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Additional points of clarification

Paragraph 2.4.2: For a better structuring and a specification of business risk for the

purpose of this research consult paragraph 3.3.1.
Page 34: A full definition of IT could be found in the questionnaire (Appendix B).

Figure 5.5.1: Of those managers who are affected negatively, 70% would invest if the

effect is not large. Of those affected positively, 66% would invest if the effect is large.

The last sentence of the first paragraph on p 79: Additionally it can also be
conjectured by this study that when technology fits the organizational situation,
significant savings in operating co\sts are possible, thereby supporting Harris and Katz's

(1991) study.



ABSTRACT

The effect of IT investment on the risk and risk profile of managers were studied in the IT-using
industry in Namibia. IT investment uses certain of an organization’s resources. The following
models (computerization index (CI), IT expense ratio (ITEX), IT costs efficiency ratio (ITCE),
operating cost efficiency ratio (OPEX), operating leverage, cost-benefit ratio, return on IT assets
ratio and profitability performance measurements in terms of six strategic ratios; profit/total assets,
profit/turnover, turnover/total assets, gross margin/turnover, profit growth rate and sales growth
rate) were used. The study also established the importance of perceived risk in any organization’s
and managers’ daily activities. The study further investigated the close link between calculated

organizational risk and IT investment decisions.

The results displayed a positive association between the CI and turnover growth. A link was
shown between ITEX and OPEX and OPEX and the monetary value of IT, allowing the study to
accept these two hypotheses. It was thus concluded that CI and ITEX could be used as a possible
measurement of computerization. On the other hand, managerial perceived and calculated
organizational risk were not found to be the deciding factors while an IT investment was being

made.
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CHAPTER 1! Introduction

Chapter 1

Introduction

1.1 Introduction

This chapter will present an overview of the research. It includes a short introduction and explains

the contents of the chapters that follow.

1.2 Overview

Harris and Katz (1988, 1991) posit that technology is changing the way organizations compete.

They conjecture that some organizations in the first world could set an example of the extent of

information technology (IT) investments the best. This created incentive for this study to examine

the relationship (if any) between financial performance and the level of IT investment amongst

organizations in Namibia as possibly representative of a developing country.

Weill and Olson (1989) conducted case studies on managing IT investment. They note that it is

important for organizations to understand the impact of IT usage on operating results and

profitability. They further conjecture that it would be possible to develop strategies for IT

investments that would help an organization to gain or maintain its competitive advantage.

The Impact of IT investment on the financial performance of organizations
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CHAPTER 1: Introduction

Because of the difficulty of measuring benefits, researchers such as Shoval and Lugasi (1988) and
Ahituv and Neumann (1990) assessed different approaches in measuring the impact of IT
investment on an organization. Such authors include Kwong and Mohamed (1985) and Harris and
Katz (1988, 1991). Kwong and Mohamed designed their computerization index (CI) instrument
that can be compared with performance ratios to evaluate quantitatively the impact of
computerization on profitability. Harris and Katz used what they termed the information
technology expense ratio (ITEX) and the operating cost efficiency ratio (OPEX) to find a
relationship between profitability and IT expenses in the short term. Shoval and Lugasi (1988)

examined the use of a utility model that can aid in deciding between different IT investments.

1.3 Statement of the Problem

From the above discussion, it is evident that IT investment uses certain organizational resources.
The approach noted by Weill and Olson(1989) that IT expenditure should be measured and tracked
over time against a convenient base, therefore deserves research attention. Also that every IT
investment should be treated as a portfolio investment with different aims and associated levels of
risk. Authors such as Ahituv and Neumann (1990), Shoval and Lugasi (1988) and Ward (1987)
conjecture that organizational resources, based on the above, could be subjected to risk. They
further suggest that this approach could help with the measurement and tracking of IT expenditure

over time.
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CHAPTER I: Introduction

King (1988) supports a similar idea. He notes that among the cr.teria for IT investment that may
be used is the assessment of the risk involved in various IT alternatives. Shoval and Lugasi (1988)
support research in a new direction by noting that the cost-benefit ratio alone is not sufficient.

They suggest that it is important to consider the decision maker’s attitude to risk and uncertainty.

1.4 Brief statement of the Hypotheses

The first series of hypotheses could be summarized as: the CI of an organization will display
positive association with different measures of profitability (that is: profit growth, turnover growth,
pretax profit/turnover, market value of IT and OPEX). Similarly, the second series of hypotheses
could be summarized as: ITEX will display positive association with profitability measures (that

is: OPEX, ITCE and the monetary market value of IT).

According to Copeland and Weston (1980) and Tinic and West (1979), it is necessary to examine
historical situations to test previous market efficiency for an investment. This can be done by
calculating the risk (risk can be defined as the probability of the occurrence of unfavourable

outcomes [Weston and Brigham: 1981]) of an organization (and/or industry) for historic situations.

Lastly, the third series of hypotheses could be summarized as: there is an association between the
CI and ITEX models and risk related measures (risk was incorporated in the following models: the
probability of affecting organizational risk when making the IT investment, return on IT assets,

operating leverage, cost-benefit analysis and organizational risk).
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CHAPTER I: Introduction

1.£ Research Methodology

Section 2.4 lists a number of models that were used: computerization index [CI], operating leverage
[OPEL], return on IT assets [R,], organizational risk factor, turnover growth (revenue stability),
stochastic process simulation [SPS], information technology expense ratio [ITEX], operating cost
efficiency ratio [OPEX], information technology costs efficiency ratio [ITCE], cost-benefit analysis
ratio [CBA] and profitability measurement ratios. These are discussed in Appendix A. The
population includes the entire Namibian and Namibian-related IT-using organizations (see Section
4.2). The final sample was reduced to organizations that indicated their willingness to participate
in the study (see Section 4.2). A questionnaire (see Appendix B) was posted to these

organizations, and these data were reworked and summarised (see Appendix C).

1.6  Contribution to Knowledge

This study examines the impact of IT on the financial performance of an organization (including
the influence of risk) when investing resources in IT. According to Weill and Olson (1989),
personal perceptions and the possibility of business failure may negate sound decisions to invest

in IT.

The present study also demonstrated a close link between risk and investment decisions. These

results are expected to be of help to managers because they provide guidelines whether to invest

The Impact of IT investment on the financial performance of organizations Page 4




CHAPTER 1: Introduction

resources in IT or not. Also IT managers are provided with a means of estimating the effect on

risk of investment and financing decisions.

1.7 Assumed knowledge of the reader

Certain assumptions regarding the reader’s knowledge have been made in the presentation of this
thesis. For instance, background knowledge of information systems and management accounting
is required to understand the terms and definitions given in section 2.2: particularly the use of
financial performance measurements. A knowledge of investment and risk analysis is also

required.

Beyond this, a basic understanding of the mathematical and statistical procedures used to analyze

the data is assumed. These procedures includes using Kendall rank correlation tests, risk

calculations and the use of decision trees and generalized financial models.

1.8 Qutline of the Thesis

Chapter I (Introduction) presents a brief outline of the study.

Chapter 2 (Summary of Past Research) A summary of relevant research, discovered in available

literature, are presented. A critical review of key studies is given at the end of this chapter.
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CHAPTER 1: Introduction

Chapter 3 (Research Questions and the Hypotheses) A comprehensive account of the research
problem is given together with hypotheses which were tested. A definition of risk is formulated,

based on the literature consulted.

Chapter 4 (Research Methodology) describes methodology used to test the different hypotheses.
Special attention is paid to the sample, measuring instruments and statistical analysis. It also

describes empirical techniques that were used and precautions taken.

Chapter 5 (The Results) describes and interprets the results obtained in this research. The

representativeness of the research sample is discussed. Finally, the study addresses the outcome

of the research.

Chapter 6 (The Conclusions) This chapter summarises the investigations and the findings.

Recommendations for further research are made.

Having presented a summary of this study, the literature survey follows in Chapter 2.
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CHAPTER 2: Summary of Prior Rescarch

Chapter 2

Summary of prior research

2.1 Introduction

Previous authors’ attempts to track information technology (IT) expenditure, that were found in
studies of relevant literature, are dealt with. This provides the background to the problem of
investing resources in IT, profitability and the associated levels of cost-benefit analysis (CBA) and

risk involved.

The need to define information systems (IS) and the value of information is addressed in Section

2.2. This is necessary for purposes of IT costs classification and the measurement of the value of
information. Earlier attempts to assess the value of the intangible benefits of IT such as those by
Ahituv and Neumann (1990) include the effect of expenditure, such as research and development.
These are included because they can affect performance and certain benefits, which the
organization receives, in the long run. Chargeback systems will be discussed (Hufnagel and
Birnberg: 1989; Bergeron: 1986) because it could be deemed as the first attempt to assign value

to information.

The appropriateness of using models which can establish IT investment measures, and keep the

concepts of CBA and risk in mind, are discussed briefly. The decision to keep both these aspects
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CHAPTER 2: Summary of Prior Research

in mind, while investing resources in IT, was taken to retain the emphasis on risk as recommended
by certain authors such as Weill and Olson (see Section 2.3). Key studies were identified on
account of their contribu‘ion and because they endeavoured to identify new directions in IT

investment measures. These studies are critically reviewed.

2.2 Definitions of Information System and the value of information

Since the study focuses on investment in IT, it is clear that information systems and their value
require consideration. Thus the terms information systems and the value of information have been

defined and described, using literature consulted.

2.2.1 Definition of Information System

Murdick and Ross (1977), in a literature study of management information systems (MIS), define
a system as a group of elements that are interrelated in order to accomplish a specific purpose. The
definition of Schoderbeck et al (1990), in a literature study of conceptual considerations of
management systems, is that a system is a set of objects together with relationships between the

objects and between their attributes, and to their environment to form a whole.

Brabb (1976), in a literature study of computers and information systems (IS) in business, defines
information as one of several resources found in an organization. Ward (1987), in a literature

study on the integration of IS into business strategies, records that information is an increasingly
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CHAPTER 2: Summary of Prior Research

important business asset. This should be used effectively to maximise the contribution thereof

before it depreciates.

Ives et al (1980), in studying past research frameworks, observe IS as a collection of subsystems
defined by functional or organizational boundaries. Davis (1985), in an empirical study on user
acceptance of IT, defines MIS as an integrated, user-machine system for providing information to

support operations, management, and decision-making functions in an organization.

Since Ahituv and Neumann’s (1990) definition is in agreement with those definitions of other
authors discussed above, their definition was accepted for this study. That is, a computer-based
information processing system is a mechanism designed to support operations, managers and

decision functions within an organization.

2.2.2 The definition of the value of information

The only detailed definition that was discovered in the literature was the one by Ahituv and
Neumann (1990). The approach to the value of information, as conjectured by Ahituv and
Neumann (a literature study: 1990), is related to who uses it, when it is used, and in what situation
it is used. They postulate that information does not have an absolute universal value because any
attempt to assess the value of information should be closely tied to the decision supported by the

information.
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CHAPTER 2: Summary of Prior Research

2.3 Previous attempts to quantify benefits received of Information Technology investment

2.3.1 The tracking of Information Technology investments
This section describes efforts at tracking IT investments found in the literature, and discusses
problems encountered. Only three in-depth studies could be located: one by Weill and Olson

(1989) and two by Harris and Katz (1988, 1991).

Weill and Olson (1989) used case studies to investigate how IT is "defined” by IS/IT practitioners
for the purposes of determining the level of IT investment, how IT investments are measured and
tracked and managed, and what factors influence IT investment decisions. They record that the
Product Portfolio and Profit Impact of Marketing Strategy (PIMS) established average IT
expenditure at 2% of revenue. Turner (1985) notes in agreement that measurement of IT
performance does not capture all factors that contribute to high organizational performance. He
further found no relationship between organizational performance and the portion of resources

allocated to IT.

