implementation

phase and the utilisation phase.

GIS Diffusion is seen as an umbrella term encompassing all the complex and
interfelatcd -processes responsible for the transfer of technology to the larger
sections of the organis;ation (Campbell & Masser 1995:4) and is shown in figure
2. This diffusion can be seen as a time dependent and cyciica] process starting
with the initial awareness and adoption of the technology, through the

implementation, to the routine usage stages.

The activities at the adoption end of the scale tend to be influenced by external

(macro environment) factors such as the influence of system vendors and the
adoption of systems in other similar organisations. Those at the utilisation end
tend to be influenced by internal (micro environment) factors such as staff

attitudes to using the technology, levels of stafﬁng and training.
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A~~~

Awareness Adoption

Implementation | Utilisation

Routinisation Outcome
A

Figure 2 — GIS Diffusion (Campbell & Masser 1995).

The extents of these stages are shown in Figure 3. They are: i) The extent of

adoption equating to the user realisation of potential of the system, and ii) The
extent of implementation equating to the user realisation of utilisation (Campbell

& Masser 1995).

EXTENT OF ADOPTION = USER REALISATION OF POTENTIAL

EXTENT OF IMPLEMENTATION = USER REALISATION OF UTILISATION

INITIAL AWARENESS.......... IMPLEMENTATION........... ROUTINE USE

—> | —

Figure 3 - Extents of adoption & impleinentation (Campbell & Masser 1995)

-

The terms “adoption” and “implementation” are often used to describe GIS

installations. However their pfecise definitions are required to distinguish the

distinct phases to which each pertain. Cullis (1994) defines adoption as “The

decision to continue full use of an innovation” and implementation as “The

assimilation of the technology within the ofganisation as an operational routine”.

These provide a simple model of expectations vs. reality and of initial

perceptions vs. final utilisation.
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2.4.2 ISIMPLEMENTATION PERSPECTIVES

Campbell & Masser (1995;26), identify three perspectivés of computer based

technology implementation in  organisations. These are Technological

Determinism, Managerial Rationalism and Social Interactionism. The main

points of each can be summarised in point form as follows.

Technological Determinism (T.D.)

Main emphasis on technical worth of innovation ie. that the
advantages of computer based innovation are so obvious that the
implementation is a mere technical process.

Human and organisational issues are largely overlooked with the most

important quality being technical competence‘.

" Based on an’utopia'n view of technological developments i.e. that it is

inevitable that such developments will be extensively adopted.
Assumes that adoption and acquisition automatically implies utilisation.

Assumes that the organisational context is irrelevant.

Introduction of technology motivated by desire to correct operational

weaknesses and improve organisational effectiveness.
Assumes that introduction will automatically - improve working

conditions,

 Effective utilisation depends on users (or potential users)

comprehending the benefits of the technology.

Implications for GIS - This overriding emphasis on technical issues leads to

situations where decisions regarding appropriate products and overall strategy

are left to technical specialists who then go on to dominate the strategies. .
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This often leads to advanced, technically powerful systems with no regard for
the organisational context. This perspective therefore assumes the narrow
conceptualisation of technology as a set of machines and methods in isolation to

the organisational context.

Managerial Rationalism (M.R.)

e  Innovations are not expected to be used solely for their inherent
technical potential but rather to follow management strategies. |

o Effective utilisation results from a combination of rational management
-and technical competence. '

. Assumes that individuals in organisations act rationally and follow fhe
lead of management. Personal goals are secondary to achieving the
goals of the orgahisation. |

e - The introduction of new technology needs to be managed and co-
ordinated to yield its full potential to the orgahisation.'

o A cookbook method of systems implementation is applicable i.e. where

all the ingredients are collected and a set recipe is followed which will .

aﬁtomatically lead to a well utilised system. In the case of GIS these

- ingredients are still seen as largely technical.

Implications for GIS - Most GIS_ implementation studies focus on the
Managerial Rationalism perspective and are often done by péople with
managemeht consulting experiehce. The corporate approach discussed in 2.4.3

is the epitome of Managerial Rationalism.

Secial Interactionism (S.1.)

Technological Determinism - and Managerial Rationalism perspectives are

theoretical conceptions of how organisations ought to operate. In contrast, the

Social Interactionism approach attempts to :
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o Understand the social political realities of organisational life.
o Identify cause and effect relationships with implementation of IS.
o Accommodate confusing and contradictory experiences with IS e.g.

- Centralising and de-centralising authority
- Creating and des-tro'ying employment
- Theoretical potential vs. practical realisation
- Trade off between costs and benefits
o Understand how the outcomes of IS implementation using the same
technology can vary considerably, thereby pointing to the study of
- organisational issues. Long (1987) as cited by Campbell & Masser
(1995), foﬁnd that in studies related to office automatipn, 90% of the
failures related to organisational issues and the remainder to technical
issues. , |
o Identify the organisational boundaries. In contrast to the M.R.
approach, which is largely a top down strategy approach, the S.I.
approach sees the organisation as being full of strategists at various
levels in the organisation. |
. - Explain why individuals seldom respond to change as laid down by
formal strategies. This occurs wh’ere"sta.ﬁ’ members put their personal
" needs and benefits of GIS ﬁrst,lthereby putting the overall needs and
benefits of the organisation secondary. These individual strategies can
include personal stafus, promotion, job description and counter

implementation strategies.

e Manage change with cognisance of scepticism and anxiety, factors

which can often lead to failure to appreciate technology.
e Account for the symbolic value of new technology as being crucial to
adoption and utilisation.

o Address and measure perceptions and beliefs of technology.

Im'pli_cations for GIS - The S.1. perspective is new to the field of GIS. Most
strategies found for implementation have focused on the purely technical or -

traditional management approaches. The S.I. perspective therefore offers a new
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and possibly more mearii‘ngﬁ.nl ‘approach to GIS management with emphasis on

the individual.

These perspectives provide the conflicting paradigms of how implementation

should work in theory i.e. the M.R. approach, compared to how the real

organisation works in practice i.e the S.I. approach.

The implementation perspectives relevant to the case study are explbred and

analysed in Chapter Four

243

DEGREE OF CENTRALISATION

Campbell & Masser (1995:34), make definite distinctions between the corporate |
and the departmental or separate systems development approach to GIS
implementation in local authorities, and discuss these in relation to the T.D, -

MR and S.I implementation perspectives.

The supporters of corporate approaches have used three main arguments to
support their theories — firstly the data sharing benefits, secondly the
standardisation of resources and thirdly the top down management approach of

enforcing corporate strategies and change on the entire 6rganisatiori.

The implementation of an IT structure may be seen as threatening to managers
(MacDevette *1990). Individuals may also feel under greater scrutiny and
supervision and may resort to counter-impiemeritation strategies such as

prolonging implementétibn or undermining the system or other individuals. The

case studies undertaken by Cémpbell & Masser (1995) in the United Kingdom

found that an effecti?e‘ classically corporate implementation of GIS as per the

- traditional M.R per)spe,ctive of implementation is often envisaged but seldom

realised and is extremely rare in practise. By contrast the separate Systems

'app_r'oach has the benefits of reinforéing the independence, sensitivity and

individual capabilities present in any organisation and offers advantages to

achieving utilisation.
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Campbell & Masser’s (1995) research findings support the S.I. perspective of
GIS implementation, with its recognition of complex human behavioural aspects,
and provides support for the development of separate systems as opposed to the

classically corporate approaches favoured by the M.R. perspective.

. Campbell & Masser (1995:101), identify five stereotype styles of systems
- implementation from case studies in the United Kingdom. These are shown in

Table 2.

Table 2 - Organisation Stereotypes (Campbell & Masser 1995)

Small staff

Paternalistic Personal contact between departments
"Family" disagreements '
Central IT specialists direct GIS

Larger organisations
Conforming Adolescent Departments fund & develop corporate GIS
Experience limited - left to tech. specialists

» Large Administration$

- Rebel Adolescent Number of key departments with own expertise
| Departmental GIS alliances or go-it-alone
Mavericks '

Departments With new-found independence
Newly.Independent ‘| Breakaway from one Qf the above
' | Departmental GIS develops

Introduction & development of GIS by single
Fiercely Independent - | department '
Driven by individual or department impetus -

In support of the shift from corporaté to smaller departmental GIS are the
emerging changes in GIS products with a shift to lower cost, desktop mapping
GIS products (Worrall 1994, Tanner 1995). These smaller bsystems can be
chosen for their specific strengths to suit a particular application or department

and are usually PC based.
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Recent business trends to establish smaller autonomous business units have
tended to accelerate the process of fragmentation and make local authorities less
corporate (Worrall 1994). The implementation of corporate systems in local
authorities is further problematic due to funding issues since budgets are

controlled departmentally (Worrall 1994).

A more recent development in business is the concept of outsourcing whereby
organisations enter into management deals with outside companies to manage
~ their IT requirements. The possible rise of GIS being offered as a bureau service

can be expected to occur and influence the cost benefit equation (Worrall 1994).

The corporate approacﬁ views data and information as a corporaie resource to
be shared throughout the organisation. This assumes less duplication of effort in
the capturing, storing and updating of the data. This immediately poses the
question “Do organisations' or individuals really want to share information ?”

(Campbell & Masser 1995:42).

2.4.4 DATA SHARING

In practise the logic of data sharing is likely to result in politicél, economic and
practical hurdles when faced with the realities of organisational life (Campbell &
Masser 1995:43). These range from practical problems such as access via
networking and infomlati'o.n acquisition in a form immediately useable by non-
technical specialists. Political hurdles'are presented by ownership, and confrol
- of information and consequently the distribution of power. All these issues‘can

be expected to have an influence on GIS effectiveness.

Obermeyer & Pinto (1994), draw on established theory of Taylorism and of
' Webeﬁan concepts to explain subdivisions within organisations, with resulting
fragmentation of data. The Taylor theory involves the establishment of tasks
with specific functions and information and data essential to the task. Weber’s
theory of bureaucracy recognises the role of the professions in the organisation.

These professions possess a body of knowledge, which is closely guarded.
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Particularly in the case of highly technical fields, the master often must defer to
its mox;e knowledgeable servant (Obermeyer & Pinto 1994: 104). This has
'parallelv's with the _Iéchnolbgical Determinism perspective proposed by Campbell
& Masser (1995) where implementétion is driven and controlled by the technical

specialist.

Obermeyer & Pinto (1994) provide an overall information-sharing mode! with
six antecedents as determinants of whether sharing will take plaéé. The
consequences of information sharing'are seen to be Efficiency, Effectiveness and
Improved decision making and are shown in Figure 4. Information sharing is

therefore seen as a key determinant of GIS effectiveness.

ANTECEDENTS CONSEQUENCES
Superordinate ‘ :
oot Efficiency

Bureaucratisation
Rules & Procedures

Incentives Inform.ation Effectiveness
Sharing :

Accessibility .

Quality of

Relationships

' |Resource Scarcity

Enhanced
Decisions

Figure 4 - Information sharing Model (Obermeyer & Pinto 1994)
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2.5 GIS EFFECTIVENESS MEASURES

“..it has rightly been an objective of MIS research for at least two decades to
determine the economic role of MIS. Today information system effectiveness continues

to occupy the highest priority of the MIS research agenda” (Munshi 1996).

2.5.1 INTRODUCTION

The complexities and often highvcost of IT implementation place it high on the
enterprise’s list for constant evaluation and measurement. Crohje, Nepland,
Hugo and van Reenen (1987), refer to the “Control” phase of management as
.“Getting planning and performance to coincide”. This is a continuous cyclical
process; on the one hand it is the last step in the management task, on the othér
it is the starting point for planning and further strategy development. IT has
become one of those technologies that are difficult to justify yet impossible to do
without. One of the haunting problems facing IT management is how to justify
such systems and how fo measure systems quality and success factors such as
cost, beheﬁt, effectiveness, performance acceptance and useﬁxlness,' to mention

buta few.

Definition :

Effectiveness is considered to be a measure of the impact of policies and
programs while efficiency is geéred to inaxinlising the ratio of outputs to inputs
(Worrall 1994). Consequently efficiency benefits are more capable of being

measured than effectiveness benefits.

Effectiveness can be measured at any stage of the diffusion model viz. Adoption, -
Implementation or Utilisation stages. However GIS practitioners often imply
“success” when in fact they mean adoption success or implemehtation success.
A distinction needs to be made between corporate accjuisition decisions and the

user’s decisions to use the acquired technology (Cullis 1994).

The unit of analysis in any such effectiveness study is usually the organisation

but can be applied to the sub units within an organisation such as departments or
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individuals. This is supported by the finding of Campbell & Masser (1995)
relating to the importance of the individual and the support for the S.I.

_perspective.

Weill & Olsen (1995), refer to “Conversion Effectiveness” between IT and the
required productive outputs from the system. This conversion effectiveness was
found to be dependent on:

e Top management commitment to IT

° Previoﬁs experience with IT

. User satisfaction

. The turbulence of the political environment of the organisation.

When viewed prior to implementation, the concept of effectiveness needs to be
seen in terms of “readiness” (Worrall 1994), to adopt and implement a new
technology comprising a mix of organisational factors such as structure, culture,

staffing and existing practises;

There is a wide spectrum within which the concept of effectiveness may be
interpreted comprising a combination of quantitative and qualitative measures
used ranging from simple quantitative cost benefit analysis to psychometn'c.
measures such as user satisfaction, attitudes and beliefs. However, eﬁ'ectivenéss
may be extremely difficult to quantify due to the intervening and extraneous
variables (Miller. 1989, Munshi 1996) which are often much more powerful than
the information system itself (Munshi 1996). | ’

The following measures were identified in the literature as existing measures of
GIS or MIS effectiveness. The MIS measures may have possible applications in

the field of GIS effectiveness.
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2.5.2 STRATEGY ALIGNMENT

As a means of defining the specific ways that IT will be used within the
organisation, it is iniportant to measure the coinpetitive and technology strategy
issues facing the organisation, discussed under secti.on 2.3.2. One such measure
is~ that‘of Strategy Alignment which attempts to measure how closely IT
strategy, and by extension GIS strategy, are aligned with overall bﬁsiness

strategy.

Strategy alignment is measured at two distinct levels in. the organisation
corresponding to the strategic and functional levels of the management pyramid
(Cronje, Neuland, Hugo & Van Reenen 1987). This approach provides for .
measuring the long term, overall business strategies at a strategic level, the

medium term IT/GIS implementaﬁon plans as well as their mutual alignment.

Meador (1997) proposed three dimensions for assessing alignment of IT

strategies with overall business strategies. These are:

. Ends and Means - The extent to which the organisation can reach
its desired ends given existing IT capabilities.
° Time - The extent to which IT can respond to the pace of change in
| the organisation. Strategies need to anticipate the rapid technology
developments of the IT world. | |
. Objectxves & Values - Misalignment occurs when the objectlves
and values of the business are inconsistent with the objectives and

values of IT management.