Weill and Olson confirmed that the link between IT and corporate strategy varies. Claims which
emerge from their study include the suggestion that managers need to adopt a broad definition of
IT so that they know what that investment is, and that IT expenditure should be measured and

tracked over time against a convenient base. This base can include revenues, total expenses or

The Impact of IT investment on the financial pesformance of organizations Page 10



CHAPTER 2: Summary of Prior Research

management controlled costs. This suggests that the amount of every IT investment could be

treated as a portfolio investment with different aims and associated levels of risk.

According to them, matters for consideration are IT investment and return on IT investment. Weill
and Olson (1989) postulate that IT investment does not lend itself to return on investment (ROI)
approaches because it is difficult to determine the income stream and therefore the calculation of
a meaningful ROI is thus not possible. Additionally investment in IT tends to be spread throughout
the organization. The outcome of these investments, they continue, are likely to be the result of
interactions among a number of different project investments in IT (namely database, hardware,

etc.).

Shoval and Lugasi (1988) conducted a literature study on a graphical cost-benefit approach to
computer systems selection. They focus on methods for comparing the costs and benefits of
proposed options. During evaluation and selection, comparison of choices should relate predicted
benefits and costs. Shoval and Lugasi assume, however, that the benefits aspect (unlike cost) is

difficult to measure in monetary or other quantitative terms.

Harris and Katz (1988 [initial study], 1991 [completed study]) studied the relationship between
profitability and IT expenditures in forty insurance companies. They tracked IT investment against
non-interest operating expenses. The results suggest that what they termed the "most profitable

firms (top performers)" are more likely to spend a significantly higher proportion of their non-
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interest operating expense on IT. Harris and Katz note that the "least profitable" firms are more
likely to spend a significantly smaller proportion of their non-interest operating expense on IT.
They note, however, that each business situation should be evaluated on its own merits (see Section

2.4 and Appendix A) and thus could not provide an instrument guaranteed as universally reliable.

As is evident, the literature covered above suggests the need to calculate the total investment in
IT and benefits received. No general method of determining such benefits, however, could be
found in the literature surveyed. Shoval and Lugasi (1988) note in agreement that the decision-
maker will, with this knowledge, have to weigh various investment alternatives against each other

to make the final investment decision.

2.3.2 Previous attempts to classify costs in assessing the value of information

Ahituv and Neumann (1990),in a.literature study of management information systems, postulate
that any attempt to assess the value of information should be linked to a decision supported by the
information provided. They emphasise the need to employ economic criteria in IS planning and

development and recorded difficulties involved in assessing costs and benefits of information.

Ahituv and Neumann (1990) further posit that the selection of criteria to be used in comparative
analysis, and the performance of numerical calculations, is the easier part in cost-benefit analysis
(CBA). The difficult part, they claim, is to identify all the elements that form part of costs and

benefits, and to determine how to measure (or estimate) all these elements. They thus classify
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costs into the following categories: tangible monetary costs; tangible non-monetary costs; and
intangible costs. The last category they sub-divided into costs transformable into monetary terms,

and those that cannot be transferred into monetary terms.

Keen (1981) proposes the use of an evaluation technique of benefits received, from making an IT
investment, which he calls value analysis. This technique differs from CBA in that the emphasis
falls on benefits. The evaluation technique is based on the assumption that benefits are of primary
interest to decision makers and that computing the CBA is redundant if benefits meet some
threshold. This also applies, he claims, where the costs are within some acceptable limits. This
method attempts to reduce risk by insisting on prototyping as part of the evaluation process. A
drawback of this proposal, Keen notes, is the limited form of evaluation that may include relevant

measures.

Ahituv and Igbaria (1988) address the problem of establishing a financial policy for managing
computer systems. They propose a model incorporating facets such as: determining the cost rates
of hardware resources and evaluating the impact of pricing policy and budget planning. These
authors conjecture that managing a computing centre involves some major activities: namely the
costing of computer activities; pricing of computer services; and budgeting for the future
acquisition of resources and operations. Additionally, they claim, the common method for
allocating direct and indirect cost consists of identifying measurable computing activities, allocating

direct costs, overhead costs and determining standard rates for each unit of resource being used.
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CHAPTER 2: Summary of Prior Research

Abhituv et al (1989) conducted a literature survey on the relationship between various organizational
attributes and the deployment of hardware resources. As a basis for their hypothesis, they searched
for previous evidence of a link between economic sector and hardware distribution in IS literature,
finding none. Additionally, no significant relationship was found after completion of the statistical
analysis. This was controlled by focusing on the omittance or aggregation of certain categories.
It was also determined that there was no further indication of a significant relationship between the

various organizational attributes and the deployment of hardware resources.

It was observed by Ahituv et al (1989) that information on sectoral organization cannot assist in
predicting the level of hardware distribution. It is difficult, they assert, to price computer services
because of the existence of intangible benefits. Keen notes, however, that it is possible to reduce
the risk involved in doing value analysis of benefits by using prototyping as part of the evaluation

process. In other words, an approximate measure is preferable to no measurement at all.

2.3.3 Attempts to measure the effectiveness of the usage of information technology and benefits
that it imparts to the organization

Various approaches were used by researchers such as Kwong and Mohamed (1985) and Ward

(1987) to measure the benefits that an organization receives. Ward (1987) claims that contrary to

common policy, expense such as research should be included as part of the total IT investment

Ccost.
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Kwong and Mohamed (1985) suggest the use of a computerization index (CI) in their empirical
study on the quantitative evaluation of the impact of computerisation on profitability. CI, they
claim, measures the extent and sophistication of computerisation. It incorporates factors such as
the number of computers, application software, staff, number of shifts and the years of computer
usage. Also the size of the Central Processing Unit (CPU), hardware costs, organizational location,

level of management activity, and project-investment analysis (see Appendix A).

Kwong and Mohamed (1985) compare the methods of Product Portfolio and Profit Impact of
Marketing Strategy (PIMS), and the Boston Consulting Group Method as measurements of financial
performance. In contrast with Harris and Katz (1988) the conclusion is that return on investment
(ROI) is a suitable measure of financial performance in spite of its deficiencies in dealing with the
timing, duration and risk differences among returns. Consequently their decision was to use

multiple measures of financial performance (for example Gross Margin: Gross profit/Total sales).

Kwong and Mohamed observe that the organizations examined showed an "increasing degree" of
computerisation. They note that this "generally" relates to an increasing profitability margin as
indicated by the positive correlation between the CI and the ratio of pre-tax profit to revenue.
Their conclusion was that computerisation is positively associated with improved performance, in

both the short and long term.
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Ward (1987) in a literature study of the integration of IS into business strategies, conjectures that
there are trends of a decrease in the costs of IT and increase in capabilities in IT. This trend
would boost the use of ‘:chnology in both the economic and technical fields. He claims that

central planning enables a better understanding of competitive opportunities and requirements.

Ward conjectures further that research and development expenditure may include wasted
investments because of "trial and error”: that is, discarding recently acquired IT when it proves to
be inappropriate. This implies that IT investments can be expensive and wasteful, and requires
competent managers to convert original ideas into effective applications.‘( According to him, IS
applications are the end product of IT development, and like an investment, must provide at least
an approximate return. He notes that managers must keep in mind that the potential advantage to
be gained from IT will rise and fall according to the profitability of the organization at large, as

is the case with any other risk investment.

King (1988) describes, in a literature study on the effectiveness of IS planning, a comprehensive
evaluation of an organization’s process for IS strategic planning. He notes that resource inputs
have to be used to describe and evaluate the overall impact of IS strategic planning on an
organization. King studied the effectiveness of IS planning, describing this as the "evaluative
dimension". He uses this term to describe a set of measurements that can be made to address the
issue of how well the IS planning system has met its goals. Hence, he claims, it is possible to

record the relative worth of the IS planning system.
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2.3.4 The use of chargeback systems where the IT department is seen as a profit centre

A chargeback system, as defined by Bergeron (1986), is a mechanism that helps users allocate
financial resources among projects. It does not ensure the organization of an adequate return on
investment for its IS expenses but it should help sustain organizational profitability. Possible
solutions where the IT department is seen as a profit centre are considered by authors such as
Hufnagel and Birnberg (1989) and Bergeron (1986) as the solution to attempts in quantifying IT.
This occurs where chargeback systems (Olson and Ives: 1982) try to evaluate information provided

by the IT department.

Hufnagel and Birnberg (1989), in a case study of perceived chargeback system fairness in
decentralised organizations, suggest that difficulties can arise in decentralised organizations when
usage-based chargeback systems are implemented to control computing resources. They note that
most chargeback systems are designed directly or indirectly to affect organizational decision

making as far as the use and/or management of IT is concerned.

Surveys conducted by Drury (1980) and Choudhury et al (1986) in chargeback and non-chargeback
environments provide evidence that MIS managers generally are in favour of using chargeback to
control the utilisation of scarce information resources. MIS managers, they conjecture, use
chargeback systems to control user and management involvement in MIS activities. A study of

IS Controls by Mautz er al (1983) determined that chargeback systems provide benefits: an
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assertion supporting the benefits noted by Drury and Choudhury er al. Mautz et al describe these

chargeback systems as "difficult to operate” on an equitable basis.

In a field survey, Bergeron (1986) investigated the factors involved in the use of IS chargeback in
organizations. He found that it was possible to assess the relative competitive efficiency and
capability of the IS department and to provide information on the costs of adding or removing
computer applications. Another finding, however, is that chargeback systems do not ensure the
organization of an adequate ROI for its IS expenses but may help sustain the organizational

profitability.

Solomon and Tsay (1985), in a study on current chargeback practices, identify primary purposes
for internal pricing schemes. First, transfer pricing (a form of chargeback pricing) is designed to
motivate profit centre managers to make sound economic decisions. Second, transfer pricing
provides a basis for rating the performance of each profit centre in terms of its separate
contribution to corporate goals. Ronen and McKinney (1970) support these principles. They add
another constraint, namely, that transfer pricing system must motivate managers to increase their

operating efficiency without a loss in the autonomy of divisions as profit centres.

Hufnagel and Birnberg (1989) conjecture that dual chargeback pricing indicates that cost-based
prices are preferable when the selling unit is a cost centre. They posit some benefits of a dual

chargeback pricing system as: (i) it serves as a means to compensate divisional managers for the
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loss of autonomy resulting from a policy of mandated internal sourcing; (ii) as divisions could buy
computing services at competitive rates, divisional concerns about fairness should vanish; and (iii)
a strategy of dual pricing on internal sales should eliminate the inevitable conflict that will occur
if divisio.is found that external clients were charged less. Dual pricing is not recommended by
them as a long-term solution, for this could create organizational slack owing to the favourable
price each unit receives. The dual pricing system approach consists of charging buyers full-cost
for products/services purchased internally, while crediting sellers with market price on the sale.

Despite the chosen method they claim, market price usually exceeds full cost.

McKinnon and Kallman (1987) developed a model, mapping chargeback systems to organizational
environments in their study. They postulate that a critical problem facing MIS is to decide what
kind of chargeback system to install and whether it will be applicable in the future. A complete
chargeback accounting service, they claim, should record usage in such detail that it identifies all
consumed resources and it should identify the individual performing the work and the department
receiving the benefit. They postulate that organizations have to analyze all computing costs to
provide a basis for selecting a pricing strategy. Howard (1981) suggests that organizations should
cost each IS processing resource category individually and then charge this out. This will allow

user managers to associate charges with the value of services delivered.

Allen (1987) in a literature study on methods to make IS pay its way, suggests that companies can

use IT as a key to competitive advantage. This can be effected by running IS as a business within
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a business. It must be remembered, notes Allen, that a profit centre department differs from other
departments because budgets are variable and the centre sells services at a price. He further

indicates that charge-out is a matter of costing, not pricing.

Allen explains that in the past hardware had been the big cost item. Today costs have shifted
towards software. He conjectures that economies of scale in processing no longer exist, but IS
overﬁead is still a cost borne by users. Allen summarises these ideas by noting that IS costs are
not really fixed but can be made to vary with volume or demand over time. He reports that one
advantage of viewing the IS department as a profit centre is that the organization benefits from
this. It encourages the use of information processing when the total value of using the service

exceeds the cost of the service and when the price received by IS for the service exceeds its cost.

As can be seen from the above, the chargeback systems method is one technique used to quantify
the benefits which an organization receives from IT (Hufnagel and Birnberg). Mautz et al observes
that these chargeback systems are complex to operate. Allen, however, postulates that a

competitive advantage can be gained from them.
24  Models for IT investment decision making

To test statements made by authors such as Weill and Olson, and Harris and Katz in the literature

studied, and to justify decision making on IT investments, suitable models were required. Eleven
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such models for IT investment decision-making were found in the literature. These are:
Computerization index (CI), operating leverage (OPEL), return on IT assets (R,), organizational
factor, revenue stability, stochastic process simulation (SPS), IT expense ratio (ITEX), operating
cost efficiency ratio (OPEX), IT cost efficiency ratio (ITCE), the probability of making an IT
investment when organizational risk is affected positively/negatively when making an IT
investment, and cost-benefit analysis ratio (CBA). Detailed descriptions of the mathematical
calculations supporting each model may be found in Appendix A. A brief description of each

follows.

2.4.1 Computerization Index (CI)

Kwong and Mohamed (1985) quantitatively evaluated the impact of computerization on profitability
by developing a computerization index (CI) in full. The CI is claimed to measure the extent and
sophistication of computerization. Ten variables (for example years using computers, management
activity level, etc.) were selected to collectively represent the computerization process (see

Appendix A).

2.4.2 Risk and risk related measures

According to Weston and Brigham (1981), business risk is measured by the variability of the
operating income over a minimum period of two years (earnings before interest and taxes: EBIT).
An influence on the degree of variability in EBIT is the extent to which the organization has fixed

operating expenses (operating leverage) such as depreciation on fixed assets (see Appendix A).
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Business risk is the inherent uncertainty or variability of expected pre-tax returns on the
organization’s portfolio of assets, according to them. Gitman (1991) defines business risk as the
risk to the firm of being unable to cover its operating costs. He conjectures that revenue stability

affects business risk.

Weston and Brigham define operating leverage as the percentage change in earnings before interest
and taxes (EBIT) divided by the percentage change in turnover (EBIT will be equated with
operating profit for the purpose of this study). Operating leverage affects EBIT, while financial

leverage affects earnings after interest and taxes (earnings available to the owners).

2.4.3 Stochastic Process Simulation (SPS)

Post and Diltz (1986) describe the stochastic process simulation (SPS) approach as consisting of
two fundamental changes to the expected value approach to risk analysis. This was in a case study
on the use of the SPS approach to risk analysis of computer systems. The primary objective is to
compare the costs associated with various options. SPS analysis evaluates the entire distribution
of IT investments. Only the basic interpretation of SPS is presented (see Appendix A for a detailed
discussion). SPS considers any project as a whole and takes uncertainty (risk as defined above)
into consideration when any investment is reviewed (Wilson: 1969). Ziemba and Vickson (1974),
in a study of stochastic models in finance, suggest that the investor will normally have some
investment options available from which they can freely choose. They conjecture that the

investor’s goal is to maximize the expected utility of terminal wealth.
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The first step, it can be conjectured, in this approach is to assume that the initial IT investment
must be replaced or enlarged. The next step would be to analyze the effects of the assumed IT
investment at various points in time. According to Post and Diltz, the analyst should examine all
the areas of the system that are to be replaced or enlarged. While comparing alternatives, the

decision maker has to realise that he/she is faced with a set of risky alternatives.

Gottfried (1984), in his literature study on elements of stochastic process simulation, notes that the
objective of SPS in risk analysis is to assess the desirability of the proposed investment. This he
bases upon some financial decision criterion such as present worth. He posits that comparisons
can be made based on an acceptable level of risk. Post and Diltz conjecture that the primary
advantage of SPS methodology is that it is designed to answer the specific question of what type
of investment should be made. The point of this analysis, they note, is in helping managers

selecting between alternative IT investments.

2.4.4 IT related ratios

Harris and Katz (1988, 1991) (see Appendix A), in a study of the relationship between profitability
and IT expenditures, set forth a theory that the most profitable firms are more likely to spend a
significantly higher proportion of their non-interest operating expense on IT. In other words, they
consider the organization to be IT capital intensive. They note that the least profitable
organizations are more likely to spend a significantly smaller proportion of their non-interest

operating expense on IT.
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The ratios described by Harris and Katz reflect IT expenditures of organizations. The model
calculates two ratios, one being the operating cost efficiency ratio (OPEX)(non-interest operating
expense to premium incc me) and the other being the IT expense ratio (ITEX)(IT expenses to non-
interest operating expenses). These ratios are used for comparison and to plot graphs for visual

presentation in the actual research.

2.4.5 Cost-Benefit analysis

Shoval and Lugasi (1988) in a literature study on a graphical cost-benefit approach to computer
systems selection, postulate that a cost-benefit graph can be used by the decision maker to select
among alternative computer systems while not only considering the best cost-benefit ratio, but also
the relative importance of the benefit and cost factors in a given situation. They note however, that
the cost-benefit ratio needs to be supported by some form of a graphical tool to show the absolute
values of the parameters, their relative importance to the decision maker, and his attitude to risk

and uncertainty (see Appendix A); a utility theory based on von Neuman’s principle.

2.5  Critical review of key studies

2.5.1 Weill and Olson (1989)
Weill and Olson (1989) emphasize the difficulties of measuring both costs and benefits of IT
investments. Alternative aggregate measures of performance, such as return on assets or growth

rates can be used, but these all face conceptual and practical difficulties, according to them.
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The authors claim that the only spending guide available for managers is that of competing
organizations. They overlook the fact, however, that it is difficult for competing organizations to

acquire each other’s information on levels of IT expenditure.

While noting that IT investment does not lend itself to ROI approaches they claim that certain IT
investments can give a negative return. This was in contrast with the conclusion by Kwong and
Mohamed (1985) that PIMS base their method on ROI as a suitable measure of performance.
Weill and Olson (1989) record a variety of definitions and methods of tracking of IT in the
reported case studies. This makes it difficult to come to a conclusion in the empirical sense. They
postulate that it is almost impossible to identify all costs connected with resources because some
hidden costs will arise from operational expenses. This, it will be noted, conflicts with the findings

of McKinnon and Kallman (1987).

2.5.2 Kwong and Mohamed (1985)

The variables used by Kwong and Mohamed for their CI do not consider the organization (system)
as a unit, as defined by Schoderbeck et al (1990) in their literature study, nor did they research the
objectives of complete systems. They did not focus on the processes that link the parts of a system
together. This is in conflict consequently with the definition of the system that was accepted for
use in this study, by which relationships between objects and their attributes are clearly defined.

This is relevant because the boundary of their study is consequently not clear.
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The analysis by Kwong and Mohamed reveals that there is a positive correlation between
performance and the degree of computerisation. Weill and Olson (1989) recount cases where a
relationship between IT investment and performance were indeed established. They note, however,
that the results could not be generalised beyond that particular industry. Kwong and Mohamed
note that large CI's associate with an increase in ROI. Weill and Olson, however contradict that
by noting that IT investment does not lend itself to ROI approaches because of the problem to

determine the income stream, and because of the spread of IT throughout the organization.

2.5.3 Bergeron (1986)

Hufnagel and Birnberg (1989) criticise the study of Bergeron (1986) for being interpretively too
broad for application. Contingency theorists in management accounting (Otley: 1980) point out
that there may not be a single control system that is universally appropriate in all organizations
under all circumstances. King (1988) notes that allocation problems for costs in centralised
organizations are different from the ones in decentralised organizations. Bergeron did not
considered this. Hufnagel and Birnberg further note that it is not surprising for billing information
to be used by managers who are charged in ratio to their use of computing resources, rather than
by managers who receive a simple overhead allocation. Hufnagel and Birnberg claim that one

should be aware that report usage alone does not ensure effectiveness.
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McKinnon and Kallman (1987) note that the Bergeron study reports the benefits and weaknesses
of the structure of chargeback-systems. It ignores the question of how an organization should

select the chargeback-system that provides the information useful to an organization.

2.5.4 McKinnon and Kallman (1987)

A point of criticism against the model defined by McKinnon and Kallman (1987) is that they
mapped the chargeback system to the organizational environment. This is in conflict with
Schoderbeck et al (1990) who claim that problem-solving necessitates a broad consideration of a
system rather than an overly obsessive scrutiny of the particular problem in question. The system’s

environment is only one of five basic considerations concerning system thinking identified by them.

A statement made by McKinnon and Kallman, is that a chargeback system is an accounting process
for maintaining resources. A pricing process for linking with users needs to be clarified. Hufnagel
and Bimberg (1988) note, for example that one of the drawbacks of a chargeback system is the
assumption that dual pricing will phase itself out in time if there is sufficient demand for the

system’s services.

2.5.5 Allen (1987)
Allen’s (1987) view, that IS should be turned into a profit centre, could be criticised based on the

findings of Weill and Olson (1989). The latter authors conjecture that the cost involved in IT is
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generally embedded within the operating budget of a department, which makes this cost difficult

to distinguish from other costs. The profit of the organization could eventually be influenced.

Mautz et al (1983) reason that chargeback systems provided benefits, but claim that the systems
are difficult to operate on an equitable basis. Allen claims that chargeback is a matter of costing
not pricing. McKinnon and Kallman (1987), however, note in contradiction that chargeback system

is an accounting process for monitoring resources and a pricing process to interface with users.

It must be remembered that when IS is run as a cost centre, managers control the funding for
computing and are responsible for monitoring the efficiency of the IS department (Hufnagel: 1989).

Allen claims this to be a task which most managers find difficult.

2.5.6 Harris and Katz (1988, 1991)

Harris and Katz (1988) acknowledge that evaluating whether a firm’s level of investment in IT is
sufficient (or insufficient), or represents a competitive edge, has been a problem historically for top
managers. This is owed to the lack of competitive information on a sufficient number of firms.
Part of this problem can be described as the lack of agreement between business firms and
academics on the appropriate measures to study IT effects. Weill and Olson support this statement
by noting that it is difficult to establish a relationship between the benefits an organization receives

from IT and the actual IT investment.
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Kwong and Mohamed support the study by Harris and Katz in establishing that the higher the
computerization, the higher the profitability of an organization. Harris and Katz posit that the
potential risks, as well as the potential rewards associated with investments in IT may be
accelerating. This is supported partly by Weill and Olson who note that there is a possibility of
treating the amount of every IT investment as a portfolio investment with different aims and
associated levels of risk. Harris and Katz’s study establishes an amount of causality (although they
did not establish which direction), while Ahituv and Igbaria (1988) and Weill and Olson (1989)
did not establish any link between IT investment and the profitability of an organization. Weill
and Olson support the use of a measurement of IT expenditure against a convenient base as used

by Harris and Katz.