Meador (1997) further suggests reasons why the traditional approaches to IT

planning are lacking,

° IT is not considered as a lever to change either the competitive

strategy or the underlying business processes. Although IT is a
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powerful tool, it is generally only considered after the general
themes of the business strategy have been developed. i.e. in support
~of the general themes instead of being used in actually shaping

them.

o Real benefit from IT comes from technology architecture not single
- applications. However, with traditional approaches architecture
becomes important only after it has been determined which
applications and data need to be supported. Examples would be the
emerging internet, intranet and e-mail architectures as IT solutidns

forming part of overall strategy.

Due to ihe broad and varying nature of organisations and their strategies it is
difficult, if not impossible, to define exact measures for determining strategy
alignment. At best, strategy alignment can be measured in terms of an awareness
of IT at the strategy decision levels of the organisation. This awareness should
view IT as most strategic when it is most mundane, having thousands of small
impacts through the organisation rather than Single- colossal, repeatéble
successes‘ (Meador 1997). These concepts can be extended to measure
alignmént of GIS strategy with IT strategy and/or GIS strategy with business
strategy. B

In the absence of measurable scales for strategy alignment in the litérature, and
for the purposes of this study, the following categories of strategy existence and

strategy alignment were developed.

Strategy Existence categories: _
Low:f ~ Formal strategies for business, IT and GIS are non-existent,
~ low awareness of the concepts of strategies.
Moderate:  Awareness of the concepts and needs of strategies exists.

Strategies exist in an informal, undocumented sense.
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Strategy Alignment categories:

"Low: No alignment between business," IT and GIS Strategies, No
reference by any strategy to any other strategy. i.e. the existence
of strategies without reference, inclusion or integration of the
others. |

Moderate:  Partial reference, inclusion or integration between the strategies.
. The references are mono-direbtional, for example where the
business strategy may include reference to an IT strategy or the
IT strategy includes reference to GIS strategy but the IT
: stratégy exists independently and contains no reference to
supporting the business strategy. A
—~High: = The strategies are highly integrated with bi_-directional

references.

The above-mentioned categories have been used in the strategy alignment

. analysis presented in Chapter Four.

2.5.3 FINANCIAL ANALYSES

These measures resort to pure financial and accounting terms using the business
enterprise model for value maximisation where MIS offers economic value and
- that the value exce_eds the cost (l\/flinshi 1996). The methods measure the costs
and benefits of a target system over time, compare potential return against some
established hurdle rate and then decide whether the investment is worthwhile. '
Four basic téchniques, with a number of variations exist. These are (Noble

© 1989):

e Payback period
. Retum on Investment (ROI)
o Net present value (NPV) ‘
- o Expected Value Analysis - A method which uSes probability and -

. weighted averages to estimate cost savings. -




These techniques, although very precise have various drawbacks, the most
serious being their inability to address subjective criteria and the difﬂéulties with
assigning_ value to intangible benefits (Worrall 1994). These ihtangibles can
include improved service levels, value of real-time information and better access
to information. Assigning value to benefits is complex and subjective and is

discussed further in the next section.

COST BENEFIT ANALYSIS (CBA)

CBA attempts to account for all costs and benefits by assigning monetary
magnitudes to what are often intangible and subjective items. Simple CBA
theory states that for a given installation a benefit/cost ratio can be calculated

according to the formula (Dickinson & Calkins 1988):

% (Quantity demanded) (Product Value)

Benefit/Cost =
Z (All costs of GIS Implementation)

Should the ratio be greater or eqtal to one, the GIS installation is justified.
Wilcox (1990) warns that CBA should at all times only be used as an indicator
of the best solution, since a system with a low benefit/cost ratio may have a large _
number of non quantifiable benefits which may provide an optimal solution.
Public sector organisations are obliged to take into account all internal and
| external aspects of their decision making whereas private sector firms may
choose to iénore certain external factors. For this reason, Smith & Tomlinson
(1992) suggest that straightforward CBA remains the best framework for

analysing GIS in public sector organisations.

However although CBA appears to be a useful management tool, it is difficult to
apply to GIS (Worrall 1994, Wilcox 1990, Dickinson & Calkins 1988).
Although many of the various costs are easily identifiable, the biggest limitation
of CBA is the meaningful definition of benefits. These are often intangible and
expressed in terms of “improved decision making”, “improved planning”, “better

access to data”, “improved sharing...”. Wilcox (1990:206), argues that all
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benefits can be assigned value using sufficient support information and sufficient
breakdown of the components factors. Statements of benefit such as “improved
decision making” are therefore not sufficient for justification of GIS without .

further breakdown and analysis.

Ih many caées CBA is applied as an act of faith instead of as a result of critical
evaluation and that the existence of formél cost benefit evaluation' would appear
to be the exception rather than the rule (Worrall 1994). The situation is further
complicated by cases where vendors and users overemphasise benefits while
underestimating costs to either sell produéts or to avoid fu&her scrufiny and
possible termination of GIS projects, théreby deliberately ihtroducing bias to the
CBA result. | g |
The basic_coSt benefit analysis model includes three assumptions. These are
(Dickinson & Calkins 1988:314) -

e The GIS products can be defined
e These products have economic value

. o This economic value can be measured

- Dickinson & Calkins (1988) identify three situations where the simple cost

benefit model assumptions are not met.

Case 1': the objectives of the GIS cannot be expressed as products

This is the situation where a GIS is used to improve a decisionfméking process.
The objeétives of implementing the GIS are fre'quently stated as improving the
décision—making process, reducing uncertainty, or reducing risk. The GIS
products in this case are responses to the ad hoc queries of the decision-makers.
Hénce, the outcome of the implementation is better perfbrmancé as a result of

better decision-making.
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Case 2 : The econohic value of one or more products cannot be measured

Many products from a GIS are inputs to a subsequent larger process with its
own product. The measurable value is valid only for the final product of the '
larger process. When a GIS product (or even the whole GIS itself) is an input, a

mechanism is needed to allocate the economic value back to individual inputs.

Case 3 : Implementation of the GIS affects the cost of existing products

In this case, the benefits of implementing the GIS are actually cost savings
within the existing system (i.e., reducing the cost of production at a fixed level
of output). Here, benefits are expressed as cost reductions or increased

performance.

Dickinson & Calkins (1988) propose two alternative approaches to supplement

the shortfalls existing in the basic CBA model. These are :

e Cost performance evaluation whereby potential cost savings are viewed
as benefits and not be included in the costing portion of the model.

. Representing non-quantified benefits by order of magnitude estimates
using estimates of the contribution of GIS to improved decision making.
Such estimates would by their nature include a large element of

uncertainty.

Smith & Tomlinson (1992) quéntify benefits due .to' cost savings in staff time
achieved by using GIS as opposed to producing existing manual information
products. A further finding was that implementation of CBA requires careful

definition and measurement of information products.

Wilcox (1990) suggests the development of homogeneous units of measure for

information products as well as methodology for optimising supply and demand.

Dickinson & Calkins (1988) argue that depending on the purpose and expected
-uses of a GIS, alternative forms of economic evaluation to simple CBA may be

more useful and realistic and suggest a more flexible approach to economic
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-

evaluation since the intangible benefits are often identified but not quantified and
thus excluded from many CBA evaluations. However these represent real

benefits which cannot be ignored.

In summarising the critiques of CBA, é.lthough it has been widely used for GIS
evaluation, it is difficult to implement and should not be seen as a “one and
only” measure of effectiveness. CBA should therefore only be used with due
cognisance of its limitations and in a flexible manner, possibly with other

measures of effectivéness. A GIS cost benefit analysis of the Ceres Municipality

is presented in Chapter Four.

2.5.5 SYSTEMS UTILISATION

The systéms utilisation measure is based on thé principle that if the system is
being used it must be effective and the more it is used, the greater the
effectiveness (Munshi 1996). lFigure 5, traces a path between IT “and
performance assuming systern utilisation as a key variable and describes usage as
a tangible behavioural measure by which to assess changes in individual
effectiveness and in sum overall organisatiohal effectiveness. Clearly this link is
not straightforward due to the complexities involved in modelling such situations

and the many intervening variables.

. Other variables Other variables
affecting , affecting
utilisation perfo_rmance

Information u Utilisation of U Performance
Technology o) system | )

Figure S - Utilisation as an intervening variable (Miller 1989 after Trice & Treacy 1985)

The term utilisation can have different interpretations. On the one hand when
defining GIS as a technology as discussed under section 2.2.1, the utilisation of

GIS can be seen solely in terms of technical capabilities and functionality. As
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discussed in Chapter One, GIS is viewed here as a system encompassing the
software, hardware, data and expertise associated with the installation. In such
cases a particular GIS installation may be termed under-utilised if only a
percentage of the features of the system are utilised. On the other hand,
utilisation may be interpreted to be the level of utilisation of the system as a
percentage of its intended utilisation in terms of predetermined roles and derived
benefits regardless of technical capability. Predetermined roles would be those
roles of the GIS that would replace existing manual methods and those roles
identified as supporting the overall organisation strategy. In other words to be
effective the GIS needs to support the overall organisation strategy as discussed
in sections 2.3.2 and 2.5.2. Ideally utilisation of GIS needs to be measured in
these terms and not in terms of technical functionality. Obermeyer & Pinto
(1994) discuss the dangers of high utilisation with associated misuse due to the

system not being used for the right reasons.

In reality the two perspectives of utilisation, namely utilisation in terms of
technical capability and utilisation in support of organisational Strategy, and the
misuse of the technology in either of these cases is complex and interrelated. For
example the expen'mentation with functionality originally not intended to be
used ‘in support of strategy may initially be termed misuse and consequently
ineffective use of the system. However such experimentation may lead to
‘improvements in other areas thereby adding to the effectiveness of the system. In
addition to this, the continually evolving, dynamic naturé of such systems make

the role of training, R&D and systems development inevitable.

For the purposes of this study and in the absence of suitable measurement scales
in the literature reviewed, utilisation has been measured on a qualitative scale of
low, moderate or high based on interviewee opinions. This has been deemed to
be the overall level of utilisation encompassing support of organisation strategy,
technical functionality and possible misuse. The levels of utilisation of GIS at the

Ceres Municipality are analysed in Chapter Four, section 4.4.




2.5.51

User Attitudes and Behaviour

User attitudes and beliefs have been widely used as measures of IS
effectiveness. Also termed psychometric measures, these measures have
been developed as surrogates fof value, systems quality, usage and other
systenis at_tn'butes (Milier 1989). The Social Interactionism (S.I)
perspective proposed by Campbell & Masser (1995) acknowledges the
role of the individual and the presence of pefceptions, attitudes and
beliefs in GIS implementation studies. Most of the utilisation research is
based on well accepted psychological theories of attitude and behaviour,
the most notéble being the Theory of Reasoned Action (Ajzen &
Fishbein 1980). |

BELIEFS
ABOUT
BEHAVIOUR .
LEADING TO ATTITUDE

OUTCOMES E:)

BEHAVIOURAL E:) BEHAVIOUR
INTENTION

BELIEFS

ABOUT E:) SUBJECTIVE
EXTERNAL NORM

. INFLUENCES

4

Figure 6 - Theory of Reasoned Action (Ajzen & Fishbein 1980).

This theory; shown in Figure 6 above, effectively describes the links
betweexi beliefs and behaviour, where beliefs are rational and attitudes
are emotionally formed, based upon a set of beliefs. When applied to

MIS studies, systems utilisation is seen as a behaviour and therefore the

determinants of behaviour, i.e. attitudes, beliefs and intentions can be

viewed as determinants of systems utilisation.

The Technology Acceptance Model (TAM) proposed by Davis (1989) is
an adaptation of the Reasoned Action Model where attitude and

behavioural intention are predictors of system utilisation and utilisation in
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turn leads to individual and Qrganisational performance. The model has

received considerable empirical support (Taylor & Todd 1995).

Perceived
Usefulness
W] O [ Attitude (A) Behavioural Behaviour (B)

I:> " fIntention (BD

Perceived
ease of use
(E)

Figure 7 - Technology Acceptance Model (TAM). (Davis 1989)

According tb the Technology Acceptanée Model, usage behaviour (B) is
a direct function of Behavioural Intention (BI). BI in turn is a function
of attitude (A) towards usage, which reflects feelings of favourableness
or unfavourableness to using the technology. Attitude (A) is determined
jointly by perceived usefulness (U)‘ and perceived ease of use (E).
Perceived usefulness (U) reflects the belief that 'using the technology wili
enhance performance. Figure 7 shows these variables and fhe links
between them. A measurement instrument consisting of 12 questions
related to usefulness and ease of use was developed by Davis (1989) and

has been applied as a predictor of future GIS utilisation in Chapter Four.

The Augmented TAM (Taylor & Todd 1995) shown in Figure 8, is an
extension of the TAM where social influences (subjeétive norm). are
_inodeﬂed as determinants of behavioural intention and -perceived
behavioural control is modelled as a determinant of both intention and

behaviour.




Perceived
Usefulness
(U)

—

Attitude (A) Behavioural Behaviour
' : d Intention (B d

Perceived
ease of use
(E) .

ad

Sub)ectlve Perceived
Norm Behavioural
Control |
o Figure 8 - Augmented Technology Acceptance Model (TAM) (Taylor & Todd

1995).

‘Taylor & Todd- (1995) investigated the role of prior experience as an
important determinant of behaviour using the augmented TAM. The goal
of the research was to develop diagnostic tools to predict IS acceptance
and facilitate changes before the users gain experience with the system.
Their results showed that the augmented TAM could be applied to
understand the behaviour of both expenenced and inexperienced users.
However the mexpenenced users were found to place more focus on
perceived usefulness or potentlal benefits of the system and to
underestiméte costs, whereas experienced users place more emphasis on
control factors such as technical, time and cost limitations in
1mplementmg the system An important conclusnon was that such models
could be used dlagnostlcally prior to 1mplementatlon of a system The
" TAM provides a useful framework relating attitudes and determmants of
' attitude to overall behaviour and utilisation and may have application in
. the field of GIS. '

2.5.5.2 Computer Self Efficacy (CSE) .

CSE relates to an individual’s beliefs about their own abilities to-
competently use computers. Compeau and Higgins (1995) developed and
validated a measure of CSE, which is seen as a significant factor affecting

system usage. The concept of self efficacy builds on the Theory of -
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Reasdned Action (Ajzen & Fishbein 1980) and Social Cognitive Theory |
(Bandura 1986), which examines behaviour in the présenc’:e of
environmentai influences. Thus, individuals choose the environments in
which they exist in addition to-being influenced by those environments
(Compeau & Higgins 1995). Self efficacy is an important social
psychology construct, which has been found to influence decisions about

‘behaviour.

When applied to a MIS environment, CSE was found to play an
irhportant.rqle in shaping individuals feelings and behaviours and hence
system usage. In aBroader sense CSE was seen as an important cohcept

| _ in organisations attempting to successﬁ:lly implement MIS.
The factors influenced by CSE (Compeau & Higgins 1995) are :

_ SOccessful experience ~ The more successful iﬁteractions |
| | individuals have with computers, the
more likely they are to deveiop high
self efficacy.

Training — Important for new users since any
problems due to inadequacies will
lower the users sense of self

- efficacy and lead to a reluctance to

“use the technology

The concept of computer self efficacy has possiblé application in the field

~of GIS as a measure of an individual’s confidence in using a corﬁputer :
related technology. ‘A ten point CSE questionnaire, developed by
Compeaﬁ & Higgins ( 1995) has been used in the case study analysis of
GIS utilisation in Chapter Four. | "




2.5.6 TASK TECHNOLOGY FIT (TTF)

The Task Technology Fit (TTF) model developed by Goodhue & Thompson
(1995) draws on the theory of fit as a predictor of systems performance. The
model is the assertion that for IT to have a positive impact on performance it‘
must be a good fit with the tasks it supports and it must be utilised. This second
assumption relates to utilisation issues and the TTF model is seen as parallel and
complimentary to systems usage models as predictors of individual performance.

The TTF model is shown in F igure 9.

Task Characteristics

Technology ~|Task -
Characteristics Technology Fit
Individual

Characteristics

Figure 9 -Task Technology Fit (Goodhue & Thompson 1995)

2.5.7 COMBINED EFFECTIVENESS MEASURES

Munshi (1996) describes a useful framework for MIS effectiveness studies by
relating three dimensions of effectiveness, namely scope, measurement and
social parédigm. Scope relates to how broadly the concept of effectiveness is to
be applied ie. single application, deparfmental, organisational, industry, -
economy or the society-at-large levels. The rheasurement dimension relates to
the measurement of variables of the reasoned action model discussed under
2.5.5.1 ie. attitudes, behaviour, utilisation vand performance. The social
paradigm - dimension relétes to the four paradigms originally proposed by
Hirschheim (1985) of Neohumanism, Social Relativism, Radical Structuralism
and Functionalism discussed under section 2.3.1. Munshi (1996) then proposes
two matrices relating measurement to scope and measurement to social.

paradigm. These are shown in Figures 10 & 11 respectively.
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2 Performance o ’ Controfled Experiments
. Field Observations
S  Uilisation | )
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R _ Feld Observations
E Behaviour || ' )
M | g Psychometri
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N Athtudev L _ Measures
T Application Firm industry  Economy

' SCOPE

Figure 10 - MIS Effectiveness. Framework. (Munshi 1996)

Performance |’
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A Utilisation »
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R Behaviour
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SOCIAL PARADIGM

Figure 11 - MIS Effectiveness Framework. (Munshi 1996)

These matrices are useful in placing the effectiveness measures within the
organisational context, thereby creating a fuller picture of effectiveness. The .
Social Paradigm scale relates closely to the M.R & S.I perspectives (Campbell & -
Maéser 1995), with MR 'equating to the Functionalism and S.I to the
Neohumanism and Social Relativism ends of the Social Paradigm scale. The
‘matrices also illuStrate under what circumstances the psychometric, utilisation

and performance measures of effectiveness are appropriate.

Schultz, Slevin & Pinto (198'7) define two distinct phases of GIS in an
organisation as the initiation and the impleméntation phases. The initiation phase
being when the organisation becomes aware of the innovation and decides to

adopt it. The implementation phase is when the organisation engages in the




activities to put the innovation into practice. These phases can be seen in

broader terms as planning and action or as strategic and tactical phases. Schultz,
Slevin & Pinto (1987) propose a Strategy / Tactics Effectiveness matrix shown
in Figure 12. The matrix comprises four quadrants defined by low and high

measures on each of the Tactics and Strategy axes.

Pﬁ GH 2 Probability of: 1 Probability of :
High acceptance Implementation success
Misuse
Effectiveness of Type 2 & 3 errors
Tactics —
Probability of:
3 Probability of: 4 Low accutzacy
Implementation failure Low use
LOW Type 1 & 4 errors
LOW ~ HIGH
Effectiveness of Strategy

Figure 12 - GIS Implementation Effertiveness Matrix (Schultz, Slevin & Pinto 1987).
The following four situations are defined:

Quadrant 1 - High Strategy, High Tactics

This situation holds for systems that have high effectiveness in both tactics and
strategy. Any organisation fitting this situation is predicted to be successful with

GIS implementation.

Quadrant 2 - Low Strategy, High Tactics

This situation arises where initial strategy was lacking but subsequent tactical

activities were high. This results in possible high use of the system but often for

the wrong reasons or so-called misuse. The resulting high acceptance of the

system however does not represent a successful system. The low strategy could

result in a poorly conceived or unnecessary system that has received no initial

buy-in from management. This situation has parallels with the Technological

Determinism (T.D) perspective proposed by Campbell & Masser (1995) and

discussed in section 2.4.2.
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Quadrant 3 - Low Strategy, Low Tactics v

This is the reciprocal of the first quadrant where both strategic and tactical
functions are inadequately performed. Any system falling into- this category
would have a high likelihood of failure.

Quadrant 4 - High Strategy, Low Tactics _

Thése situations arise when strat_egic vision from management is well defined

and 5 GIS is defined as a solution. However due to poor tactical performance,

the system does not get implemented or used due to low client aCCepténce. This

situation has parallels with the Managerial Rationalism perspective proposed by

Campbell & Masser (1995), where management dictates a , rational

implementation plan which shows little or no success due to the needs of the

 individual being overlooked.

Four types of errors that niay occur in the GIS implementation process are
defined. These are: |

Type 1 errors - Action should have been taken but was not.

Type 2 errors - Taking action when none should have been taken.

Type 3 errors - Taking the wrong action. |

Type 4 errors - Solution is discovered but not used.
" The Strategy / Tactics eﬁ‘ec_tiveness matrix shows the pfobability of type 2 & 3
' ex;roré occurring in quadfant 2, while type 1 & 4 errors are most likely to oécuf |

in quadrant 4.

The Strategy / Tactics effectiveness matrix provides a useful starting point for
-combining the various individual effectiveness measures reviewed in this chapter.
Its adaptation and integration with the 'prevaiiing effectiveness theory is further -

- investigated and a’pplied in the case study in Chapter Four.
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2.6 LITERATURE REVIEW CONCLUSIONS

The aim of the foregoing literature review was to investigate existing theories and
previous studies relating to the research questions, namely the overall effectiveness of
GIS and appropriate approaches and measures for GIS effectiveness at a small local
authority. The review highlighted the complexities and varying and conflicting views
on these issues and it is acknowledged that although the issues reviewed represent
only a portion of the ‘existing theores, especially those related to organisations, they
nonetheless provide a sufficient theory base for the case study presented in Chapters
Three and Four. The research questions dictated the broad topics of the review — these
were GIS technology, organisations, GIS diffusion and effectiveness measures. From |
the review, four themes were developed which were maintained throughout the case

study, these are discussed below.

The author’s management studies and experience with other organisations led to a
holistic approach to the study which included seeing GIS not just as a single computer
application but rather as a complex technology system being implemented within an
organisational context. Existing GIS literature confirmed the need for a shift in GIS
research from that covering technical issues to that covering organisational, social and
management issues and it is this holistic, overall approach which forms the first theme
of the research. The case study therefore investigates GIS effectiveness across three
departments and on two different levels of the Ceres Municipality by means of GIS
effectiveness measures and an analysis of organisational factors, which may affect the
GIS effectiveness. The main emphasis of the review was therefore from a management

perspective as opposed to a technical perspective.

The theory of organisations is, in itself, complex and varied and only the topics of |
culture, strategy and role of information were reviewed as being relevant to the
research questions. Strong evidence was found for the role of the various
organisational strategies in IS studies and for the definition of effectiveness itself as a
strategic measure as diséussed in section 1.2. Organisational Strategy was therefore

used as the second theme of the study and a measure of strategy alignment was
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identified as an effectiveness measure and was applied in the case study presented in

Chapters Three and Fbur.

. The work by Campbell & Masser (1995) provided the concept of diffusion of GIS as
an umbrella term dealing with the flow and dissemination of GIS technology through
the .organisation. This was reviewed in terms of the various approaches to
implementing the technology and showed a need for a more interactionist approaéh to
GIS impleﬁientation with emphasis on the needs and motivations of the individual as
opposed to a purely technical or functional approach. The work by Munshi (1996) and
Campbell & Masser (1995) which. identifies the Neohumanism and Social
Interactionism (S.I) perspecti&ea of the organisation are particularly useful in
providing a new emphasis on the role and influence of the individual on GIS
effectiveness. This focus around the individual within the organisatibn as 'opposed_ to
the organisation as a whole was also found in the literature relating to MIS |
effectiveness with the Theory of Reasoned Action and the emphasis on behaviour and
attitude studies of the individual for measuring IS effectiveness. This emphasis on the

role of the individual forms the third theme of the research.

Various effectiveness measures were identified from IS, MIS and GIS literature. The
GIS literature - concentrated almost solely on Cost Benefit Analysis (CBA) as an
effectiveness measure. A review of the literature in the fields of IS and MIS however
revealed useful research which could be applied in the field of GIS, providing various
economic, psychométric and perfom;ance measures of effectiveness. These new and
alternative approaches to méasun'ng effectiveness draw from theory of social
behaviour and attitude as determinants of systems utilisation. However due to the
complexities and vast array of variables occurring in the organisation, a combinafion of
effectiveness measures are possibly more suitable. The fourth theme of the case study
is therefore the use of multiple and combined measures of GIS effectiveness and was
developed from the availability of these dteﬁative approaches which could be applied
to the field of GIS. The study ﬁxrthennc_)re'pla'c,es less emphasis on in-depth analysis
_ aad more emphasis on ;:omparativé and overview analysis of the multiplé measures -

and variables. The matrices of variables provided by Munshi (1996) and Shultz, Slevin B
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& Pinto (1987) provides a wider framework combining multiple: measures within

which GIS effectiveness can be evaluated.

Of the various effectiveness measures identified, thfee main measures were chosen for
further analysis in the case study. These were strategy alignment, cost benefit analysis
and systems utilisation. These measures provide a combination of qualitative and
quantitative measures and a multi-perspective to GIS effectiveness. Furthermore the
use of cost benefit analysis has received wide support in GIS management theory and

shall be used as a baseline measure, against which the new GIS measures of strategy

alignment and utilisation can be compared and combined. The CBA and TAM models -

are linked by the variable of perceived usefulness in the TAM which relates directly to
perceived benefits in the CBA model. All were measurable within the constraints of
the study by direct observation, analysis of records as well as interviews and

questionnaires.

These are all investigated further in the case study presented in the following two

chapters.
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CHAPTER THREE - CASE STUDY OF GIS EFFECTIVENESS

“Information Systems Research Methodology — a doubtful science?” (Mumford 1985).

3.1 BACKGROUND

The case study was carried out at the Municipality of Ceres, a small local authority in

the Western Cape Province of South Africa. GIS is currently used by the Town Civil -
Engineer’s and Town Electrical Engineer’s Departments, having evolved over the past

five years from Computer Aided Design (CAD) systems. The author has been closely

involved over the same five year period with the Civil Engineer’s Department in ‘the'

supply of aerial photography, digital mapping, cadastral data processing and certain

CAD and GIS software,

The author had also worked closely with the Town Clerk and Town Secretary of the
Administration Department with the design and implementatibn of database methods
for property valuations and networking of hardware between the various departments.
This work provided the opportunity to discuss and cvéluate issues relating to GIS and
IT in general with the Town Clerk and Town Secretary. This provided an alternative

strategic oriented, non-technical perspective to the case study.

3.2 RESEARCH METHODOLOGY "

The field of IS is relatively new when compafed to well established fields such as
engineering, physics and chemistry. As a fast emerging and dominant technology, the
quest to fully understand IS has left researchers with few existing research tools which

can be easily applied to IS research.

The organisational context of the issues of investigation, the researchers ongoing work
in the study organisation and the review of research methovdologies in general pointed
to the adoption of the Single Case Study method of research. The case study approach

- was adopted since it provides a framework of research well suited to the real life
situation present at the research organisation i.e. a contemporary set of events over

which the investigator has little or no control. (Yin 1986, Cullis 1994).




The case study methodology has a number of limitations, ‘the most notable being: its
lack of scientific rigour (Yin 1986, Lee 1989), largely due to the emphasis on a
qualitative assessment of a real world setting. Lée (1989) also argues that a qualitative
study of a single case can possess more analytic rigour than a statistical study using
sophisticated numerical analysis and concludes that th_e'casé study methodology is still
the most suitable for studies related to information systems. This is due to the
methodology being able to address and explain the casual links of real life which are

too complex for the more scientific survey or experiment methodology.

The complex inter-relationships between IS, IT, the organisation and society require
new approaches and a pluralism of research methods which are neither solely

~ qualitative nor quantitative (Mumford 1985).

3.3 EFFECTIVENESS CRITERIA

The review of existing theory related to GIS effectiveness in Chapter Two presented
the multiple perspectives of effectiveness and the various measures available. The
initial definitions of effectiveness and efficiency presented in Chapter One highlighted
the strategic and operational perspectivés of these and their mutual interdependence.
The effectiveness matrices (Schultz, Slevin & Pinto 1987) reviewed in Chapter Two
relate tactical or operational effectiveness with stfategic effectiveness thereby

providing a measure of overall effectiveness.

In terms of the research questions, the overall GIS effectiveness at the Ceres:

* Municipality was determined by means of a case study using éxisting effectiveness
measures previously applied to GIS studies and new effectiveness measufes adopted
from the field of MIS. The. research has therefore been approached from a multi
perspective view of GIS effectiveness. This is in contrast to existing GIS'manz.igement
 theories that the author reviewed, which emphasise cc;st benefit analysis and technical

efficiency as effectiveness criteria.
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The cost benefit model has been widely proposed for measuring GIS effectiveness
(Dickinson & Calkins 1988, Smith & Tomlinson 1992, Wilcox 1990, Worral 1994).
However the reasoning of the model pre-supposes that between the cost and béneﬁt
phases, utilisation of the technology will occur, leading to the various benefits being
realised. The estimation of costs and benefits is therefore only useful if the costs and
especially the benefits are aétually realised through action. For this reason, it is the
author’s opinion that a cost benefit analysis alone is insufficient for determining the
-overall effectiveness of GIS. In combination with cost benefit analysi§, the
measurement of utilisation is considered essential, since without utilisation occurring,

the costs may be incurred but the expected benefits will never materialise.

The case study therefore uses multiple methods of effectiveness measurement to assess
the costs, benefits, strategy and utilisation variables. In or_der to achieve this, thé
criteria for effectiveness for the case study have been selected as Cost Benefit Analysis
(CBA), Strategy Alignment and Systems Utilisation, where utilisation is seen as
dominant behaviour and the determinants of behaviour i.e. attitudes, beliefs, intentions
and perceptions are viewed as determinants of systems utilisation. These criteria Were
chosen due to their considerable theoretical support found in the literature and because
they represent the multi-dimensional analysis required to measure overall GIS
effectiveness. In the absence of measurement scales for strategy alignment and systems
utilisation, a set of scales were defined by the author for the purposes of this study -
these are presented in sections 2.5.2 and 2.5.5. These measures were considered tb be
relevant to the Ceres case and were possible to evalﬁate given the time and resources
available to the author. In addition, a number of organisational issues identiﬁed in the
literature having possible influence on GIS effectiveness were investigated. These
'were Role of Information, Implemér;tation Perspectives, Organisational Culture and

Degree of Centralisation.