2.6 Conclusion

This chapter refers to attempts by researchers (Weill and Olson, Shoval and Lugasi, Hufnagel and
Birnberg, Harris and Katz and McKinnon and Kallman) to quantify benefits received from IT
investment. All these authors conjecture that no concrete calculation of the total impact of IT has
been made. However, no study was found in recent IS literature that kept the concept of the
change in risk in mind while investing resources in IT. Authors like Weill and Olson, Harris and
Katz and Ahituv and Igbaria (1988) recorded the importance of risk when making an IT
investment. Weill and Olson posit that every IT investment (portfolio investment) does have an

associated level of risk. This provided one motivation for this study: to compare the models that
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measure changes when resources are being invested in IT, in any organization, while

accommodating the reality of risk.

Over the last few years some authors (Weill and Olson: 1989 and Ahituv et al: 1989) examined
the possibility of quantifying IT expenditure. Weill and Olson suggest that most surveys
underestimate the total investment in IT. Almost all the authors (Weill and Olson: 1989; Kwong
and Mohamed: 1985; McNurlin and Sprague: 1989; Hufnagel and Birnberg: 1989 and Harris and
Katz: 1988) note that the link between IT and performance vary. The problem they foresee is the
measurement of the intangible benefits of IT. They all agree, however, that the value of
information should be closely linked to the decision supported by the information available.
Ahituv and Neumann (1986) claims that all the components of IT should be considered if the right

pricing method for the chargeback of IS is to be selected.

Some authors (Kwong and Mohamed: 1985 and Harris and Katz: 1988) established a definite link
between IT investment and an increasing profitability margin. They note that an increase in the
profitability margin could be found in similar organizations in the same industry. All the studies
researched agree that investing in IT could make a contribution towards the benefit which the

organization receives.

As can be seen from the above little definitive work has been carried out in the field of measuring

the impact of IT investment on profitability and risk of an organization. From the contradictory
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views expressed by credited experts, much of this research is in any case open to question. Based

on these uncertainties, hypotheses could be formulated which are discussed in Chapter 3.
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Chapter 3

Research Questions and the Hypotheses

3.1  Overview of the chapter

This chapter outlines the research questions and the hypotheses for this study, based on the

literature discussed in Chapter 2.

3.2  Research Questions

It was noted in the conclusion to Chapter 2 that certain areas remain open to discussion. Attempts
were made, for example, to quantify benefits received from IT investment, but no definite
conclusion could be drawn (see Section 2.6). As noted, Weill and Olson; and Ahituv and Igbaria
conjectured that no concrete calculation of the total impact of IT had ever been made; the former
in fact suggest that most surveys underestimate the total IT investment. No definite study was
found that included the measurement of risk prior to an IT investment. However authors such as
Weill and Olson; Ahituv and Igbaria; and Harris and Katz suggest that IT investment does have

an associated level of risk.

This claim gave rise to the fundamental objectives of this study, which were to evaluate the effect
of IT investment on the business’s profitability, cost-benefit analysis ratio and the risk of an

organization. Subsequently the following research questions were identified: (i) What is the impact
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of IT investment on the profitability of an organization? (ii) Will the initial IT investment target
be changed if managers can assess the changes in an organization’s risk? and (iii) What is the
impact of IT investments on the organizational risk, cost-benefit analysis (CBA), operating leverage

(OPEL) and return on IT assets (R,).

33 Risk

3.3.1 Definition of Risk

As noted above, this research is based partly on the concept of risk. Risk is defined
histographically by Weston and Brigham (1981), in a study of financial theory, as the probability
of the occurrence of unfavourable outcomes. Kast and Rozenzweig (1972) posit that certainty
involves complete knowledge, and at the other end of the spectrum is uncertainty or a complete
lack of knowledge. They postulate that the continuum between certainty and complete uncertainty
could be called risk. Gitman (1991) defined business risk as the risk to the firm of being unable
to cover its operating costs. Copeland and Weston (1983), in a literature study of financial theory
and corporate policy, define risk in a similar manner. This, it will be noted, also agrees with
Weston and Brigham’s definition. With this consensus in the literature, Weston and Brigham’s
definition of risk was assumed for the present study; that is, as the probability of the occurrence

of unfavourable outcomes.
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3.3.2 The Measurement of Risk

Risk was dealt with in this study in relation to the models of significance found in the literature.
These were CI, operating leverage, return on IT assets, revenue stability, IT related ratios, SPS and
CBA (see Section 2.4). Stochastic decision trees and scatter diagrams were used to apply SPS for
simulation purposes. SPS considers any project as a whole and takes uncertainty (risk as defined
above) into consideration when any IT investment is reviewed (Wilson: see Section 2.4.3).
Leverage (see Section 2.4.2) considers both financial and business risk when an organization is
under investigation because, Brigham and Capenski (1988) argue, an organization’s total risk
depends on both. Gitman (1991) conjectures that operating leverage and revenue stability (or profit

growth) are "important" factors affecting business risk.

3.3.3 IT Investment

IT investment, it the context of this study was taken to mean the amount spent by an organization
on all IT equipment and related overheads during the financial year under investigation. Harris and
Katz (see Section 2.4) denote this as IT capital intensity. The research sample had thus to be

limited to those organizations that were prepared to disclose these costs.

3.4  Development of the Hypotheses

3.4.1 The relationship between IT investment (CI) and profitability

Hypotheses were required to investigate the impact and extent of the sophistication of IT

investment (CI) on the profitability of an organization. Kwong and Mohamed (see Section 2.3.3),
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suggest that IT investment reduces the disparity between the industry’s profitability and that of the
organization of which the industry is part. Weill and Olson (see Section 2.3.1), claimed that every
IT investment should be treated as a portfolio investment with different aims and associated levels
of risk. Shoval and Lugasi (see Section 2.3.1) postulate that the more the decision maker seeks
risk, the narrower the alternatives of selection between computer systems selection; the more risk-
averse, the wider is the range for the alternative. Keen (see Section 2.3.2), suggests that
organizations should use an evaluation technique of benefits received, after making an IT
investment, which he calls value analysis. Ward (see Section 2.3.3) concludes that IS applications
are the product of development, and like an investment, must provide almost a return on that
investment.  Hence, after noting the conjectured relationships between profitability and
computerization, Kwong and Mohamed’s claim could be rephrased as follows:

H1,: There is a positive association between IT investment (CI) and profitability of an

organization.

H1,: There is a positive association between IT investment (CI) and the growth of the

organization’s turnover.

H1: There is a positive association between IT investment (CI) and profitability of an

organization (OPEX).

H1,;: There is a positive association between IT investment (CI) and the value of IT expressed

in monetary terms.
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3.4.2 Measuring the impact of IT investment (ITEX) on the profitability of an organization
To enable the present study to compare the studies by Kwong and Mohamed with that of Harris
and Katz, it was deemed necessary to compare the profitability measure used by Harris and Katz
to the profit growth measurement as used by Kwong and Mohamed. Hence the following
hypothesis was conjectured:

H,,: OPEX and profit growth ratios as profitability measures are negatively associated.

Harris and Katz (1991) note that Bender (1986) established the potential of linking the firm’s
performance to IT expense measures. Hence:

H,,: A negative association exists between profitability measures and computerization (ITEX).

Harris and Katz (see Section 2.3.1), note that technology is altering the way companies compete
and that there is an increased incentive to examine closely the link between the business strategy
of the firm and the IT strategy. They evaluate, in their research on organizational performance and
IT, the extent to which IT is a critical activity in the home office operations of systems technology
leaders. Hence the following hypotheses were conjectured to test the cost efficiency of IT,
computerization, and profitability:

H,: There is a positive association between cost efficiency of computerization (ITCE) and

computerization (ITEX)

H,,: A negative association exists between cost efficiency of computerization (ITCE) and

profitability (OPEX).
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Harris and Katz (see Section 2.3.1) conjecture that to state that the level of IT investment is
sufficient has been a problem historically for top management. They furthermore state that each
business situation should be evaluated on its own merit. Hence the following hypotheses were
conjectured:

H,: There will be a negative association between the value of IT expressed in monetary terms

and profitability (OPEX).

H,: There will be a positive association between the value of IT expressed in monetary terms

and computerization (ITEX).

H,,: There will be a positive association between the value of IT expressed in monetary terms

and ITCE.

3.4.3 Measuring IT investments against risk and risk related measures

Hypotheses were formulated to investigate the following research questions: Will the initial IT
investment be changed if managers can assess the changes in an organizations’ risk?; and What
is the impact of IT investment on risk, CBA, OPEL and R,?. Post and Diltz (see Section 2.4.3),
claim that stochastic dominance methodology can assist managers to choose between alternative
IT investments (see Appendix A). In short, the following hypotheses were suggested to test this:
H;,: There will be a positive association between the organizational risk factor and the

probability of making an IT investment if organizational risk is affected.
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H,,: A positive association exists between the organizational risk factor and computerization

(ITEX).

H,: There is a positive association between IT investments (CI) and the organizational risk

factor of an organization.

Ziemba and Vickson (see Section 2.4.3) suggest that the investor will normally have some
investment options available from which they can freely choose. Shoval and Lugasi (see Appendix
A; Section 3.3) posit that the absolute values of the parameters must be considered, as must their
relative importance to the decision maker, and his attitude towards risk and uncertainty.

H,;: There will be an association (positive/negative) between computerization (ITEX) and the

probability of making an IT investment if organizational risk is affected.

Post and Diltz (see Section 2.4.3) note that stochastic dominance methodology can be applied to
less extensive investments as well as by considering individual components separately and adjusting
the time frame as necessary. Gottfried (see Section 2.4.3) recorded that the objective of stochastic
dominance in risk analysis is to assess the desirability of the proposed investment. Hc suggests
that comparisons can be made based on an acceptable level of risk. What one can conclude
therefore, assuming Post and Diltz are correct, is that stochastic dominance can also be applied to
IT investments and can assist managers to choose between alternative I'T investments by generating
a cumulative distribution for the decision criteria. Hence the following hypotheses were posited

to test these statements:
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H,,: There is a positive association between IT investment (CI) and cost-benefit analysis (CBA)

e®

as assessed by the IT/IS/Financial managers.

H,: There is a positive association between IT investment (ITEX) and CBA as assessed by the

IT/IS/Financial managers.

H,: The risk profile of managers in developing countries differs from the risk profile of

managers in first-world countries.

In the next chapter, a detailed discussion of the research methodology used to test all the

hypotheses recorded above is given.
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Chapter 4

The Research Methodology

4.1 Overview of the Chapter

The research methodology involved organization sample selection, the models to be used and the
rationale for each model. Additionally the instrument questionnaire and its development is

discussed. Finally the precautions used are outlined.

4.2  Organization sample selection

For the purposes of this study Namibia is defined as the geographic region consisting of the
original South West Africa (under colonial SA rule) together with Walvis Bay. Walvis Bay is
included because of its dependency on Namibia and (at the commencement of this study) its
proposed inclusion into Namibia. Namibia was selected as an example of a developing country

because of certain economic characteristics discussed below.

Organizations in Namibia are "typically small" as defined by the Namibian Information Piece
(issued by the Namibian Government: 1990). Such organizations, according to this body, are
operated as owner-controllcd companies with close relatives sometimes employed in key positions

and are not controlled by formal structures but by obligation networks.
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The complete listing of organizations using IT in Namibia was available from a strategic planning
list produced by a major computer organization (see Section 4.4.1 and Appendix N). A random
sample of 120 organizations was selected from this list, and questionnaires were sent to each. Of
the 50 questionnaires that were received back, two were discarded bécause they were incorrect.
This gave an effective response rate of 40%. The resultant sample of 48 was assumed to be
representative of the Namibian IT-using population since no arguable relationship could be
established between the parameters measured and the tendency of an organization to return the
questionnaire. There could also be no relationship argued between the sensitivity of the data and
the tendency to return the questionnaire, since respondents were encouraged to divide all their

financial responses by a common factor known only to themselves (see Section 4.4.1).