The following section detalls the data collection for these criteria and the quality and

lumtatlons of the data and the collectlon methods employed
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3.4 DATA COLLECTION

The preceding chapters have discussed effectiveness measures and their relevance to
the Ceres case study. Due to the multi-perspective approach and the largely qualitative
nature of the case study methodology, data was collected from a number of sources

via different means as outlined below.

3.4.1 PILOT STUDY

A pilot interview study was undertaken prior to the main study in an attempt to
identify broad issues relevant to GIS effectiveness, the research questions and to
identify key personnel in the organisation who would be the most suitable for
further interviews and questioning in the main study to follow. The pilot study
approach is recommended as part of the overall case study methodology (Yin
1986) and was conducted in parallel with the ongoing review of the relevant
literature. This ensured that the final main study would be balanced betweeh the

prevailing theory relating to effectiveness and possible fresh empirical evidence.

The pilot study was undertaken using staff from the Civil Engineering, Electrical
Engineering, Administration and Health departments of the organisation. These
candidateé provided an initial insight into the use of GIS and the problems and
expectations of the technology. These initial interviews revealed a number of
technical issues relating to day to day operational concerns of the GIS. These
are, however, beyond the scope of this case study and have been documented

elsewhere.

The pilot study revealed a number of potential limitations of the study. The first
being the limited sample size of interview band questionnaire respondents that
were available for the study. Due to the small size of the organisation and the
fact that GIS had not yet been widely accepted, a total of four primary
candidates were available for the study. These were the Town Clerk, Mr. D Du
Plessis, the Town Secretary Mr. D Boschoff, the Town Civil Engineer Mr. P De
- Jager and the Town Electrical Engineer Mr. B Van der Watt. These candidates

were used for the interview and questionnaire parts of the study. In addition to
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these main candidates, a further four persons in- technician positions were

available for the questionnaire parts of the study.

3.4.2 DATA COLLECTION METHODS

Four methods of data collection were employed namely:

i) Direct observation

The evolving systems at the case study orgarliSatiori were observed over a
period of approximately two years during which time the author was
closely involved in the supply of mapping data, database design and
networking of various aspects of their Information Systems. These
‘observation_s were made during persénal visits to the organisation,
telephonic discussions and IT/GIS related meetings involving staff and

vendors.

ii) Qualitative Interviews and Discussions

The interview questions' were structured according to the research
questions and the topics revealed in the literature review. The questions
were phrased to elicit opinions and beliefs about issues critical to the

research questions. These included the following:

. Definition of GIS benefits.

e Estimates of value of GIS benefits. |
. Opinions on usage, ease of use, usefulness, corporate culture and
| strategy alignment.- ’ ' |
. Opinions on organisational issues affecting GIS eﬁ‘“ebtiveness.

Detailed interview frameworks appear in the appendices.

iii) Records and Documentation

Costs relating to all hardware, software, data and training were extracted

from past expenditure and budget records.
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iv) Questionnaires
| Short questionnaires relating to psychometric measures of Computer Self
Efficacy (CSE), Perceived Ease of Use (E) and Perceived Usefulness (U)
were given to interviewees and other potential GIS users for completion.
These were adapted from existing instruments identified in the literature
review in Chapter Two section 2.5.5 which have been developed and

empirically tested in the field of MIS effectiveness.

These questionnaires were completed outside of the interview times.
Respondents were given the option to remain anonymous by not putting

names to their responses and by faxing them back to the author.

The data collection methods employed were multiple and varied in keeping with
the overall and multi perspective theme of GIS effectiveness. This provided a
Elegree of triangulation of methods as opposed to a single pérspective of say only
cost benefit analysis. The methods employed therefore included all options open
to the author given the constraints of the study. Limitations however do need to
be acknowledged. These are firstly the small sample sizes. Although only a total
- of eight respondents were available for the study, they represented all of the staff
involved with GIS and were distributed across three departments in fhe
organisation. This spread of respondents on the one hand diluted the within-
department results yet on the other hand assisted in provided a better overall
perspective of GIS effectiveness throughout the organisation. Secondly the
highly qualitative and subjective nature of the results need to be recognised —
these represent the views and opinions of the interviewees and are open to
interpretation and biases. The author’s preconceived ideas and experience on the
one hand can be seen as having contributed to the quality of the study but on the
other hand have inevitably introduced biases. Thirdly the fact that the study
represents a short timeframe out of a continually evdlving and changing set of
circumstances provides only a snapshot view of the organisation. Internal
changes in methods and personnel as well as external legislative, social and
political influences will all affect the results of this study. Finally the issues

addressed cannot represent all the factors and influences present. The




54

complexities of the organisation, the limits to the measures and understanding of
all the forces at play and the limits imposed by the study make this impossible.
Hopefully the study has covered a large percentage of the factors surrounding

GIS effectiveness in an organisation if this kind.

The results should not be viewed solely for their absolute value but rather for
their relative value and the validity of the methods and overall approach to GIS

effectiveness studies.

\

The detailed analysis of the data collected and the application of the

effectiveness measures is presented in the following chapter.
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CHAPTER FOUR - ANALYSIS OF DATA

4.1 PILOT STUDY

The pilot study revealed the following factors which could influence the GIS

Effectiveness:

Firstly the use of different GIS/CAD systems between the civil and electrical
engineering departments. Th'e‘civil engineering department was using a combination of
UltimateCad and ReMap software, the electrical department was using MicroStation.
The respondents from each department had each achieved a fair level of proficiency
with their respective systems and voiced concern about having to give up their system

if a decision was made to standardise on another system.

Data sharing between the civil and electrical departments was very limited due mainly
to the data formats of the different systems and the fact that the various departmeuts
were not networked at the time of the pilot study. Both departments had a need to
view each others’ services networks with securities in place to prevent unauthorised

editing.

It was found that outside consultants had played a major role in the shaping of the
“current systems. In the case of the electrical department the sofiware and data was
acquired from a firm of consultants who had undertaken the design master plan of the
electrical reticulation. This was acquired as part of the design and was déemed
appropriate at the time due to the organisation’s ongoing involvement with the
- consultants. A working system was therefore acquired wifhout considering other

alternatives.

Overall acceptance and success of the GIS was heavily dependent on commitment to
. the technology by top management, especially for obtaining resources. There was also
a need for top management to more fully understand the GIS technology. Further

interviews were therefore extended to include the Town Clerk and Town Secretary.
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The pilot study confirmed the need for the investigation of reliable effectiveness

‘measures, which could be apnlied to GIS implementation. The remainder of the case

study focuses on Cost Benefit Analysis (CBA), Strategy Alignrnent, Systems
Utilisation and Organisational Issues influencing GIS effectiveness. These are analysed

in-depth in the remainder of this chapter.

4.2 COST BENEFIT ANALYSIS (CBA)

The literature review presented in Chapter Two highlighted the predominance of cost
benefit analysis in GIS management with the exclusion of other measures of

effectiveness. In support of an overall GIS effectiveness approach as outlined in the

research questions, a cost benefit analysis was considered a good baseline measure of

effectiveness which has been widely used by others in the field of GIS. A cost benefit
analysis also represents a quantitative assessment of GIS effectiveness, while the other
measures presented are all qualitative in nature thereby achjeving a degree of

triangulation of methodologies as discussed in section 3.2.

The cost benefit- analysis was performed for ‘the electrical and civil engineering
‘departments for the period July 1992 to June 1997, corresponding to a five financial
year period. Tllese'values were analysed from past historic records in‘ the case of the
costs-and from subjective interview opinions in the ease of past benefits achieved. The
analysis was then extended by projecting costs and benefits over a ﬁ_zture two year
- period. This was considered a sufficiently reasonable time pen'od for estimating future
costs and Beneﬁts, considering. the lhjgh'leyels of chang'e oecurnlng with the GIS

technology. The time limits imposed by the study and the emphasisk on multiple and

comparative measures as opposed to an individual in-depth measure precluded the

gathen'ng of detailed records and detailed analysis of costs and benefits. The mo'nefary
values associated with each of the identified costs and benefits as described in the
following sections are therefore approximate and have been rounded to the nearest
thousand Rands. As sueh, costs and benefits have been viewed in their simplest sense -

factors such as opportunity costs and benefits have been excluded.
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4.2.1 ANALYSIS OF COSTS

Costs have been defined as the direct monetary costs associated with the
purchasé of hardware, software, data, training and consulting fees relating to the
CAD/GIS installations and were obtained from records of budget and
éxpenditure. The historic cost data was considered accurate and reliable since it
represented actual monies spent under budget allocations for the categories
mentioned. Certain additional costs may have been incurred indirectly through
monies spent on other items such as the cost of certain training covered by
personnel budgets, however these were considered minimal and have therefore
been ignored. The amounts shown undef consulting for the civil engineering
department were estimated at 1 percent of Capital Projects budgets. This was
considered by the Town Engineer and the author as a reasonable estimate of the
value of the survey, mapping and other data produced by these projects which
would ultimately be included as GIS data. All past costs were discounted to July
1997 Rand net present values (NPV). The author estimates that the past costs

are to within approximately 10 percent of actual costs incurred.

Future costs were obtained by escalating average past costs by 20 percent. This
was considered a realistic escalation to account for inflation and to provide the
necessary infrastructure to achieve the future benefits anaiysed in the next
section. It has been assumed that the escalated costs could be accommodated in
overall future budgets of the municipality — this was not _inVestig_ated. Factors
such as the trend in declining costs of computer hardware and soﬂwaré have
been ignored in the analysis. .It has further been assumed that the current systems
- in place will be retained and future costs will be contained to expanding and |

upgrading these systems.

In the case of the electrical engineering department, totals for the past 5-year
period were obtained, amounting to R 466,000. Projected 7-year costs up to -
June 1999 amounted to R 734,000. ’
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In the case of the civil engineering department, a breakdown of costs was
available over the past 5-year period, totalling R 55 1,000. Projected 7-year costs
totalled R 836,000.

A spreadsheet showing the breakdown of these costs appears in Appendix A3

4.2.2 ANALYSIS OF BENEFITS

As mentioned in the literature review of cost benefit analysis in Chapter Two,
the biggest shortcoming of the CBA approach is the difficulty and highly
subjective natureof defining and estimating the GIS benefits to the organisation.
With these limitations in mind, an attempt was made to analyse the GIS benefits
for the Ceres case by firstly defining a list of broad categories of GIS benefits —
similar to those which were used in other CBA studies. Secondly the extent of
the benefit in monetary terms was estimated from interviews and from the
author’s past experience with other GIS projects. An attempt was made to
categorise these into tangible and intangible benefits with estimates of monetary
values for each, either directly as income and cost savings or indirectly as time

savings.

The assumed GIS benefits over the same five and seven year periods as those
which were used in the cost analysis above were determined by means of
discussion and interyiews according to the list of categories (see appendix A2).
The benefits were discussed and quantified in 1997 Rand terms. Since no
historical records existed for actual benefits, it was assumed that these had

developed to their current state over the 5-year implementation period.

The highly subjective nature of the analysis and the monetary values attached to
both the tangible and intangible benefits makes this analysis inaccurate. It is the
autho_r’s opinion that of the benefits defined, their monetary values are to within
20 percent of their actual values. Furthermore it is the author’s opinion that the
defined beneﬁts represent approximately 80 percent of the total benefits
attributable to the GIS, the remainder being highly intangible and therefore
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indefinable. The analysis of benefits therefore represents a first and broad
attempt at analysing a complex situation and was considered sufficient within the

constraints of this study.
A detailed estimate of the benefits appears in Appendix A3

The cost benefit analysis 'showed benefits exceeding costs for the past and
“estimated future values in both the civil and electrical engineering departments
with benefit cost (B/C) ratios ranging between 1.10 and 2.69. The S year ratios
representing the past costs and benefits were 1.14 and 1.10 respectively, thereby
showing benefits only m_arginally exceeding costs. Considering the estimated
inaccuracies in the costs and benefits values, a worst case scenario would place
benefits below the costs with B/C ratios of approximately 0.9 for both the civil

and electrical engineering departments.

The predicted future analysis produced benefit values in excess of the costs with
B/C ratios of 2.69 and 1.61 for the civil and electrical departments respectively.
These high ratios were reliant on the achievement of a few key benefits, notably
the improved level of services payments and the savings due to improved water
loss management. The analysis is therefore sensitive to these benefits being

achieved as envisaged.

 Many of the benefits are derived from savings in staff due to GIS functions

taking over tmanually performed tasks. For example the Savings from fewer field

maintenance crews due to better management of the water reticulation network
using GIS and for planned maintenance instead of ad-hoc maintenance. These
were seen as very theoretical benefits, not easily achievable in practice. In the
case of the reticulation management, any maintenance crew savings would
immediately be offset/by the cost of the GIS itself and other expert staff or
consultants to manage the planned maintenance programs. In addition to the
problems of defining benefits and assigning values to them, the analysis is highly
sensitive to the probability of the estimated benefits actually occurring in

practice.
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Table 3 shows a summary of the costs, benefits and benefit/cost ratios

achieved in the analysis

Table 3 - Summary of Cdst Benefit Analysis '

COST | BENEFIT NET _ |B/C Ratio

CIVIL § yr R 551,000| R631,000 | R 80,000 115
CIVIL7 yr R 836,000 | R 2,253,000 | R 1,417,000 2.69
ELECT.5yr [R466,000] R 512,000 | R 46,000 1.10
ELECT. 7 yr |R734,000{R 1,183,000 | R 449,000 | 1.61

4.3 STRATEGY AND STRATEGY ALIGNMENT

Interviewees were asked to‘ categorise the organisation’s competitive - strategy
- according to the types defined in section 2.3.2 of thé literature review.” All respondents
agreed that the municipality fell into the defender category, due primariiy to very little
or no competitive strafegy and the centralised, autocratic management of local
authorities. The interpretation of competitive strategy varied between the respondents.
Some saw a municipal organisation ‘as being totally uncompetitive and unlike a
business organisation. Others agreed that a degree of competitive strategy does. exist
in the sense that the municipality needs to be competitive in attracting énd’ keeping
| residents, tourism,'busineSs and i_nvestment for the town. Hdwever it was égreed that -
such a strategy would be conservative and not as dynamic as that found in the private -

sector. -

The literature review in Chapter Two presents strategy alignment as a measure of GIS.
eﬁ'ectiveness' whereby the existence and mutual alignment of business, IT and GIS

strategies are investigated.

In an attempt to gauge the level of alignment of GIS, IT and overall business:
strategies, various questions were addressed by means of interviews and discussions to
determine awareness, importance and foreseeable problems with the strategy

alignment apbroach. (Interview questions appear in Appendix A2.)
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For the civil and electrical ehgineen'ng departments, strategy alignment was gauged by
the existencevand content of strategy relating directly to GIS implementation. At the
Town Secretary and Town Clerk interviews, the overall organisational strategies and
the inclusion of IT in these strategies (which assumed GIS as a subset of IT) were

discussed.
The following findings were made:

Formal documented strategies existed for achieving the vision and objectives of the
organisation. These had been developed in strategy sessions by a strategy planning -
committee of 45 people, involving the most senior officials ‘of the municipality,

councillors and an external consultant (see Appendix Al).