4.3 The Models used

All eleven models (see Section 2.4) were tested simultaneously by virtue of one questionnaire (see
Appendix B). Because of the diversity of the models found in the literature (see Section 2.4) (CI,
operating leverage, return on IT assets, revenue stability, IT related ratios, SD, and CBA) it was
felt that the research would benefit by using each model and comparing results obtained.

Conclusions on the appropriateness of using each model are discussed in Chapter 5.

It was necessary to modify some of the models to include decision criteria related to risk, using
stochastic process simulation. These additional requirements could be partly met by using the

decision tree approach. Decision trees (Hespos and Stracsman: 1965: see Figure 5.5.2) allow for
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an overall picture to be presented of both the problem and outcome associated with the various
alternatives. The measurement of risk could be included by expressing various outcomes in the
tree, in terms of probabilities. The appropriateness of this modelling approach was assumed since,
according to Hespos and Strassman, it enables managers to associate probabilities with specific

outcomes.

4.4 Collection of Data

4.4.1 Introduction

The financial data were gathered either from financial statements or from the instrument or from
a computer organization in Namibia which had accumulated such data over 25 years. Where such
data was incomplete, the data collection process was supplemented by an interview and/or audited
working papers for the period under investigation (where available). The period under investigation
was taken as 1990 -1992 inclusive, since political changes in Namibia had been finalised by that
stage. This period could supply sufficient information to perform the necessary calculations,

despite the obvious advantage of collected over a longer period.

To preserve the confidentiality, the respondents were given the option verbally of rendering their
figures as they were, or divided by a common factor known only to themselves. The questionnaire
(see Appendix B) was sub-divided into sections covering details of the organization, type of IT
investment, financing of this investment, keeping track of the IT investment, and financial figures

that were needed to complete and calculate the necessary models. The questionnaire was piloted
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with IS practitioners and academics (see Section 4.4.2 below) and refined to the final version.
Where possible the data were collected from reliable, audited accounting records and then used as

a validator when replies were received. All the data were entered into a spreadsheet and analyzed.

4.4.2 Pilot study
A pilot study was carried out on academics at Rhodes University and 8 life insurance organizations
to test for clarity. Alterations were made to remove ambiguities and reflect a clear and concise

research instrument.

44.3 Questionnaire design

To gather data needed to complete the Computerization Index, and the IT related ratios for the
organizations under investigation, a structured questionnaire was constructed (see Section 4.4.2 and
Appendix B). The questionnaire included the one described above, but was extended by additional
aspects such as the probabilities of making an IT investment, benefit received and classification.
These extents were necessary to measure hypotheses 3(a)-(v), and included items which had been
used by Shoval and Lugasi (1987/1988). The probabilities associated with risk were evaluated by

the von Neuman technique (see Appendix A).

4.44 Completion of the Questionnaire
Phase 1 was based on the confidential strategic planning list of the same computer companies
mentioned above. As discussed in Section 4.2 a list of IT-intensive companies in Namibia was

prepared, by randomly selecting a sample of 120 organizations. The second phase consisted of
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interviewing (either face-to-face or by telephone) IT/IS/Financial managers in each organization.
The third phase was to mail a questionnaire to the target manager identified in the initial

investigation. They, or some other executive designated by them, then completed the questionnaire.

44.5 Limitations

It was assumed that the organizational financial and other figures, as rendered, were accurate and
complete where they could not be verified with audit/working papers. Additionally, it was assumed
that the respondents completing the questionnaire did so accurately. However, a possible source
of error lies in the respondents’ interpretation of the terminology used in the questionnaire,

although it was pre-tested (see Section 4.4.2).

Furthermore, some data given by the respondents in the questionnaire could not be verified fully,
owing to its sensitivity. Also, it was not possible to check on the method of accounting and it is
acknowledged that this could have influenced some financial ratios. Given these limitations, it was
still possible to use the models to test the hypotheses in order to analyze some of the statements
made by the authors (Harris and Katz, Weill and Olson) since these sources of error did not differ
from those evident in their studies. It was also possible to interpret the results based on the data

obtained as no statistical technique could show them to be unreliable (see Section 5.2).
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4.5  Statistical procedure

The questionnaire was analyzed by entering the data into a spreadsheet and preparing frequency
and other tables (see Chapter 5). Organizations were classified into installation matrices, based on
the matrix used by Harrison and Katz. All calculations (including systematic risk calculations) were
done on Quattro Pro Version 4.0 (spreadsheet package) and Statgraphics version 6 (statistical

package).

4.6  Analysis of the series of hypotheses

4.6.1 The relationship between IT investment (CI) and profitability

Composite CI as defined by Kwong and Mohamed was determined using the data gathered from
items 3 - 12 and sections E and F on the questionnaire (see Appendices B, C, D and E). The
results were tabulated and ranked in ascending order according to their CI. To detect any relation
between the CI and the ratio of pre-tax profit to revenue, the paired data were plotted on a scatter-

diagram.

4.6.2 Measuring the impact of IT investment (ITEX) on the profitability of an organization

The data needed for these hypotheses are presented in appendices C - M and were collected from
item 2 and sections E and F. The operating expense ratio and the IT expense ratio were calculated
for the organizations over the three year period, using the data in Appendices C - M. The ratios

were averaged over three years. This allowed for the partial elimination of any outside effects that
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were not part of the original risk or other influences. Organizations were ranked according to the

operating expense ratio and grouped into percentiles to highlight trends.

4.6.3 Measuring IT investment against risk and risk related measures

As noted in Appendix A, stochastic simulation can never yield the outcome that a given parameter
is exactly x. Risk and risk related measures were calculated using Sections G and H on the
questionnaire. In order to use data that are as realistic as industry and organizations can describe
them, the data in Appendix B were used. Based on the research questions (see Section 3.2) the
desirability of the proposed IT investment was simulated using a graph and stochastic decision
trees. Risk conditions were applied using the von Neuman technique enabling the decision maker

to form a utility function. This utility function was applied to the cost transformation problem.

This simulation, it was conjectured, could help managers select the IT investment that best fit the
risk profile of the organization. The requirement of this phase, as noted in 4.4, was for the
inclusion of some decision criteria related to risk. This was because the decision tree approach
lends itself to a graphical portrayal of the decision criteria (Hespos and Strassman: 1965). The
measurement of risk was included by expressing various outcomes in the tree, in terms of
probabilities. This modelling approach was assumed to be appropriate because managers were able

to associate probabilities to specific outcomes.
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4.6.4 Variables correlated/used

Table 4.6.1: Variable correlated/used

Return on turnover (see Appendix A)

Turnover growth

Profit growth (revenue stability)

Computerization index (CI)

Operating cost efficiency ratio (OPEX)

The value of IT expressed in monetary
terms

IT expense ratio (ITEX)

IT cost efficiency ratio (ITCE)

Organizational risk factor

Return on IT assets

Operating leverage (OPEL)

Revenue stability

Cost-benefit analysis (CBA)

Probability of affecting the organization’s
risk while making an IT investment

All associations, as named above, were measured using Kendall’s rank correlation co-efficient.
g

It will be noted from the statements of the hypotheses in Sections 3.4.1, 3.4.2 and, 3.4.3 that

specific positive or negative directions are posited. This implied one-tail significance testing in

each case.

Having described the research methodology, the results are presented and discussed in Chapter 5.
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Chapter 5

The Results

5.1 Overview of the Chapter

Presentation of the data and their analysis will be covered in this chapter. A description of the
sample of the organizations that rendered a completed questionnaire is given. Following this are

tests of each hypothesis developed in chapter 3. Finally the findings are discussed and assessed.

5.2 Summary statistics from the research sample

This research set out to establish phenomena in IT investment in the population of Namibian
organizations. From this deductions were possible with implications for IS research in developing
countries in general. As a first step, therefore, the sample was examined to establish the degree
to which it represents the Namibian population. Table 5.2.1 presents a summary of the responses
to the questionnaires (Appendix B) on the type of IT sophistication (item 2 on the questionnaire);
that is according to Harris and Katz (1988; 1991: see Section 2.4.4). Graphically the summarized

classification of these organizations was portrayed in Figure 5.2.1 below.

As noted in Section 4.2, the low organizational density and comparatively sparse population of
Namibia would suggest a low degree of IT sophistication. Hence the high number of type I

organizations in the sample was considered to be representative of the Namibian population.
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which are not IBM-compatible. Mainframes were allocated an interval value of 6, mini computers

an interval value of 5, and so on.

Hardware costs were ranked as well into 5 categories, as suggested by Kwong and Mohamed’s
study where the largest hardware cost was allocated an interval value of 5 and the smallest, 1. The
hardware costs were entered on a spreadsheet and ranked in ascending order. Because of the
nature of the spread of the hardware costs, it was not possible to use Sturge’s rule (Williams: 1990)
to establish classes. After consultation with a statistical expert (see acknowledgments), the top of
each interval in Rand, was established as follows: 100 000, 800 000, 5 100 000, 160 000 000, and
400 000 000. Values were allocated accordingly and the results presented in Appendix D. The
study by Kwong and Mohammed required the sorting of the CI into ascending or descending order.
Appendix E presents the raw data, Appendix D the calculation of the CI and Appendix C, a
summary of the ratios calculated. Figure and Table 5.3.1 present a summary of the CI frequencies

calculated from these appenda.
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investment. As noted above, one might conjecture that the findings by Kwong and Mohammed
based on positive association between the CI and profitability, are not valid in organizations in

Namibia. The CI, however, is a possible measurement of computerization if used cautiously.

54  Measuring the impact of computerization (ITEX) on the profitability of an

organization

Hypotheses 2(a) to 2(g) were developed to investigate the relationships between IT investment
(ITEX) and various measures of profitability. The data on which these hypotheses are based can
be found summarised in Appendix C. In order to test the hypotheses for this section, data was
analyzed as supplied by the respondents (Sections E - F). The ratios, as described in Appendix
A, were summarized in Appendix C. These ratios were the operating cost efficiency ratio (OPEX),
Information Technology expense ratio (ITEX) and the Information Technology cost efficiency ratio

(ITCE). The results of the hypotheses are summarised in Table 5.4.1.
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Figure 5.4.1: Quartiles comparison between ITEX, OPEX and ITCE
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5.5  Measuring IT investments against risk and risk related measures

The data needed to test the relevant hypotheses were gathered from the questionnaire (Items 3 -

12 and Sections E - H) and returns supplied by respondents.

The raw data used for the figures, are summarized as ratios, in Appendix C. The organizational

risk factors were calculated, using the coefficient of varianc. of the organization’s EBIT (operating
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narrow series of critical values in selecting the alternative computer system and the more risk
averse, the wider is the range for the alternative system. The assumption could be made that the
decision-maker wants to form a utility function. A utility function model can similarly be applied
to the cost transformation model as designed by Shoval and Lugasi (1988). Shoval and Lugasi
define the cost value C’, for which the utility U (C") = I, and a cost value C° for which U(C®) =
0. The rest of this argument was explained in Appendix A. The decision makers can select their
choice if an organization was affected negatively or positively when investing resources in IT
(Section G on the questionnaire). Shoval and Lugasi used hypothetical examples and for the same
reason it was decided to do the same. The most expensive quotation was hypothetically set at R
7 000 and the cheapest quotation for a similar system R 4 000. An alternative system could have
been bought for R 6 739. This determined that A(7 000) = 0 and for the second alternative, B(4

000) = 1. The utility of the third alternative could then be calculated.