The various -intemal and external critical issues identified in the Business Strategy -
'docur_nents were analysed for possible GIS relevance. Of the 37 critical issues
identified in 1996, ten issues could be directly addressed using GIS technology and a
further nine issues could use GIS to a certain degree. Of the six strategies identified in
the 1993 document, five had the potential of a GIS component in their

implementation. -

A review of the strategies revealed only one direct reference to IT, although the

respondents agreed that IT would be indirectly employed in achieving the objectives.

~ All respondents acknowledged the definite need for strategies and acknoWledged that

IT would need to play a major role in 'achieving such strategies.

The existence of a formal set of business strategies seemed partly due to rrianagement
foresight and partly due to conditions imposed by new local government acts which
provide for an “Integrated Development Plan” (IDP) and a “Human Development

Index” (HDI)..

Although these strategies had been. formulated, there seemed to be insufficient

commitment from all levels to folldw through and see them implemented. This was
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evident by the fact that the strategies as they weré formulated, were not seen as central .
to the organisation’s survival They were also seen as ‘strategies which were
formulated and agreed without an emphasis on following them through and measuring
their progress. i.e. more a case of them being seen as a one off exercise as opposed to
~a continuous exercise. In all cases there was a strong desire to achieve the benefits of

GIS and to see the systems succeed.

From the abovementioned findings, the overall ‘strategy existence and strategy
alignment was measured according to the criteria defined in section 2.5.2 and are

discussed further in the following section.

4.3.1 STRATEGY EXISTANCE

No formal documented GIS strategies were found to exist in either the Nciv_il or
electrical engineering departments. However in both cases informal GIS
implementation strategies had developed. These were in both cases driven by the
respective heads of department in as far as annual budgeting for GIS related
‘expenditure and their individual desires to see the systems grow and succeed. In
the case of the electrical engineering department, a further informal strategy
existed in the form of the role of an outside consultant for the formulation and

promotion of the electrical master plan, which has a high GIS component.

A moderate awareness of the concepts and importance of strategies was shown
by the interviewees. Most respondents acknowledged the overall importance of
informétipn and how very often the right sort of information for decision maldng
is unavailable. It was felt that a large percentage of the information pertaining to
the organisation is of a geographical nature, thereby 'necessitating the use and

importance of GIS.

The overall strategy existence was therefore categorised as low to moderate -
since formal documented business strategies existed, informal GIS strategy

existed and a certain level of awareness of strategy was present.
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4.3.2 STRATEGY ALIGNMENT

Although formal documented business strategies exist, only one made reference
to IT, this being despite the fact that approximately half of the strategies could
be achieved through the use of GIS. No IT or GIS strategies were found to exist
and therefore no alignment could be determined. The overall strategy alignment

was therefore found to be low.

4.4 SYSTEMS UTILISATION

The literature review presented in Chapter Two identified systems utilisation as a
surrogate for systems effectiveness. However due to the highly subjective and
qualitative nature of utilisation and the overlap between functional use, strategic use
‘and misuse, the study measures utilisation in terms of overall utilisation on a scale of
low, moderate or high from a purely subjective interviewee perspective. In keeping
with the time frames of the cost benefit analysis in section 4.2, overall utilisation was
measured for past, current and future time periods. The past and current utilisation
was measured in the civil and electrical engineering departments and was extended to
the administration department for the prediction of future utilisation. The sample
represents a mix of experienced and inexperienced GIS users. The results are

presented below:

4.4.1 PAST AND CURRENT UTILISATION

~ GIS utilisation over the 5-year implementation period up to July 1997 was
gauged by discussion and interviews. Usage was defined by the extent that the
systems were used to their fullest potential in terms of their technical capabilities

as well as for the strategic tasks for which they were intended.

In the case of the electrical engineers department, the general feeling amongst
-interviewees was that in terms of technical capabilities, MicroStation was under
 utilised. Its Computer Aided Draughting (CAD) capabilities in particular were
not used and the system was only being used as a data viewing and query tool
most of the time. In terms of being used for the tasks as it was intended, it was

moderately utilised with an estimated usage of approximately 4hrs per day by 2
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staff members. The civil engineering dé¢partment showed a sumlar pattern with
both the UltimateCad and the ReMap GIS being used to about 10% of their full
technical capabilities and only moderately used for their intended tasks. This was
attributed to a lack of computer skills amongst staff members, a need for training |

and staff resignations.

4.4.2 FUTURE UTILISATION

Future GIS utilisation was predicted partly by co-nsideration of the challenges
facing the organisation and partly by psychometric measures of user perceptions,
attitudes and computing confidence. :The psychometric measures were .
determined by means of questionnaires adapted to refer specifically to ‘GIS, |
These were distributed to eight respondents in the civil engineering, electrical
. engineering and administration departments. (See Appendix A4 for

questionnaire content). The response rate was 100 %.

Measures of Perceived Usefulness (U) and Perceived Ease of Use (E) originally
developed by Davis (1989) in the form of a 12 point questionnaire was adapted
to refer td GIS usage. Scores for each question were calculated 'using values
between 1 and 7 corresponding to the extfemely unlikely ahd the extremely
~ likely responses. These were added-to give a total out of a possible 42,

represented as a percentage. The follbwihg results were obtained.

4.4.2.1 Perceived Usefulness (U)

Scores for perceived usefulness for all respondents raﬁged between 69%
and 100%, indicating a high degree of awareness and understahding of -
GIS technology and .its perceived usefulness relating to their job
descriptions. ngh scores (100%) were oBtained from ,'rcspohdents
- aiready using GIS (Civil and Electrical er;gineering staff) as well as from -
non-technical staff currently notA using GIS (Town Clerk and Town
Secretary) indicating a high level of awareness of GIS in the
Administratidn section and at top management level. The results

therefore indicate a high level of perceived usefulness of GIS technology
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which can be expected to positively influence attitudes towards future

utilisation of the GIS technology.

4.4.2.2 Perceived Ease of use (E)

Scores for perceived ease of use ranged between 57% and 98%.
Respondents not yet using GIS generally achieved the lower scores.
Howéver, in two cases, non GIS users achieved scores of 76% and 86%.
This was possibly attributable to a lack of appréciation of the
complexities of GIS concepts. Thé results therefore show moderate to
high levels of perceived ease of use. This éan be expected to positively

influence future utilisation of the GIS technology.

4.4.2.3 Computer Self Efficacy

A computer self efficacy (CSE) measure consisting of ten questions
originélly developed by Compeau & Higgins (1995) was adapted to refer
to GIS usage. The CSE test was used as an indicator of user confidence
in using GIS technology, which in tumn can be expected to affect the
individual’s utilisation of the GIS technology and hence its effectiveness.

Each question was scored between O and 10, indicating levels of

confidence, providing a total CSE score out of 100, represented as a =~

percentage. (See Appendix A4 for quesfionnaire content) The
questionnaire was phrased to refer to the use of a new GIS software
package. The following results were obtained, split between current GIS

users and potential future users.

Current GIS users »
The responses showed a mbderate degree of confidence with scores
between 59% and 73%. This was to be expected since the respondents

had used GIS systems as well as other computer software and would not |

be too intimidated if faced with using a new GIS system.
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Potential GIS users
Scdres ranged between 35% and 59%. This was attributable to very little
exposure to computing in general and hence a low level of confidence in

using computer based technologies.

The results of the CSE test generally followed those of the perceived
ease of use (E) test, i.e. respondents with low CSE scores also had the

_ lower ease of use (E) scores.

The generaﬂy low scores for computer self 'eﬂi.ciency, especially amongst
current non-users of the GIS can be expected to negatively affect attitude
towards using the GIS technology. ‘These low levels‘ of computing
confidence point to a need for 'training in all aspects of computing. This

need was fortunately well recognised by all interviewees.

The utlllsatlon measures used and described above were con51dered ‘
accurate and meaningful despite their highly subjective and qualltatlve
nature. By using multiple psychometnc measures, namely perceived 4
usefulness, percelved ease of use and self eﬂicacy, a reliable initial |
- indication was obtained of users’ attitudes towards using GIS
technology. The results are however 1imited by the small sample sizes
and the fact that any changes in the group of respondents could

significantly affect the results.

The results of the utilisation measures are summarised in. Table 4 below:
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, A ) * Table 4 - Summary of utilisation measures

PAST & CURRENT UTILISATION
' CIVIL ELECTRICAL
Usage  low moderate
FUTURE UTILISATION
- CURRENT USERS FUTURE USERS
Perceived high moderate - high
Usefulness (U) ]
Perceived Ease of moderate to high moderate
Use (E) : : , .
Computer Self moderate low - moderate
Efficacy (CSE) '

4.4.2.4 Olverall'Future Utilisation of GIS

-In addition to the measures of future utilisation mentioned above, the
following factors were considered in estimating the overall future

utilisation of GIS technology.

In terms of the future challenge§ facing the organisation, it was felt that
GIS technology had a leading role to play in the overall IT strategies and
hence utilisation would be high . However this would be dependent on-

many factors, some of which are discussed under section 4.5

. The overall future utilisation of .the' GIS’s can be predicted to be
moderate to high due to the following factors: . ' -

e . Renewed awareness of GIS _ This has occurred largely due to
an increased awareness of IT in general by management, brought
vabout by budget cuts and the need to re-evaluate the role of all
personnel and systems. | |

. | Necessity to use IT/GIS to échieve business goa.is - Definite
goals, partly driven by -central and provincial g’overhment
legislation, suchA as the delivefy of housing and services has
required innovative thinking and a search for appropriate toolé

to assist in achieving these goals.
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Recognition of need for training — Taylor & Todd (1995)
mention the expéctation gap between what are behévioural
intentions and actual behaviours. This gap was found to be
largest for inexperienced users. The challenge therefore is to
narrow this gap by giving users more realistic expectations and
by increasing their level of experience by on-going trairﬁng.
.Moderate to high levels of Perceived Usefulness and Ease of
Use.
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4.5 ORGANISATIONAL ISS_UES INFLUENCING GIS EFFECTIVENESS

A number of organisational issues with possible‘inﬂuence. over GIS costs, benefits,
‘strategy, utilisation and hence eﬁ‘ectiveness were investigated. These issues had been
-identified in the literature review and ‘were 1nvest1gated by means of 1nterv1ews and

discussions. The issues were:

4.5.1 ROLE OF INFORMATION IN THE ORGANISATION

The literature review presented in Chapter Two revealed two contradicting

~ views of the role of information in the organisation. These are a proactive role of o

information as opposed to a reactive role and a rational role as opposed to a - -
symbolie. _role.- These opposing. perspectives and other issues surrounding the
role. of information were explored through interviews and discussions -and are
‘briefly discussed here. | |

The general consensus amongst respondents was that IT has an essential role to -
play in the organisation.. There was however a distinction made between

accumulating and having information as opposed to actually understanding it '
and havmg the experience to appreciate its value It was agreed that many

'demsrons were. still made on past expenence and 1ntu1tron however with the
backup of -relevant 1nformat1on thereby aelmowledgmg a certain level_ of

symbolic value of information.

~, The interview responses and the analysis of the do_oumented strateg_ies presented
in section 4.3 revealed'a definite r_eacti:veirole to .the,value:and potential role of
information: - This .wasevidenced;.bv- the fact that only one of the existing
documeénted business strategies made  reference to the role of IT in the -

organisation.

The role of mformatron and the requrrements of new leglslatron governing local,
authontres was emphasrsed by most respondents Thrs is espemally relevant for

the new policies of openness surrounding local government ‘where employees,
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4.5.3 ORGANISATIONAL CULTURE

Interviewees were questioned about their deﬁnition of the organisational culture,
the manner in which this culture is changing and how it can influence measures
of GIS effectiveness. Organisation culture was categorised accdrding to the
Handy (1993) deﬁnitions of Power, Role, Task or Person cultures presented in

section 2.3.1.

General agreement existed amongst all the respondénts that the Municipality had
in the past followed a role culturé, based on ldgic and rationality, dominated by
the rules and procedures typical of municipal organisations with conformity and
predictability. It was further generally agreed that the future culture will
however change to a more task-oriented culture with emphasis on community

involvement and a higher degree of openness and accountability.

This new culture should lend itself to better overall communication between all
role players in the town and hence more careful evaluafion of possible costs and
benefits associated with GIS decisions. Similarly'tﬁe GIS itself should provide a
means to ‘s'upply the information émd communication needed for the new task

culture.

~ 4.5.4 DEGREE OF CENTRALISATION

The literature review in sections 2.4.3 and 2.3.2 discussed the concepts of
corporate and. departmental implementation pefspectives (Campbell & Masser
.' 1995) as well as degree of centralisation and competitive strategy (Talvakolian
1989). These concepts were explored in the case study by means of interviews
and discussion in an attempt to determine their influence on overall GIS

effectiveness.

‘Regarding the degree of centralisation, opinions varied between the engineering
and administrative sections. The engineering departments were in favour of
maintaining the separate systems currently in place, mainly for the technical

strengths of the respective systems and a reluctance by each of the Civil and
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Electrical Engineering departments to abandon their systems in favoﬁr of the
other. It was felt that separate systems approaches had their shoncomjngs
mainly in terms of data exchange but that these problems could be easily
overcome by co-ordinating data capture and exchange situations. The
administration section tended to see beyond the technical considerations of the
systems and were in favour ‘of a single GIS for all users. This stemmed partly
from their position in the municipality being above the Engineering departments
and hence seeing a greater need for ‘co-ordination and dissemination of
information through the organisation, and partly from a lack of understanding of

the technical strengths and weaknesses of the individual systems already in place.

It was generally felt that the abandonment of the separate systems in favour of
- one central corporate system would not be justified in terms of costs and
disruption. The risk of alienating certain individuals by imposing a system.on
them that they did not want to use would lead to under utilisation and hence
ineffectiveness. These views correspond closely with the findings of Campbell &
Masser (1995) which favour separate departmental systems with individual

champions which tend to have greater performance and effectiveness.

The categorising of the municipality aé a “defender” as discussed in section 2.3.2
and 4.3 would suggest that the associated conservative competitive strategy
would indicate a corporate rather than a .depanmental GIS approach. The
findings therefore show conflicting opinions on the corporate and departmental
perspéctives. The respective departmental heads have favoured and promoted a
departmental GIS implementation, which would suggest a more competitive

strategy than the “defender” definition.

From the foregoing, an attempt was made to categorise the municipality
according to the stereotypes identified by Campbell & Masser (1995) and
presented in section 2.4.4. The municipality could be termed “Paternalistic” due
" to the fact that it has a small staff with personal contact between the
depalrtments. However the strong departmental approach to the GIS

implementation suggests that the “fiercely independent” stereotype is also
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~ present. It was agreed by the majority of the interviewees and it is the author’s
opinion that the municipality does not fit a single stereotype as defined by
Campbell & Masser. | '
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4.6 DEVELOPMENT OF AN OVERALL GIS EFFECTIVENESS MODEL

The Strategy Tactics Effectiveness Matrix (Schultz, Slevin & Pinto 1987) described in
section 2.5.7 is seen as appropriate for evaluating overall GIS effectiveness by
combining and relating planning or strategy effectiveness with action or tactical
effectiveness. The matrix furthermore relates the various phases of the innovation and
provides an indication of the types of situation and problems associated with each.
This model is therefore proposed as the core of a more detailed model using other

measures found in the literature relating to IS and GIS effectiveness.

4.6.1 PROPOSED AUGMENTED STRATEGY TACTICS EFFECTIVENESS

MATRIX

Although the Shultz, Slevin & Pinto (1987) matrix applies to the initiation &
implementation phases of GIS, it (_:ould be expanded to include the more
common.three phase approach as defined by Campbell & Masser (1995). That is
GIS adoption, implementation and utilisation. The initiation phase defined by
Schultz, Slevin & Pinto equéting directly to the adoption phase of the three-
phase approach. The utilisation phase of the three-phase approach addresses the
longer term, ongoing use of GIS, whereas the impiementation phase is seen to
be more of a short to medium term phase. The inclusion of an utilisation phase is
well supported by the use of systems utilisati_oh as a surrogate for effectiveness,
(Campbell & Masser 1995, Miller 1989, Obermeyer & Pi/nto 1994) and others.

Utilisation is therefore proposed as the key variable for the Tactics axis of the -
proposed auginented effectiveness matrix. Although other “action” or tactical
events take place with GIS such as data capture tasks, systems programining
and others, they all imply a certain degree of utilisation. This utilisation should
be seen in its broadest sense to include use of GIS products such as maps,
reports etc. and not necessarily only hands-on use of the system at a computer
terminal. The extent of utilisation is determined by the past and current

utilisation as well as the previously defined predictors of future utilisation
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namely Perceived Usefulness (U), Perceived Ease of Use (E) and Computer Self

Efficacy (CSE) as measured in the previous sections.

Strategy alignment is proposed as the key variable for the Strategy axis of the
proposed matrix. Whereas strategy in the Schultz, Slevin & Pinto model refers
to the strategy of GIS impiementation only, the strategy alignment of the
augmented matrix' propqses that strategy’ refers to all strategies of the

organisation, including Business, Information Systems and GIS strategies.

The measures of - strategy alignment and utilisation as determined in the
previous sections were used in the Effectiveness Matrix analysis for the Past /
Current GIS Implementation and Future GIS Implementation. The following
matrices were derived: '

<

4.6.1.1 Past and Current Implementation

Hghl| [1]
| ELECTRICAL ]
CIVIL l

UTILISATION |

=] [

[s]

| |

STRATEGY ALIGNMENT
- Effectiveness of Strategy

Effectiveness of
Tactics

Figure 13 - Effectiveness Matrix - Past and Current Implementation

The analysis of the past and current GIS implementation in the preceding
sections places the Electrical Engineering Department in quadrant 2 of
the matrix showing moderate to high utilisation but minimal strategy
aligriment. This ycofresponds to the high use of the system but for the

wrong reasons and misuse as described by Schultz, Slevin & Pinto
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(1987). The Civil Engineering Department fitted into quadrant 3 of the

matrix due to only moderate utilisation and low strategy alignment.

4.6.1.2 Predicted Future Implementation

High ' E] FLECTRICAL |2 ]

‘CIVILI
UTILISATION
UTILISATION =] ]

Low

‘Effectiveness of -
Tactics

———

I—
| Low | ‘ High |
: STRATEGY ALIGNMENT
Effectiveness of Strategy

Figure 14 - Effectiveness Matrix - Predicted Future Implementation |

The predicted future implementation matrix places both the Engineering
Departments in quadrant 1 of the matrix, with the Civil. Departmént
achieving slightly higher utilisation than the Electrical Department due to
more staff, more applications and potential benefits identified in the cost
benefit analysis. For the higher levels of utilisation to occur, the identified
need for training will have to materialise and the potential benefits will
‘need to be realised through action. For both departments it has been
assumed that at least a moderate level of strategy alignment will be
achieved through the actions of the individual deparfments in formulating
~ their own GIS strategies and those of the Administration Department in

their efforts to align all strategies.

The proposed augmented strategy tactics effectiveness matrix provides a
useful means of relating the previously measured determinants and
individual measures of GIS strategy and tactics effectiveness. It provides
a first stage of achieving multiple and combined measures of GIS

_effectiveness, identified as a theme of the research. In keeping with and
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expanding on this theme, the following section develops an overall
framework enbompassing all of the concepts and themes explored thus

far.

4.6.2 PROPOSED GIS EFFECTIVENESS FRAMEWORK = -

The literature review presented in Chaptér Two identiﬁe’d the various measures
applicable to effectiveness of information systems. However these measures
were only single perspectives of cost, benefit, strategy and utilisation. The fact
that the organisétion is not always rational, and that indiQiduals’ actions, politics
~and conflict can cause deviation from the business enterprise ideal, where MIS
offers economic value which exceeds the cost (Munshi 1996), points to neither a

purely functional nor a purely subjective approach to GIS effectiveness.

The case study has shown how GIS effectiveness can be viewed holistically
using a multi-perspective apprbach and a combination of quantitative and
. qualitative measures. Furthermore the case study highlighted the conflicting
outcomes of GIS effectiveness measurement when using single perspective
_ approaches and the limitations involved with each. It is from these limitati'ohs of B
single perspectives of GIS effectiveness and in vkleeping with the theme of a
holistic overall approach that the need for an overal'l GIS effectiveness
framework exists. Such a framework would combine many of the perspectives
and measures identified thus faf iﬁto a concise framework for other GIS
* effectiveness studies. The'f)roposed frameWofk has been deeloped by drawing
on all aspects of GIS effectiveness from existing theory identified in the

literature review as well as the evidence and experience gained in the case study.

This framework is therefore prdposed as an overall framework for apbroaching

GIS effectiveness measurement in other organisations, relating social paradigm, . .

~ variables and methodology and is shown in figure 15 below.
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Figure 15 - GIS Effectiveness Framework

The left hand vertical axis of the framework refers to the measurement
dimensions of Attitude, Behaviour, Utilisation, Performance and Cost. The
dimensions are the same as those used by Munshi (1996) in his framework for
MIS effectiveness with the exception of cost which has been added since it
forms a logical progression, following on from utilisation and performance. The
dimension 6f cost has formed the basis of GIS management theory and has been
widely used mainly as part‘of cost benefit analysis. The dimensions of attitude
and behaviour form the core of the Theory of Reasoned Action and the
Technology Acceptance Model (TAM) which have considerable suppdrt'in the
sfudy of IS and MIS effectiveness and which have shown to be applicable to the

‘ étudy of GIS effectiveness as shown in this case study. Although behaviours can

be varied, it is primarily the behaviour of utilisation that is considered here.

The horizontal axis of the ﬁroposed framework refers to the extremes of rational
choice as defined by Munshi (1996), ranging from Neohumanism through to
Functionalism. For the sake of simplicity the intermediate levels have been
omitted. The GIS implementation perspectives defined by Campbell & Masser

(1995) are also seen to represent the social dimension of GIS effectiveness and

. are pl'éced along the horizontal axis in parallel_with the Munshi scales. These

- extremes range from the Social Interactionism (S.I) perspective equating to
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Munshi’s Neohumanism to the Managerial Rationalism (M.R) equating to

Munshi’s Functionalism.

The frames contained within the axes refer to the GIS effectiveness measures |
identified in the literature review and empirically tested in the case study. Each
frame is placed according to its level of dimension measuremenf and social
paradigm. The complexitigs of these dimensions as evidenced in the case study
preclude any exact placement of the frames and a certain degree of overlap will

exist.

Finally the right hand vertical axis ‘of the framework refers to the research
methodology and instruments applicable to each frame of GIS effectiveness
measure. These range from questionnaire instruments for psychometric measures
such as Computer Self Efficacy (CSE), Perceived Usefulness (U) and Perceived
Ease of Use (E) through to organisational records of costs and documented
strategies. Direct observation applies to all the measures. ‘Again these
methodology categories are not precise and a certain degree of overlapping

exists.

The proposed framework is therefore an all inclusive summary of the dimension,
measures, perspectives and methodologies used in this research. Each has a
sound theoretical base and eéch ﬁas been empirically applied and adapted to the
GIS effectiveness case study ét ‘the Ceres Municipality. Furthermore the
propc;sed framework represents the first and fourth theme§ identified in section
2.6 namely that of a holistic approach to GIS eﬁ'ectiveness' and the use of
multiple and combined measures of GIS effectiveness. The framework is
therefore proposed as a useful tool to be used as a starting point for other GIS
effectiveness related research. It must be néted that the framework represents‘ .
one of many combinations of the variables present. The author therefore does
not preclude the inclusion or exclusion of certain variables. Furthermore the
framework as defined represents the author’s holistié view which may differ
considerably to the views of others. However it is this subjective and imprecise

nature which makes the study of these variables so complex and interesting.
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This chapter began by empirically testing and adapting the various measures of
“effectiveness in a case study of GIS effectiveness at the Ceres Munici_pality,
initially as individual measures and then as combinations of measures. Finally an

overall GIS effectiveness framework was developed.

The following chapter is .the last in the research and offers conclusions and

recommendations pertaining to all the foregoing work.
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CHAPTER 5 - CONCLUSIONS AND RECOMMENDATIONS

This research was motivated by the need to understand the concept of effectiveness as
applied to GIS. The initial research questions presented in Chapter One set out to
investigate four questions. These were firstly, “How effective is GIS at the Ceres
Municipality ?”, secondly, “What are appropriate measures of GIS effectiveness for
this type of organisation ?”, thirdly, “Are existing Information Systems (IS)
effectiveness measures applicable to the field of GIS ?” and finally, “What

organisational issues influence GIS Effectiveness 7.

The literature review identified numerous perspectives, measures and theory relating
to these questions from which four themes were identified for the case study. These
were firstly an overall holistic approach to GIS effectiveness, secondly the role of
organisational strategy and strategy alignment, thirdly the emphasis on the individual

and finally the use of multiple and combined measures of GIS effectiveness.

The case study then attempted to answer the research questions within the themes

identified. The following conclusions can be drawn from the findings in Chapter Four:

The various measures identified in the literature and used in the case study revealed
varying and conflicting levels of overall GIS effectiveness at the Ceres Municipality. In
terms of simple cost beneﬁf analysis, the GIS was found to be highly effective with
both 5 year and 7 year benefits exceeding costs. This outcome was however
dependant on thé future realisation of a few high value benefits. The CBA therefore
confirmed the complexities and high degree of subjectiveness involved in defining and
quantifying the GIS costs and especially the benefits. This led to a degree of
inaccuracy in the cost benefit ratios measured. When extended to include measures of

utilisation and strategy alignment, the effectiveness was shown to be low to moderate.

The single biggest drawback of the CBA approach besides the subjectiveness of the
definition of the costs and benefits is the assumption that utilisation will take place.

The case showed that although benefits were identified as having occurred, thereby
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indicating utilisation to have occurred, the measures of utilisation were low to

moderate. This points to one or more of the following scenarios:

e Anoverestimation of the defined benefits.
e  Anunderestimation of the levels of utilisation. ,
° The benefits as defined were all attributable to GIS and did correspond to

the low to moderate levels of utilisation. This would indicate much higher |

_levels of benefits if the utilisation could be improved.

- This clearly indicates the shortcomings of the CBA measure of effectiveness when

“used in isolation. The proposed overall effectiveness model that uses measures of
utiliéation and strategy alignment in addition to CBA was fouﬁd to be more applicable
than simple CBA alone due to the complexities that exist in the organisation and the

.shortcomings of the CBA measure.

What may emerge in the future is that by going through the CBA exercise,
management and users will be more aware of all the variables and factors at 'play and
will act to ensure that the GIS is in line with corporate strategy, even if the calculated

costs and benefits are subject to bias and méy be unreliable.

1t is recommended that any future strategy planning should ensure proper alignment of
the business, IT and GIS strategies. In the case of the business strategies, IT and GIS
should be actively investigated as a means of achieving the business objectives. This
" should entail IT and GIS aétua_lly shaping the strategies and not merely being
implemented afterwards. In the case of the GIS strategy formulation, this should
always be formulated with the overall business §trategies in mind, ;equiring t_hat the
staff involvéd with the GIS should be aware ahd involved with the bﬁsiness strategies
to ensure their proper alignment.'Similarly the non technical staff shouid be aware of

the GIS technology’s capabilities and limitations.

The psychometric measures of user attitude as predictors. of utilisation, namely
perceived usefulness, perceived ease of usé and cdmpute’r self efficacy, adopted from
the field of MIS proved to be suitable and useful in evaluatiﬁg GIS effectiveness. They

were found to have -considerable theoretical and empirical support and could be
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directly applied to the field of GIS. The questionnaire instruments used were however
simple and limited. The identification and use of other measures is an avenue for

further research.

The analysis of the organisational issues affecting GIS effectiveness revealed the

following.

The role of information in the organisation was still seen as largely reactive to
changing circumstances as opposed to being proactive in actually shaping
circumstances and strategy. An increase in the levels of strategy awareness and
alignment as required for the envisaged future success of GIS at the Municipality will

go a long way to addressing these problems.

The analysis of the degree of centralisation revealed a strong desire and commitment
to separate departmental approaches to GIS implementation. This coincided with the
findings of Campbell & Masser (1995) in the United Kingdom which showed a shift
from largely unsuccessful corporate systems to smaller effective departmental systems.
From the criteria and categories provided in the literature it was difficult to place the
Ceres Municipality into a single stereotype of organisational type or GIS
implementation pérspective. This further proves the highly individual and unique set of
circumstances surrounding GIS within an organisation and the high -degree of

complexity in attempting to analyse the circumstances.

The case study revealed indications of a move away from the purely rational approach
to GIS implementation to an approach more suited to the needs of the individual. This
will need to be continued and improved in the future to ensure GIS Effectiveness. The

Social Interactionism (S.I) and Neohumanism perspectives are best suited for this.

The case study results prove the need for a multifaceted approach to evaluating GIS
effectiveness and how the use of single measures of effectiveness in isolation cannot

account for all the organisational influences on effectiveness.
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The case study provided an initial insight into the application of new and multiple
measures of GIS effectiveness. Further research is required to validate and improve
these measures. The proposed GIS Effectiveness Framework provides a good overall
 framework  relating the variuus variables, methodologies and implementation |
perspectives identiﬁed in the literature and developed in the case study. This :

framework needs to be further validated in studies of other organisations.

As 4 final point, it can be concluded that-given all the complexities of organisations,
technology and human behaviour as well as their interrelationships, effectiveness
remains a highly subjective criteria. The issues Surrounding GIS effectiveness are
unique for each organisation and unique for situations within that organisation, with
no fixed cookbook apprdach to evaluating them. As was done in this study, each study
of GIS effectiveness needs to treated as }a- unique case study and measured in an
investigative and exploratory manner. The case study methodology is therefore seen as

highly successful for the study of GIS ménagement issues.