The question (as noted by Shoval and Lugasi) was based on the fact that the investor has two
choices, that is; what their choice would be were they presented with two options; namely:

Option 1: the cost of alternative i is C’;, and they are sure of obtaining this alternative.

Option 2: the cost of alternative i is given on a lottery card, in which there is probability q
that the cost is C", and probability (1-q) that the cost of the alternative is C°.
Remaining attributes are the same at the fixed level. The value of q was then the

level at which they would be indifferent to the choice between the two options.
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Hence, the expected cost of option 2 equals the cost of option 1 (see above).

The second scenario was where the investors were averse to risk. The probability of the risk
averters were calculated as 0.867. The presentation could be taken as U(6 739) = 0.867. The
interpretation, based on the assumptions of Shoval and Lugasi, is that the condition for the decision
maker to select option 2 is a higher probability (0.867 > 0.087) for obtaining the less costly system.
The expected cost for this option is less than the cost of the alternative which the decision maker
is sure to obtain:

0.867 x 4 000 + (1 - 0.867) x 7 000 =4 399 < 6 739

The third scenario was where the investors were risk seekers. The probability of the risk seekers
were calculated as 0.046. The meaning of risk seeking is that the decision maker will select the
uncertain option (2) for a lower probability (0.046 < 0.087) of obtaining the less costly system.
The expected cost is now more than the cost of the sure option:

0.046 x 4 000 + (1 - [0.046]) x 7 000 = 6 862 > 6 739

A cost-benefit graph of the three cases could display alternatives 1 and 2 as normalised cost values
(in all cases) are O and 1, respectively. For alternative C, three different normalised cost values
could be marked for the corresponding decision-making styles, and therefore three different lines
were drawn for this alternative: line C, (for q = 0.087), line C, (for q = 0.867) and line C; (for q
= 0.046). For each case a unique set of intersection points between pairs of alternatives was

obtained (see Appendix M).
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The calculated intersection points between pair of alternative p-values, on the weighted (x) axis

(see Appendix M), are:

1. for the case of the user, indifferent to risk:
049 <p<0.78

2. for the case of the user, averse to risk:
034 <p <091

3, for the case of the user, risk seeker:
034 <p<0.79

Shoval and Lugasi mention that a cost transformation, based on Keeney’s utility model, was in
their opinion preferable to other methods. This is because Shoval and Lugasi based it on a
normative model, including axioms that reflect behavioral rules of the decision maker in
determining preference, considering the important factors of risk and uncertainty. This argument
supports previous findings in this chapter that risk, or perceived risk plays an important part in the

decision to invest in IT or not.

This study accepts hypothesis 3(g). This is because of the following decisions in this section: the
more the decision maker is averse to risk, the wider is the range of p to prefer the third alternative;
the more the decision-maker seeks risk, the greater the probability that he/she will end up with the
second widest range to select the alternative (third) investment. This contradicts the findings by
Shoval and Lugasi. They claimed that the risk seekers will have a narrow series of values. The

behaviour of a person who is risk averse is more similar to the behaviour of a manager who takes
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the pure cost-benefit approach Shoval and Lugasi claim, accordingly to which the third alternative
was preferred at any rate. These findings also failed to support Shoval and Lugasi’s study, which
claims that a risk-seeker often prefers the "certain" third alternative less. The present study finds
that the probability exceeds 50% that the third alternative will be considered by risk-seeking
managers, rather than the managers who are risk-indifferent. It could be conjectured that the risk

profiles of managers in developing countries differ from their counterparts in first-world countries.

In accordance with Hespos and Strassman (1965), the decision tree method can be applied to
investments characterized by high uncertainty and requiring a series of related decisions to be made
over a period. Figure 5.5.1 displays the possibility of investing resources in IT in the form of a
stochastic decision tree. This series of arguments will address research question (ii)(see Section
3.2), namely will the IT investment target be changed if managers can assess changes in an

organization’s risk.

The probability of investing resources in IT could have a positive or negative effect on the risk.
Figure 5.5.1 displays a 30% probability that a manager will invest resources in IT if his/her
organization was affected negatively to a large extent. On the other hand, only a 34% probability
was found that resources will be invested by an organization if the organization was affected

positively to a large extent in the past.
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Figure: 5.5.1: Stochastic decision tree displaying the choices the respondents selected
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Figure 5.5.2 displays Stochastic process dominance (SPS)(see Appendix A). A manager (see
Section 5.4 for discussion) would see the risk profile covered by the IT investment in organizations
41 - 47 (shaded area). This reflects SPS. For decision-makers faced with a set of risky
alternatives, such as IT investments, decision theorists have developed an important principle called
the domino principle (Hespos and Strassman: 1965). This can be interpreted as meaning that risk
seeking managers will select an option that will fits in with the profile when the risk profile

distribution line moves above the investment distribution.
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Figure 5.5.2: Monetary value of IT investment versus the probability of making an IT
investment which affects the risk of an organization
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A concordance of -0.09 (not significant at p = 5%) was discovered between IT investment in rands
and the possibility of affecting the organization’s risk positively when investing resources in IT.
A concordance of -0.0528 (not significant at p = 5%) was discovered between IT investment in
rands and the possibility of affecting the organization’s risk negatively when investing resources
in IT. The result of the stcchastic decision tree analysis is available in Figure 5.5.1. Alternative

decisions can be compared with alternative uses for resources before making a final decision. It
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i: also not possible to forecast an optimum IT investment for any organization. This is because
there are too many human factors interlinking with an organization to be able to state that this is
the optimum investment. Risk profile can indicate whether managers should invest resources in
IT or not. At the same time it answers research question (ii)(see Section 3.2), the IT investment

target will be changed if managers can assess changes in an organization’s risk.

5.6  Discussion

It is evident from the above that it is difficult to evaluate the relationship between investments in
IT and organization performance (see H,,) because of the need to consider several complex factors.
These factors include industry structure (see Section 5.2); the extent of technological sophistication
and change (see Section 5.3); the strategy of the organization (see Section 5.2); strategy
implementation (see Section 5.2); and historical behaviour (Hypotheses 1(a), 1(b) and 2(b)). It can
be conjectured that the new Namibian government with its policy of affirmative action might have
changed the training direction of organizations in that resources had to be used to train previously
disadvantaged workers. It is admitted that these factors could change over time. The CI is a
possible measure of computerization but caution must be exercised when using it, since no links
were found between profitability measures and the CI. It can be conjectured that profitability

cannot be the only supportive measurement to be used when making an IT investment.

A link was found between ITEX as a measure of computerization and profitability, but caution

must be exercised in using the ITEX. ITCE does not explain the link between profitability and
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computerization. The answer to the first research question could be answered: 1T investment does
relate to profitability on the short term as calculated by the OPEX ratio. Hypotheses 2(a), which
tested the link between computerization and profitability, it will be noted, confirm Harris and
Katz’s study. The ITEX and OPEX ratios in the present study’s sample exhibited an association
of -0.2447 concordance (significant at p = 2%). This compares with the average correlation of

-0.644 (significant at p = 0.0009) of the Harris and Katz study.

In the hypotheses 3(a) - 3(v), no links were discovered between the monetary value of IT
investments and the organizational risk of an organization when making the IT investment, however
utility theory was able to predict the best alternative IT investments that best suit the risk profile
of an 1S/IT/Financial manager in a developing country. One might conjecture from these results,
for example, that risk averters in the sample would adopt the cheaper option, while the risk
indifferent managers would take the middle option. Risk seekers would evidently select the more
costly option. While comparing the CI with the von Neuman utility theory, it became evident that
there might be more risk averters in Namibia, and in so far as Namibia represents developing

countries, in a developing country.

5.7 Conclusion

Harris and Katz (1991) claimed that top performers are more aggressive and effective in integrating

and coordinating their business processes through information technology than weak performance
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firms. This was indicated in their study by some cf the respondents with the lowest operating

expense (the most profitable organizations).

Hypotheses 1(a), and 1(c) were rejected by this study. This contradicts the study by Kwong and
Mohamed who hypothesized that a link exists between profitability and computerization. The link
that was discovered (see H,, and H,,), was the link between turnover growth and computerization
and CI and the market value of IT. Only hypotheses 2(b), 2(c) and 2(d) of the second series of
hypotheses were accepted. This study supports Harris and Katz by claiming that an association
exist between profitability and computerization. Hypotheses 3(al), 3(b), 3(c), 3(d2), 3(e), 3(f),
3(h), 3(i), 3(j), 3(1), 3(m), 3(n), 3(0), 3(p), 3(q), 3(t), and 3(u) were rejected, thus no association
was found between the organizational risk factor and computerization. Although it was not
possible to calculate an optimum IT investment, SPS could be still be applicable despite this

study’s inability to do this calculation.
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Chapter 6

Conclusion

6.1 Introduction

This chapter discusses the conclusions, based on the results of the previous chapter. Certain

recommendations are also made and future research areas are identified.

6.2  Key Conclusions

Kwong and Mohamed (1985) constructed a composite measure of the various factors influencing
the extent and degree of sophistication of computerization (see Section 2.3.3). The results for
hypotheses 1(a) - 1(d) displayed association between the computerization index (CI) and turnover
growth. It is clear from the results of hypothesis 1(c), that the degree of computerization (CI)
when related to the operating expense cost ratio (OPEX), exhibited no correlation. The results for
hypothesis 1(c) showed a general increase, suggesting that as turnover growth increases, the level
of sophistication similarly increases (H,,). It can be conjectured, based on the results of hypothesis
1(b), that the increase in computerization (computerization index [CI]) shows positive effect on
turnover performance. This suggests that the level of computerization, measured by the CI, is not

significantly associated with profitability performance in the short term.
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CHAPTER 6: Conclusion

It was shown that levels of information technology capital intensity (ITEX) were related to the
organization’s cost advantage/disadvantage from current operations (short-term profitability
performance - OPEX)(H,). The findings suggested that low profitability companies (high
operating expense ratio) are at greater risks with low levels of IT capital intensity than high
profitability companies with high levels of IT capital intensity as suggested by Harris and Katz
(1991). Additionally, it can be conjectured that when technology fits the organizational situation,

significant savings in operating costs are possible as conjectured by Harris and Katz (1991).

There was no significant association between the organizational risk factor and the monetary value
of IT (H,). This did not help in establishing any first and/or second degree of stochastic process
simulation between the two factors (see Section 5.5). Organizational risk plays no significant part
in the decision to invest resources in IT, especially the perceived importance of risk by managers.
It was, however, established that utility theory (risk profiles of managers in developing countries)

can be utilised by managers in deciding between different IT investments (H,,).

From the results in the previous chapter (hypotheses 1(b1), 1(b2), 1(d), 2(b), 2(c), 2(e), 3(a2),
3(d1), 3(g), 3(k), 3(r) and 3(s)) it can be concluded that the ITEX, OPEX and CI ratios are
applicable in a developing country. Although the direction of causality between the profitability
(OPEX) and the ITEX was not established, relationships were established (H,,). The general
findings were that organizational risk was not affected when resources were invested in IT (H,, and
H,). It was noticeable that when the probability to affect the organization was positive when

making an IT investment, the perceived risk by the managers plays a part (H,,).
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CHAPTER 6: Conclusion

It can be conjectured that courses in politics (that is affirmative action) are playing a major part
in the re-allocation of resources that eventually will influence the decision to invest in IT. Political
considerations, important in most organizations, impacts buying of IT equipment as suggested by
Harris and Katz (1991). These political considerations sometime eclipse technical and economic
considerations and were generally perceived as becoming important in the developing countries.
Other findings suggest that organizational performance in the leading organizations in a developing

country was linked to the level of IT investment intensity (H,,).