- The study has provided' a perspective on the effectiveness of GIS at the Ceres
- Municipality. waever, although receiving sufficient input from interviewees, the
perspectives presented remain largely those of the author and may be seen in a totally

different light by others.

The study further represented a snapshot in t1me of prevailing circumstances in an ever
changlng world. Handy (1995) refers to the changing worlds of organisations being
beyond certainty. The author beheves that, for similar reasons, the study of GIS

effectiveness is also beyond certainty.

This study' has howe\)er hopefully opened up new perspectives on hdwto view and
approach GIS effectiveness by following a theme of a holistic view of a prevatlmg
| situation. It is hoped that this work . can be further reﬁned valldated or refuted by

others. =
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' APPENDICES
APPENDIX Al - STRATEGY DOCUMENTS

Al.1 - STRATEGIC PLANNING DOCUMENT SEPTEMBER 1993 :

The following summary represents the main points of a format strategy document prepared for the Ceres
Municipality by consultant Nico McLachlan of Gouws Woods and Associates. Source — Internal Document
Ceres Municipality — Strategic Planning Workshop, 1 September 1993.

Strategy No 1 ' S
The establishment of Ceres as a primary local authority with extended borders.

- Determination of boundaries
Include surrounding areas
Options:;
Ceres/Nduti
Ceres/Nduli/Prince Alfred Hamlet
Ceres/Nduli/Prince Alfred Hamlet/District
0Old Witzenberg Divisional Council (mclude Tulbach Magisterial District)
- Promulgation of new law
- Formation of boundary delimitation board.
- Input from authorities (Ceres/Nduli/Prince Alfred/Breerivier Reglonal Services Council/District).
- Services rendered
- Costs
- Personnel
" - Vehicles and equipment
- Political input.
- Formation of new Negotiating Forum.
- Discussions to be implemented with other authorities.
- Collection of information from authorities

- Services

- Costs

- Effectiveness
‘ S'trategy No 2

The development of tourism as an alternative industry within the confines of the local and regional economy. -
- Determination of area to be marketed.
- Boundaries
- Include Wolseley and Tulbach
- Opportunities and limitations
- Determination of Marketing, Development and F1nanc1al sub-plans.

Strategy No3
The extension of the income base of the local authority by amongst others industrial support to the soft fruit

industry, stimulation of residential development and the accommodation industry.

Development Plan '
- Determination of ground for development
- Survey of available potential ground.
- Determination of owners and their future plans.
- Determination of existing proclaimed ground and which is under-utilised (coverage/helght restrictions) which
is not used for its designated purpose.
- Determination of what cannot be developed due to
- Flood lines
- Roads/railway lines
- Servitude’s and open spaces
- Infrastructure needs and costs
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Marketing Plan

- Liaison with developers, consultants.

- Discussions with industries etc. in Ceres.

- Discussions with industries etc. outside of Ceres.

- Package deal to be made available to attract industry to establish in Ceres.

- RSC funds generated within the new primary local authority area.

Strategy No 4 ’
A Re-evaluation of the Ceres Master Plan.
B Development of land-use plan for the greater local authority.

A. Master Plan
- Electricity
- Generation
- Distribution

- Water Supply .
- Source
- Distribution Network

- Sewerage
- Collection network
- Treatment

- Refuse Removal
- Collection
- Disposal sites

Structure Planning
Introduction
Position and Background

Physical Elements
Climate
Rainfall
Wind
Temperature

Terrain
Relief dams and drainage
Slope analysis
Flood areas
Geology :
Agricultural land and potential
Tree and shrub land

Urban morphology and sociological considerations
Ground use ’
Residential
Industry
Business
Public
Open areas
Zonings and group areas
Ground ownership

Summary of Planning considerations
Physical limitations and usefulness
Statutory and social limitations and usefulness
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Demographics
Population growth
Population groups
Economic activity

Projections and Traffic
Population projections
Work opportunities and ground usage
Zonings '
Traffic study
Planning suggestions
Residential areas
Schools
Central business
Suburban centres
Industry
Open space
~ Cemeteries
Show grounds -
Airfields

B. Land use Plan of Sub region

- Position

- Historical background

- Physical and natural characteristics
- Topography
- Regional elements
- Climate
- Plant life

v = General geology

- Physical Infrastructure
- Roads
- Railways
- Power supply
- Water sources
- Airfields

~ - Sewage works
-.Construction materials
- Pumping sites

- Services between towns
- Environmental impact studies

- Economic Activities '
- Recreation and conservation
- Agriculture
- Forestry

- Industry
- Per capita income and welfare

- Urban and rural incomes
- Relative distribution of incomes

Strategy No § _
Development of a social development plan for Ceres

Primary Health Care Services
All primary health care to be provided by local authorities. -

- Housing



Community Facilities
Recreational facilities
Swimming pool for Bella Vlsta
Sports grounds

Day sites picnic spots

Public toilet facilities

Libraries

Strategy No 6
The establishment and maintenance of an mtema] and external image bmldmg program.

Strategy for internal contact and communication
All possible methods to improve communication within departments as well as between departments and
between officials. :

External communication |
All possible methods for contact with the total community and to provide all relevant information to the total |
community in the form of information sessions, written communication and forums. |
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A 1.2 - STRATEGIC PLANNING REPORT - OCTOBER 1996

* The following summary represents the main points of a formal strategy document prepared for the Ceres
Municipality by consultant Vernon Rose of Vernon Rose and Associates. Source — Internal Document Ceres
Mummpallty Strategic Planning Report, 2-3 October 1996.

OBJECTIVES
Participants determined the following objectives for the two days

To understand the term “Strategic Planmng’
To meet and address the challenges of the new South Africa _
To get the Councilors to understand the demands of the officials so that there is a common focus point.
To understand the national structure of our government and its impact locally
A short, medium and long term economic strategy
How councilors can support each other to prov1de a better service
How to work with the Budget of our town
To explain the basic principals of strategic planning
Make improvements to structure own strategic planning
Define the role of the council to the community
~ Working on a strategic plan to include other important citizens of the town
Establish a communication and marketing plan "
To include all development into a strategic plan
To determine what to include strategically and not .
How to join the technical function of the municipality and the political dynalmcs inside the councnl
Hope to address the environmental issue.

METHODOLOGY

e Participatory Basis
e  Practical Component
e  [ce-Breakers

WHY STRATEGIC PLANNING ?
. Participants fotwardéd the following reasons for the importance of strategic planning:

To prepare you for what is coming
" To prosper in desired positions
To make daily jobs goal orientated -
~ To achieve your goals -
. To stay in control
To know / or determine the advantages and dxsadvantages of your goals
To avoid fiscal pitfalls in the long-run
No plan No budget
To replace empty promises with goals .
“The future is a moving target — idea is to shoot where it is going to be”
To secure the future : '
To secure funding
To remain competitive
- To remain viable
To make management and decision nmaking easier
To satisfy the community
Help us to make decisions
To integrate planning

STEPS IN THE STRATEGIC PLANNING PROCESS
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We discussed the steps in the Strategic Planning Process and they include:

History

Vision / Mission-Statement

SWOT

Identifying Critical Issues / Concerns
Prioritizing the Concerns '
Evaluation and Monitoring

Developing Objectives and Action Plans

MISSION STATEMENT
By following the guidelines, the group developed the following Mission Statement; -

CERES Municipality focuses on responsible and eﬁ'ectlve rendering of services to improve the quality of life of
all its inhabitants.

SWO.T
An Analysis of the Orgamsatmns Strengths, Weaknesses, Opportumﬁes and Threats were done

IDENTIFYING CRITICAL ISSUES / CONCERNS :
Participants were given the task to identify internal as well as external issues.that the mumcnpahty had to
-address. The following issues were identified and later prioritized.

INTERNAL ISSUES / CONCERNS

FINANCES
- o Loss of Revenue
e Non-payment of Services
e  Costs of Municipal Services

INTERNAL & EXTERNAL COMMUNICATION -
Communication

Community expectations of the Council

Image to the public

Image of Municipality

HUMAN RESOURCES

Productivity

Loss of Key Personnel

Loss of Personnel (skilled)
Irresponsible Affirmative Action

COUNCILLOR’S POLICY

Role of a Councilor and role of a Community Leader
Councilor’s vs. staff capabilities and powers

Interest of councnlor s at unions, personnel administration
Discipline

Irrational decision-making

Biased councilors ’

Acceptance of policy

PLANNING INFRASTRUCTURE
‘Information Systems (integrated)
Long-term Planning

Land Prices and Availability
‘Capacity of services
Co-ordination of projects
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TEAM BUILDING (CAPACITY BUILDING)
¢ Diversity _
e Treasuring the value of Councilor’s capabilities

EXTERNAL CONCERNS

LOCAL ECONOMIC DEVELOPMENT
Revenue sources

Unemployment

Industries

Informal Trading

Seasonal Bound on Job opportunities
Income resources limited

LAND AVAILABILITY
¢ - Shortage of land

HOUSING

e Influx of people

o Informal housing and squatting
e Housing shortage

" RDP FORUM
e RDP Forums
e RDP

SETTING OBJECTIVES

On this occasion we discussed the basic principles around planning and to reach clarity on who does what,
where, when and how

GUIDELINES FOR SETTING OBJECTIVES
The group came up with the following guidelines for setting objectives:

Clear guidelines

Clear steps to be taken

Clarity on the set goals

Clear / set parameters — time frames

Must be challenging

Must be available

Able to be evaluated

Commitment / Determination

Must fall within a particular performance area

DEVELOPMENT OF OBJECTIVES |
Participants used an example and the given guidelines and formulated the following objectives
INTERNAL OBJECTIVES |

OBJECTIVE: FINANCE :

To implement a long term financial strategy in order to increase income, to promote
Masakhane and to keep increase of municipal service charges below inflation over the next 3-
5 years

PLAN OF ACTION
e Identify sources of income problem areas



EXTERNAL OBJECTIVES
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. Develop' a strategy for Masakhana
e  Submit a report to Council -
¢ Implement

OBJECTIVE: COMMUNICATION
" To develop a communication strategy to improve the image of the Municipal over the next 3-4
years :

PLAN OF ACTION |

e To meet with a communication’s specialist
e To present a draft strategy to Council

o To implement the plan

OBJECTIVE: HUMAN RESOURCES
To implement a Human Resources Strategy

PLAN OF ACTION

e  Appoint Personnel Officer

e Identify and prioritise key elements of Human Resources management plan by Personnel
Officer
Present a planned program to address the issues in sub. par. 2 above, to Council
Implement and Evaluate

'OBJECTIVE: COUNCILLORS
To conclude the role and function of councilors

PLAN OF ACTION

¢ DA handles the portfolio

e Forming a work session to establish at which pomt councilors can be made aware on the
contents of the policy

e  For any further work resulting from above menhoned work session

* OBJECTIVE: TEAM BUILDING _
To conclude the competence and quality of services provided to the community

PLAN OF ACTION
e Identify a consultant for the presentation
o Presentation of qualified consultants

OBJECTIVE: RDP ‘ Ny
To implement a Strategy to get the RDP functioning

PLAN OF ACTION
Appointment of RDP official
Identifying and prioritise problem areas
Address problem areas
Evaluate steps 1-3 continuously and take remedial steps (council)
Evaluate the functioning of the forum in terms of project progress

OBJECTIVE: HOUSING
To implement a strategy to speed up the housing process to prevent squatting

PLAN OF ACTION

¢  Identify the problem areas

e Table a report to Council to address the problem areas
¢ Implementation of actions plans



OBJECTIVE: LOCAL ECONOMIC DEVELOPMENT PLAN
To implement a local economic development plan for Ceres Mumc1pahty and district to create
orderly future planning

PLAN OF ACTION
o Identifying of an appropriate consultant

e Consultant to determine needs and the role players
o . Consultant’s presentation

OBJECTIVE: AREA IDENTIFICATION
To plan an integrated development plan for Ceres

PLAN OF ACTION

e To discuss and plan time schedule with consultant

e To present time schedules to the Council

e To compile one project from all running projects in Ceres
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APPENDIX A2 - INTERVIEW FRAMEWORK AND QUESTIONS
The following interview framework was used when conducting interviews:
1 INTRODUCTION ‘

Description of case study - part of MSc at University of Cape Town.
Reasons for case study - _
+ understand the organisation -
- GIS not always effective
- How to measure effectiveness
- Technical vs. organisational problems
2, STRATEGY ALIGNMENT
BACKGROUND |

ORIGINAL strategies (1993)
- Values system

- Mission
- Vision

- Strategies (6)

NEW strategies (1996)
" Reason for strategic plan

- Mission -
- Critical concerns - interﬁal,
| - external
Questions:
Do you think.étrategies are necessary 7
Is there wMMent to these suétegies ?
Can IT help in achieﬁng these business objectives ?
Can GIS help 1n achieving these Business objectives ? |
Should information strategy be included in these strategies ?
ar can influence the strategy énd be influenced by it)
‘Defender Prospecfor - | Analyser
How does your orgaﬁisation fit?
. Should IT feature strongly in any future strategies ?

Can IT respond fast enough to the changes in the organisation ?

" .Reactor



98

see attitude ?
. Does any formal strategy exist for GIS?
Are the strategies éligned ?

What is the general awareness of GIS in the organisation?

3. ROLE OF IN_FORMATION IN THE ORGANISATION.

Does information have a symbolic / fashionable role ?

this have saved costs ?

Does control of too much information lead to too much power ?
_ How would you gauge the attitude towards IS & GIS

at council level

at top official level

at middle management level
4  ORGANISATION CULTURE

How do you define GIS? (software, hardware, data, training people, culture etc.) |

Should the organisation be actively considering the latest developments in IT, or adopting a wait and

Does it support decision making or are decisions based on past expén'ence, intuition ?

. Do you think all information would assist thé decision making process if it was more réadily available?

Do you know of examples where more information would have assisted with major decisions? Would

Would access to too much information be a threat to the benefits of personél interaction ?

Four dominant culture types
POWER ' ROLE "~ TASK PERSON
, . , Dominated by Based on logic and Team based Serves the
} ' powerful head ‘rationality - , individual
j: Absence of formal Dominated by rules Getting things done Orgaﬁisational |
| structures and procedures without control goals are secondary
: | from the top

Willingness to Conformity and

follow lead of predictability

charismatic central

figure

- How does your organisation fit ?
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- Has the culture developed historically ?

- have recent changes affected this culture ?

- Do you think it will change further ?

- Are cultures different at different levels in the organisation ?

- How else would you describe the organisational culture?

e.g.  ethics, morals, privacy, confidentiality, responsible, values, service orientated

DEGREE OF CENTRALISATION

How should GIS be implemented?

Corporate vs.

Different priorities of users
Control of Information
Disagreements
Distribution of power
Individuals feel threatened
Counter implementation
Data sharing

Less organisational efficiency

Departmental

Independence
Individual capabilities
Costs of duplicate data
Lower cost GIS

Newer systems that integrate

-How do you see the current situation i.e. different systems in the Electrical & Civil departments ?