The findings in hypothesis 2(b) support previous research (Lubbe et al (1992), Lubbe and Nel
(1993) and Harris and Katz (1988, 1991)) that process integration was associated with reduced firm
costs. Harris and Katz (1991) claimed that higher levels of process integration may nullify some
negative aspects of environmental uncertainty. Organizations that are not leaders in the use of
information technology are potentially more bureaucratic and less adaptable to meet the changes
in the external environment, such as the changing of government, political pressures (affirmative

action), etc (see Section 5.2).

The primary findings (hypotheses 1(bl), 1(b2), 2(b), 3(h) and 3(d1)) in this research were
confirmed by examining the relative incremental changes in organizational performance (OPEX),
information technology investment intensity, and other key operating indicators, such as cost-

benefit analysis, return on IT assets, operating leverage and risk (H,, 4 H,, , and H,, ).
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CHAPTER 6: Conclusion

Harris and Katz (1991) suggested that organizations with available additional resources may be the
best positioned to respond to environmental uncertainty and increases in technical complexity, that
can satisfy their internal coordination needs. Organizations exhibiting strongest growth in income,
contrasts with the slow growing organizations which may not be as well positioned to address their
internal coordination needs because of the reduced availability of scarce resources (especially the
smaller organizations) as noted by them. An example of what may be happening in a developing
country: Resources needed to address the organization’s internal problems might not be available
if decision makers’ priorities in slow growing or declining organizations were diverted to manage
threats in the external environment. This, it can be conjectured, can lead to the theoretical
conclusion that in a developing country industries the potential gain associated with process
integration may be conditional on both organization size and whether the organization is fast

growing or declining.

It can further be conjectured that the paradox confronting slow growing or declining organizations
is that they need the benefits of the technology, as much as, if not more than their faster growing
competitors. However, according to Harris and Katz (1991), organizations may face greater overall
risks (both internally and externally), because of organizational barriers (that is allocation of
resources, cultural, environmental). Also the lack of adequate human and financial capital (a
shortage in the new independent Republic of Namibia as suggested by the Namibian Information

Piece [1990]) to realize potential payoffs.
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CHAPTER 6: Conclusion

While this research did not measure the size of the impact of information technology on an
organization’s performance, the findings in this research suggest that information technology

management is a critical activity in the operations of systems technology leaders (H,,, H,, and H,)).

Whereas the data and space available do not enable a final assessment on whether information
technology is a cause or consequence of an organization’s performance, preliminary analysis using
associations suggests that both directions of causality may be significant (H;, and H,,). The
competitive value of the information technology was complicated by the market structure of the
organization, the rate of technological change in the organizations, the strategic dependence of the
organization, the opportunities to redefine market structure through information technology related
cost economies, linkage between product design and process changes, and synergies with marketing

as supported by Harris and Katz (1991).

6.3 Future Research

The study also did not attempt to improve or expand on the model suggested by Kwong and
Mohamed. Further research in this area may lead to a computerization index that represents the
information technology sophistication of an organization, no matter which industry the organization
was in. It could also be worthwhile to investigate the series of critical values in selecting the
alternative computer system for a developing country. Some future research could review the

influence of other factors on the buying of IT equipment.
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CHAPTER 6: Conclusion

Fu-ther research could lead to the discovery of an optimum leve! of computerization at whicl: an
organization reaps the fuil benefits of it’s IT investment. In addition, research could be undertaken
along similar lines to establish whether the previously mentioned models are applicable in
industries in South Africa and if they are going to experience the same type of trend as Namibia.
The utility theory could be another area that can be investigated. This model can help managers
decide between possible IT investments. The effect of downsizing and rightsizing as part of IT

investment decisions could also be investigated.
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Appendix A: A description and development of the models that were used to establish

IT investment assessment measures:
A.1  Computerization Index (CI)

The objective of Kwong and Mohamed (1985), was to quantitatively evaluate the impact of
computerization on profitability and, in the process, develop an indicator of the extent and
sophistication of computerization. They proposed a Computerisation Index (CI) that measures the
exterﬁ and sophistication of computerisation. This CI is constructed according to the following
formula:

Cl=V,(W) + V,(W) + ... + V(W)

For a detailed description on the meanings and mathematics behind the formula see A.1.5.

Ten variables (V, to V) were chosen to collectively represent the computerisation process and
their importance was indicated by awarding weights to each (for a description of the weight and
the mathematics see A.1.5). These variables are: Management Activity Level; Years Using
Computers; Number of Computers; Application Software; Hardware Cost; Staff; Number of Shifts;

Organisational Location; Project Investment Analysis.

A.1.1 Management Activity Level
Computer applications in each of the four management activities were awarded a weight. For a
detailed description of the weights and formulae that were applied see A.1.5. These applications

were: Strategic management, management control, operational control and transaction processing.
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A.1.2 Other Variables
The mathematics for taking variables such as: years using computers, number of installations,

number of software applications, number of staff, number of shifts were explained in A.1.5.

A.1.3 Measures of Financial Performance

The measurement for financial performance will be described and explained in A.1.5.

A.14 Classification of Computer Applications

This was done according to the Robert Anthony Framework and presented below:

Transaction Processing Operational Contrel Management Control

Accounts Receivable Inventory Control Budgeting

Accounts Payable Raw Material Wage and Salary Analysis

General Ledger Work In Progress Sales Analysis

Delivery Report Finished Goods Sales Forecasting

Payroll Sales Report Financial Analysis

Processing Job Reguest Sales Planning Responsibility Accounting

Customer Billing and Invoicing Personnel Status Report Investment Analysis

Share Registration Computer Utilization Report Production/Job Costing
Production Scheduling Product Variance Analysis
Computer Scheduling Computer Budget

Strategic Management Petroleum Production Systems

Corporate Modelling Plant/Factory Automation

Technical Systems

Material Requirements Planning
Purchase Requirements Planning
Linear Programming

Simulation

A.1.5 Presentation of the formulae used to do the calculations for the CI
Kwong and Mohamed’s (1985), Computerisation Index (CI) was constructed as follows:

CI = V,(W,) + V,(W,) + oo + V(W)
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where CI = Computerisation Index
V. = Variable affecting the degree of computerisation

W, = Weight applied to Variable V;

Ten variables (V, up to V,,) were selected by Kwong and Mohamed collectively to represent the

computerisation index. Their importance were indicated by different weights applied:

VARIABLE WEIGHT

A\ Management Activity Level 0.40
v, Years Using Computers 0.10
V, Number Of Computers 0.10
vV, Application Software 0.06
\Z Size Of CPU 0.06
A\ Hardware Cost 0.06
Vv, Staff 0.06
Vs Number Of Shifts 0.06
V, Organisational Location 0.05
Vo  Project Investment Analysis 0.05

1.00

(i) Management Activity Level
Computer applications in the four management activities were awarded a weight by Kwong and
Mohamed: Strategic Planning [40%], Management Control [30%], Operational Control [20%] and

Transaction Processing [10%]. Thus, the management activity level was calculated as follows:

Total score for Management Activity Level = (Number of Strategic Planning Applications x
0.4) + (Number of Management Control Applications x 0.3) + (Number of Operational

Control Applications x 0.2) + (Number of Transaction Processing Applications x 0.1)
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(ii) Other Variables
For the variables (years using computers, number of installations, number of application software,

number of staff, number of shifts) the score is the numerical value multiplied by the weight.

A ranking procedure was used for the variables: size of CPU, hardware cost, organizational
location and method of project investment analysis. The largest CPU size was given an interval
ranking of 6 while the smallest was given a ranking of 1. Hardware cost values ranges from 5 for
the highest to 1 for the lowest, reflecting its lesser importance compared to CPU size. For
computing facilities located in the autonomous Computer/IT departmént the value is 5 and for any
other department, the value is 2. Companies using the Discounted Cash Flow (DCF) method in

evaluating hardware purchase were assigned a value of 5, and for non-DCF users a value of 2.

(ii)  Measures of Financial Performance
Return on Investment (as used in the BCG and PIMS approaches) had been found to be deficient
by Kwong and Mohamed. They suggested that the following multiple measures of financial

performance be used:-

D Pretax Return on Assets (Pretax Profit / Total Asset)

2) Pretax Return on Turnover (Pretax Profit / Total Turnover)
3) Asset Turnover Ratio (Total Turnover / Total Assets)
4) Gross Margin (Gross Profit / Total Turnover)

5) Three-Year Profit Growth Rate

6) Three-Year Turnover Growth Rate
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Because of the sensitivity of the information and the competitiveness and to convince respondents

to complete the questionnaire, it was decided to use only the second, fifth and sixth ratios.

A.2  Leverage, return on assets and risk

A.2.1 Introduction

Weston and Brigham (1981), in a literature study of managerial finance, conjecture that risk, return
and value (see description below) are interrelated. They discuss different definitions of value, such
as book value (the accounting value at which an asset is carried) and market value (the price at
which the asset can be sold. Graham et al (1962) define fair value as that value that is justified

by the facts; namely assets, earnings, dividends.

Weston and Brigham (1981), posit that although this idea was developed for security valuation, the
idea is applicable to all business assets. They note that it involves estimating future net cash flows
attributable to an asset, determining of an appropriate capitalization (or discount rate) and then
finding the present value of the cash flows. Weston and Brigham posit business risk as measured
by the variability of the operating income. The organization’s risk, however, depends on both
business and financial risk (Brigham and Capienski). Gitman (1991) defines business risk as the

risk to the firm of being able to cover its operating costs.

Operating leverage affects the fixed cost of the organization. Fixed costs must, however, be
recovered. Fixed assets are therefore being used in the hope that it will increase profits.

Uncertainty (risk) on sales figures and cost of production can thus be increased by the operating

The Ympact of IT investment on the financial performance of organizations Page 95



leverage. Weston and Brigham define business risk as the inherent uncertainty or variability of

expected pre-tax returns on the organization’s portfolio of assets.

Brigham and Capenski (1988) postulate that business risk is the single important determinant of
a firm’s capital structure. They note that business risk varies from industry to industry and can
change over time. According to them, business risk depends on a number of factors such as: input
cost variability, operating leverage, etc. Business risk depends partly on the extent on which a firm
builds fixed costs into its operations. Brigham and Capenski note, however, that the higher the
degree of operating leverage, the greater the business risk as measured by the standard deviation

of expected EBIT.

Weston and Brigham defines operating leverage as the percentage change in operating profits
associated in operating profits associated with a given percentage change in sales volume.
Operating leverage affects earnings before interest and taxes (EBIT), while financial leverage

affects earnings after interest and taxes (earnings available to the owners).

Van Horne (1980), conjectures that the traditional approach to leverage assumes that there is an
optimal capital structure and that the organization can increase the total value of the organization
through the judicious use of leverage. This position implies that the cost of capital is dependent
on the capital structure of the organization and that there is an optimal capital structure. He
conjectures that the cutoff rate for investment purposes is completely independent of the way in
which an investment is financed (based on the Miller/Modigliani model). Van Horne, however,

postulates that the perceived risks of personal and corporate leverage may differ. He posits that
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managers need to look for capital market imperfections that impede the equilibrium of investments
according to their expected returns and systematic risk. Given these circumstances, leverage may

have an effect on the value of an organization and its cost of capital.