For further GIS in other departments, what route should be followed ?

Is outsourcing an alternative ?

IMPLEMENTATION PERSPECTIVES

three perspectives

T.D. M.R. SL
Only technical " Rational top User sensitivity

issues down
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Do you agree or disagree with the following statements.

e The main requirements for chobsing and making GIS work are technical. (TD)

o The advantages of GIS are obvious. (TD)

o The introduction of GIS will automatically improve working condition.é and
de;_:ision making. (TD) |

o Once purchased and installed the GIS will automatically be used. (TD)

o GIS will wen@ly be adopted by all municipalities. (TD)

e What are more important, technical issues or organisational issues and human issues?
(TD/MR)

e Technical specialist should be in charge of the system. (TD)

e GIS isv not expected to be used for its technical p;openies but also to achieve management
strategies. ( MR) |

¢ GIS implementation should follow a set recipe as used by other authon'tic’es.‘ (MR)

¢ Following this recipe will autorﬁatically lead to a successful system. (MR)

¢ Do you tlunk individuals in the organisation are committed to fo_lloxﬁng the organisation
goals or their personal goals. (SI) |

o GIS may never be tbtally successful. (SI)

o Does GIS success depends on dictation by top management or consensus amongst all levels.
(SI.) , . ,

° Persoﬁal agendas such as p_efsonal status, pfomotion and authority play a big role (SD

o The possibility exists that certain indiﬁduals would countéf GIS implementation a&empts.

& |

7. MEASURES OF EFFECTIVENESS

Is it necessary to measure the effectiveness of GIS. ?

How would you measxﬁe how effective ﬂye system is ?

e Measure how GIS is achieving the organisation strategies ?

e Compare costs with benefits. How would you define benefits ?

e Measure how much the system is used ?

e Measure users’ attifude, behaviour and pefceptions of the system ?

i.e. How useful they think it is 7, and
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How easy they think it is to use ?

OTHER QUESTIONS

Role of consultants ?

Role of vendors ? Pressure to buy ?

Loss of expertise ? »

Choice of GIS manager ? Individual versus committee?

How do you see the future of the organisation and the role of GIS ?

- SYSTEMS UTILISATION QUESTIONS

GIS definition: H/'W, SW, Data, CAD etc.

SYSTEM FUNCTIONALITY

Has GIS as a (complete) Technology got the functionality to meet the organisations needs ? '

Your own job needs ?
N .

Has your current GIS got suﬂicierit functionality to fulfil the organisation needs ? - '
Your own job needs ?

SYSTEMS USAGE  (Past - Present - Future)

Is the GIS used to its full capacity ?

- Used as originally ihtended, i.e. the reasons for which it was purchased ?

Used sufficiently to fulfil your job needs 7
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10. ©  GIS BENEFITS QUESTIONS

: GIS purpose & aims ?

Tangible Benefits (In term§ of savings in staff time, costs. consultants fees, & sale of data, maps
Producing maps (Topo, Cadastral, Services, Zonings, erf diagrams)

Display/Query information (Erf info, valuations, contours, detail)
Spatial Analysis (Erven within radius, within suburb. Buffers from roads, pipes etc.)
Access to information by other departments (e.g. Elec. Treasury, Health)

Supply of Digital Data (To consultants, bliilders, public etc. - Savings in time & cost, charg_ing for
supply) '

_Other staff savings (Field visits, opening services, public enquiries, council reports)

Intangible Benefits .
Better decision making (Management & council level)

Reduction of risk

Data backup

improved services payments (Measufe as % improvement)
- Improved service to public

Improved Safety (e.g. Location of pipes, cables etc.)

Future Benefits (Routing, Crime analysis, Services payments, health services)
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A3.2 BENEFITS - CIVIL ENGINEERING DEPARTMENT

Tangible Benefits (In terms of savings in staff time, costs, consultants fees, & sale of data, maps etc.)
Producing maps (Topo, Cadastral, Services, Zonings, erf diagrams)

Estimated saving of 2 drawing office staff members R100 000 psi.

(Assume saving of first person in 2 year and second in 4 ™ year of implementation)

Display/Query information (Erf info, valuations, contours, detail)
Estimated saving of 1 administration staff member RS0 000 pa.

(Assume saving in 4 ™ year of implementation)

Spatial Analysis (Erven within radius, within suburb; Buffers from roads, pipes etc.)

No estimated benefits

Access to infbrmation by other departments (e.g. Elec. Treasury, Health)
Estimate saving of 1hr per day by Technical Assistant i.e. R 70000 pa/8 R 8750 pa.

(Assume saving in 4 ™ year of implementation)

Supply of Digital Data (To consultants, builders, public etc. - Savings in time & cost charging for supply)

No estimated benefits | -

Other Staff savings (Field visits, opening services, public enquiries, council reports)
Estimated savings due to reduced field checks
Estimate 1 Superintendent and 2 workers ‘ : R 80 000 pa

(Assume saving in 4 ™ year of implementation)

Intangible Benefits

Better decision making (Management & council level)

Estimate 10 hrs per month saving due to quicker access to information v R 5800 pa

Reduction of risk _

No estimated beneﬁts




Data baékup ‘
Estimated value of data for insurance purposes (R 750 000-00)
Estimated insurance premium (willingness to pay )

(Implemented pro-rata over 5 yr. period)

Improved services payments (Measure as % improvement)
Estimated potential of 20 % improvement

Estimated as a future benefit, 10% pa improvement over next 2 years

Improved service to public

Definite benefits exist but not quantified

Improved Safety (e.g. Location of pipe;, cables etc.)

Possible benefits éxist but not quantified

_ Future Benefits (Routing, Crime analysis, Services'payinents, health services)
Reduced water losses (Currently 20% of R 3 million annual water bill))

Estimated 5% reduction possible using GIS

'R 12 000 pa

R 149 000 pa

R 150 000 pa

Improved maintenance - i.e. managed maintenance as opposed to continuous ad-hoc maintenance

Estimate reduce maintenance teams by 33% (1 Snr supervisor & 4 labourers)

R 180 000 pa
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 A33 VBEN.EFVITS - ELECTRICAL ENGINEERING DEPARTMENT _ _
| Tanﬁble Benefits (In terms of s.avingg in staff time, costs, consultants fees, & sale of data, map: s etc.)
Producing maps (Topo, Cadastral, Sérvices, Zonings, erf diagrams) -

Pro&u’dng sets of plans for oontractérs. Previous manual methods, estimate 1 week (R1000) of updating &
draughting. With GIS estimate R100. Saving R900 every 2 months | RS540 pa

Assume benefit from year 2

‘ Display/Query information (Erf info, valuations, contours, detail)
Reseafch and extraction of data forv municipal yearbook
Manually estimate 1 week (R1000) |
. With GIS 4 hours. Estimated saving 36 hrs _  R90pa
National Electricity Regulator (NER) requests for data & plans
| estimate sayving full time Technical Assistant | R 60 000 pa

- Assume benefit from year 3

Spatial Analysis (Erven within iadius, within suburb, Buffers from roads, pipes efc.)

No benefits identified

Access to information by other departments (e.g, Elec. Treasury, Heaith)
Supply of Electricity Statistics
Estimated saving of 2 days per month | R 4500 pa
 Assume benefit from year 2 | |
Supply of position of electrical services to Civil Engineering Department
15 days per month / ~ R30000pa

Assume béneﬁ_t fromyear 3 -

Supply of Digital Data (To consultants, builders, public etc. - Savings in time & cost Charging for supply)

No estirhate' attempted
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Other Staff savings (Field visits, opening services, public enquiries, ébmicil reports)

- Field staff eprsing services

estimate R 300/day, 3 days per month _ ~ R10800 pa

Assume benefit from year 2

Intangible Benefits

Better decision making (Management & council level)

- 'No estimated benéﬁts

‘ Reduction of risk

Potential losseé to fruit juice industry R40 000 /day
~ Assume at least 1 day per year prevehtative downtime due to better electricity supply fnanagement
due to GIS | - | R 40 000 pa

(Implemented pro-rata over 5 yr. period)

Data backup
GIS data probable insured value R300 000 to R500 000
Insurance premium willingness to péy R1000/month : R 12 000 pa

(Implemented pro-rata over 5 yr. period)

Improved services payments (Measure as % imprdvement)
Current losses Nduli area 50% non payments of R23 000/month
Reduce to 15% i.e. gain additional 35% R16 100/month - : R 96 600 pa

(Possible future benefit, implemented over future 2 yr. period at 17,5 %vpa.)

Improved service to public

Definite benefits exist but not cjuantiﬁed

Improved Safety (é.g, Location pf pipes, cables etc.)

No estimated benefits
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Future Benefits (Routing, Crime analysis, Services payments, health services)

Savings on annual audit costs cﬁrrently R 60 000 pa

assume 25% saving _ » - R15000 pa
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' APPENbIX A 3.4 - BENEFITS - CIVIL ENGINEERING DEPARTMENT

BENEFITS - Civil Dept. : PRESENT FUTURE
_ - year{ 92/93 93/94 94/95 95/96 96/97 TOTAL 97/98 98/99 TOTAL

Tangible Benefits , _ :
Producing Maps R 50,000f R 50,000] R 100,000{ R 100,000 ~ R 300,000 R 100,000{ R 100,000 R 500,000
Display/Query R 50,000 R 50,000 R 100,000 R 50,000 R 50,000 R 200,000
Spatial Analysis ' .

" JAccess to Information R 8,750 R 8,750 R 17,500 R 8,750 R 8,750 R 35,000| -
Supply of Digital Data :
Other Staff Savings R 80,000 R 80,000 R 160,000 R 80,000 'R 80,000 R 320,000
Intangible Benefits B : :
Better Decision Making R 5800/ R5,800 R 5,800 R 17,400 R 5,800 R 5,800 R 29,000
Reduction of Risk _ ' ’
Data Backup 'R2,400] R4,800] R7200, R9600 R 12,000 R 36,000 R12,000f R 12,000 R 60,000
Improved Services payments : ' R 149,000 R 300,000 R 449,000
Improved Service to Public
Improved Safety o
Future Benefits R 330,000 R 330,000 R 660,000
TOTAL R 631,000 R 2,253,000




. APPENDIX A 3.5 - BENEFITS - ELECTRICAL ENGINEERING DEPARTMENT

| PRESENT

BENEFITS - Electrical Dept. : : FUTURE

‘ - -year] 92/93 93/94 - 94/95 '95/96 96/97 TOTAL 97/98 98/99 TOTAL
Tangible Benefits
Producing Maps R5400] R5400] R5400F R5400] R 21600 R 5,400 R 5,400 R 32,400
Display/Query R 60,900] R60,900] R 60,900] R 182,700 . R 60,900} R 60,800 R 304,500
Spatial Analysis ‘

Access to Information R4,500] R4500] R4500] R 4,500 R 18,000 R 4,500 R 4,500 R 27,000
Supply of Digital Data 'R 30,000] R 30,000] R 30,000 R 90,000] R 30,000] R 30,000 R 150,000
Other Staff Savings R 10,800] R 10,800/ R 10,800} R 10,800 R 43,200 R 10,800 R 10,800 R 64,800
Intangible Benefits -

. |Better Decision Making ' _ ‘

- ]Reduction of Risk R 8,000] R 16,000] R 24,000] R 32,0001 R 40,000 R 120,000 R 48,000] R 56,000 R 224,000
Data Backup , R2400] R4800] R7200, R9600] R12000] R 36,000 R 12,000] R 12,000 R 60,000
improved Services payments . R 96,600|R 193,200 R 289,800
Improved Service to Public

" |improved Safety e
Future Benefits R 15,000] R 15,000 R 30,000(
TOTAL R 512,000 ‘

R 1,183,000




~ APPENDIX A4 QUESTIONNAIRES

COMPUTER SELF EFFICACY QUESTIONNAIRE

Often in our jobs we are told about software packages that are available to make work easier. For the
following questions, imagine that you were given a new GIS software package to start using. Assume
that you have never used it before. "

lndicéte YES or NO. If you choose YES, indicate your confidence between 1 & 10
Please be totally honest. The results will remain anonymous

| COULD COMPLETE THE JOB USING THE GIS SOFTWARE .....

Notatall  Moderately Totally
confident confident conﬁdent

Q1...if there was no one around to tell me what YES 12 3 4567 89 10
todo asigo : _ NO

Q2. if I had never used a package like it before YES 12 3 45 6 7 8 9 10
| | NO

Q3. if I had only the software manuals forreference YES 1 2 3 4 5§ 6 7 8 9 10

NO

Q4. if | had seen someone else using it before YES 1 2 3 4 5 6 78 9 10
irying it myself : . NO

Q5. if | could call someone for help if | got stuck YES_ 1 2 3456718910

Q6. if someone else had helped me get stafted | YES 12345678910
| o NO

Q7. if I had a lot of time to compleiethejqb - YES 1 23 456 789 10

| NO |

Q8. if | had just the built-in help facility for assistance YES 1 2 3 4 567 8 9 10
NO

Q8. ifsdmeone showed me how to do it first - YES 1 2 3 45678 9,10
w

610. if | had used similarpackages'before this one YES 1 2 3 4567829 10"

~ to do the same job NO
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MEASUREMENT SCALES FOR PERCEIVED USEFULNESS AND PERCEIVED EASE OF US
PERCEIVED USEFULNESS

Using GIS in my job would enable me to accomplish tasks more quickly.

likely |______| | | I | | unlikely
extremely quite slightly neither sligr_\ﬂy quite extremely

Using GIS would improve my job performance

likely | | | l I I | | uniikely
extremely quite slightly neither slightty quite extremely

Using GIS in my job would increase my productivity

likely | | I | I R | unlikely
extremely quite slightly neither slightly quite extremely

Using GIS would enhance my effectiveness on the job

likely | | | | | | | | unlikely
extremely quite slightly neither slightly quite extremely

Using GIS would make if easier to do my job

likely | | | | | | | [ | unlikely
extremely quite slightty- . neither slightly quite extremely

| would find GIS useful in my job

likely | | I I_ | | | untikely
extremely quite slightly neither slightly quite extremely :

PERCEIVED EASE OF USE
Leamning to operate GIS would be easy for me

likely | l B | | | | unlikely
extremely quite slightly neither slightly quite extremely

I would find it easy to get GIS to do what | want it to do

likely | | | l | | | | unlikely
. extremely  quite slightly neither slightly quite extremely»

My interaction with GIS would be clear and understandable

dikely ||| | | I l | unlikely
extremely quite slightly neither slightty quite extremely.

.1 would find GIS to be flexible to interact with

likely | l I | l_ | X | unlikely
extremely quite slightty : nelther slightty quite extremely

it would be easy for mé to become ékilful at using GIS

. likely | | |__ I I l | | unlikely
extremely . quite " slightly neither slightly quite extremely

| would find GIS easy to use

likely | | | | | | I | unlikely
) extremely quite slightty neither slightly quite extremely