A.2.2 Preparation of the formulae used to do the calculations for risk for the organizations
The leverage models discussed in Chapter 2 and A.2.1 that were utilized are: Operating Leverage
(which affects earnings before interest and taxes (EBIT)) and Expected return on IT Assets and the

percentage risk factor.

The following equation were used to calculate operating leverage (Brealey and Myers: 1981):
Operating Leverage: = % change in EBIT + % change in turnover
where:

EBIT = Earnings before interest and taxes.

The expected return on assets model selected in the research to measure the return on investment
was:

r, = [Expected operating income + the market value of all securities

Because of references to IT investment as the main area of research and the investment in IT used
in the hypotheses (Chapter 3), it was suggested the terminology securities be replaced with IT
investment as was noted in the hypotheses. Authors, (Weill and Olson (1989), Ahituv and
Neumann (1986) and Turner (1985)) agreed that this was possible. Hence, the formula changed to:

Return on IT Assets (r,) = Expected operating income + the market value of IT investments.
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To calculate business risk (referred to as organizational risk factor) the following formula was used,

based on the statement by Weston and Brigham, Gitman and others as:

Organizational risk factor = Variance of the operating income for the organization <+ The period under investigation

Risk was calculated as: operating income divided by the turnover of each organization for the 3
years under investigation. The coefficient of variance of these values was obtained and used as
a representative value of the risk of an organization (expressed as a percentage). The smaller the

value, the lower the risk of an organization. The higher the value, the riskier the organization.

A.3  Stochastic Process Simulation (SPS)

A.3.1 Introduction

Gottfried (1984), in his literature study on elements of stochastic process simulation (SPS), defines
Stochastic Process Simulation (also known as Monte Carlo simulation) as simulation that refers to
the use of mathematical models to study events that are characterized by the occurrence of discrete,

random events.

One of the important tasks in running a business organization is the establishment of efficient
operating policies according to Gottfried (1984). A manager could, for example, determine how
many terminals must be in operation during a typical busy day in his organization. In this
example, the choice of a particular operating policy can determine the difference between a

profitable versus non-profitable operation.
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Risk analysis is one of the most important and widely used applications of stochastic dominance
(SD) simulation. The objective is to assess the desirability of a proposed investment, based unon
some financial criterion such as either present worth, uniform annual series, rate of return, etc
(Gottfried: 1984). Application of the SD method results in a cumulative distribution being
generated for the decision criterion. By using this method, managers not only calculate the
expected value of the decision criterion, but also the likelihood of realizing a much higher or much

lower value,

Post ‘and Diltz (1986), in a case study done on a SD approach to risk analysis of computer systems,
posit that the methodology of SD consists of some fundamental changes to the expected value
approach to risk analysis. One is that instead of emphasizing probability estimates for different
types of proposals, the primary objective would be to compare the costs with various alternatives.
The second one is that SD analysis evaluates the entire investment proposal instead of just the first
one. The next step is to assign a probability that the component needs to be replaced, expanded
or a new system bought to supplement the present system. The contingency plan needs to be made
at this stage. This plan describes exactly what steps are to be taken when an investment is to be
made. SD methodology can be applied to less extensive investments as well by considering
individual components separately and adjusting the time frame as necessary. The primary objective

is to evaluate IT investment plans.

To define first degree stochastic dominance (FSD), suppose that the decision-maker is choosing

between two risky alternatives, f and g. Let F and G be the cumulative distribution functions of
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outcomes corresponding to alternatives f and g, respectively. Then FSD, as defined by Post and
Diltz, is:

F'>G if and only if G(x)>F(x) for all admissible x.

Post and Diltz note that to define second degree stochastic dominance (SSD) the decision-maker
need to assume that decision-makers are risk averse. They claim that the decision-maker needs to
define the two functions as:

F,(x) = | F(y) x dy, and G,(x) = I G(y) x dy.

SSD was defined by them as: F,>G if and only if G,(x)>F,(x) for all admissible x.

Post and Diltz postulate that there are some useful properties of SD definitions: If F>,G then F>,G.
That is, if FSD holds, then SSD holds as well. The converse, they claim, however, is not
necessarily true; and, both FSD and SSD support transitivity. That is, if F;>G, and G, >H, then

F>H,.

They conjecture that one of the useful features about FSD is that it can be observed from plots of
the cumulative distribution functions. The definition by Post and Diltz states that if the plot of F,
on a graph, always lies above that of G, then G dominates F. The authors posit that if the x-axis
is denominated as costs (if G dominates F) it means that there is a higher probability that
alternative G would lead to higher costs. If the line crosses, FSD is indeterminate and SSD must
be examined (unfortunately SSD is more difficult to determine visually but some generalisations
usually holds true). If the cumulative distribution plots intersect once at low x values, SSD is

usually indeterminant because it implies that one plan is better for small investments and another
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for larger investments. If one line crosses another for a short interval and then returns, SSD will
usually still hold. This, the dominance is calculated more precisely by the simulator as suggested

by Post and Diltz.

Post and Diltz postulate that the main advantage of using SD for contingency planning, is that it
examines the entire investment distribution, rather than the just the first moment. It also provides
a way to display the distribution to allow the decision-maker can visually compare difficult

investments. Such comparisons are facilitated with graphical presentations of the distributions.

A.3.2 Methodology for Stochastic Process Simulation

Stochastic simulation (pseudo-random number-based) has been widely used for performance
evaluation (Warren er al: 1992) but is often presented without attention to the statistical nature of
simulation output. An advantage of the SPS methodology is that it is designed to answer the
specific question of what type of investment should be used if a decision is made to invest
resources in IT. The whole point of the analysis is to help system managers choose between
alternatives. This method focuses the attention on potential solutions. SPS methodology allows
the MIS managers to analyze the MIS function and its relationship to the business. They suggest

that SPS simulations needs to be calculated by computer.

The steps to be followed, they note, include the plotting of the present IT investments in a
distribution graph against the percentage risk factor of the managers, the graph is examined for first
and second degree dominance. Warren et al note that SPS can never yield the outcome that a

given parameter of the simulated system is exactly x. The important simulation run parameters in
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the replications method are the simulation duration, warm-up period, and the number of

replications.

To run the simulation, stochastic decision trees and the distribution graphs were used. Tables were
built that sketched a scenario, displaying the influence of risk on the organization when an
investment in IT has to be placed. This table measured the effect on management decisions if the
organization is affected negatively or positively to some extent. Using these data, a stochastic
decision tree was designed, displaying all the options that could be exercised by a manager when
he has to make a decision regarding an IT investment. A distribution plotting method was used,
displaying the distribution of the respondents IT investment’s monetary value against the risk

profile of the respondents.

A.3.3 The von Neuman Utility Technique

From a given set of cost values, the utility function, termed as utility cost, will be evaluated
(Shoval and Lugasi: 1988). In order to do so, define a cost value, C;” for which the utility U(C,)
= 1, and a cost value C? for which U(C?) = 0. C; is the least expensive alternative and C° us the
most costly one. Thus, Shoval and Lugasi conjectures, the decision maker have two options; the
one alternative i being C,, which he is sure of obtaining or the alternative i being C;” is given on
a lottery card, in which there is probability q that the cost is C;” and probability (1-q) that the cost
of the alternative is C°. At which level of q will the decision maker be indifferent to the choice
between the two options? Shoval and Lugasi posit that when the decision maker is indifferent to
both options 1, and 2, it can be conjectured that the utility of cost of the first option equals the

expected cost of the second option. Mathematically it can be explained:
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G’ =q.U(C) + 1-q).U(C)

=>C, =q

A4 IT related ratios

A4.1 Introduction

Harris and Katz (1988) note that technology is altering the way companies compete. There is, they
claim, therefore increased incentive to examine closely the link between the business strategy of
the firm and the information strategy. Evaluating whether a firm’s level of investment in
information technology is sufficient, or represents a competitive edge, has been a problem

historically for top management.

Systems technology sophistication is assessed, using a table of the types of data processing
installations. These compilations, used by Harris and Katz, were formulated by an industry panel
of senior information system executives. In this table, the columns correspond to five levels of

systems technology sophistication.

Hardware Multiple processors/Multiple locations
directly connected or via switched networks
Operational Database management system, TSO, CICS, remote
and local batch
Systems Multiple CPU’s/multiple program execution
Software multiple operational environments
Application Modular programs/structured techniques
Software high level language
Management Multiple locations/dissimilar operations

remote control
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The rows are used to characterize the levels on five dimensions: (i) hardware environment, (ii)
operations, (iii) systems software, (iv) applications software, and (v) management. Each firm self-
types their data processing installation based on the definitions that are supplied with the survey
instrument. A typical table could look like the previous example used by Harris and Katz (1988):
This they call Systems Technology Sophistication. Type 1 installations represent single hardware
locations with fewer than 25 IT/DP staff. It supports some applications with batch emphasis as
the means of processing. Type II installations are multiple hardware locations with 25 - 50 staff
members and run the same application programs. Type III installations share the classification of
a multiple hardware environment with about 50 - 100 staff members and use more diverse types
of applications. Type IV installations have between 100 and 200 staff members and diverse
applications with emphasis on online or batch processing. Type V organizations typically have
multiple location hardware environments with between 200 and 400 staff members. They have
several diverse applications. Type VI organizations have multiple location hardware environments

with over 400 staff members. They also handle a large number of diverse applications.

Additionally they plot, the income versus operating expense over a couple of years. The sample
is then ranked by income and then divided into quintiles. The result of this is portrayed in a
tabular form, comparing the premium income, average non-interest operating expense and average
amount spent on IT. Another plotted graph shows income growth versus non-interest operating

expense for the sample used by them.

The authors calculated some ratios, one being called the operating cost efficiency ratio (OPEX)

which is the ratio of total operating expense to income (turnover). The organization with the
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largest OPEX ratio represents the least profitable organization and the organization with the
smallest, the most profitable. The organization with the largest CI was assumed the most
computerized (see above). According to Harris and Katz, this allows the comparison of
businesses with similar lines of business. The conclusion they come to, is that any company with
expenses per monetary income that are higher than the competition is at a competitive
disadvantage. Another ratio called information technology expense ratio (ITEX), is the ratio of IT
expenses to non-interest operating expenses. The last ratio is the IT cost efficiency ratio that is the

cost of information processing to sales revenue.

Harris and Katz reported that 75% of their sample used improved their profitability position while
the operating expense ratio decreased. Their findings do suggest empirical relationships, namely
the most profitable firms, or top performers, are more likely to spend a significantly higher
proportion of their non-interest operating expense on IT. They note that every business situation

should be evaluated on its own merits.

A.4.2 Presentation of the formulae used to calculate the ratios

A4.21 IT Efficiency Ratio [ITEX]

This is the ratio of information technology expense to total operating expense as one measure of
the degree of operating dependency on information technology.

IT Efficiency Ratio = Information Technology Expense
Total Operating Expense

A422 IT Costs Efficiency Ratio [ITCE]
The IT costs efficiency ratio is a single-factor expense measure of the cost economies of IT. In
this research three sources of information technology-based cost economies are relevant. They are

scale economies, scope economies and economies due to learning effects (Harris and Katz: 1988).
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The costs of information processing as a proportion of sales revenue (turnover) were investigated.
The original formulae used premium income as a basis. The present study, however, because of

the spread of organizations, substituted premium income with urnover (sales revenue).

IT Cost Efficiency Ratio = Information Technology Expense
Total Turnover

A4.23 Operating Cost Efficiency Ratio [OPEX]
This is the ratio of non-interest operating expense to income.

Operating Expense Ratio = Non-interest Operating Expenses
Income

A.5  Cost-Benefit Analysis Ratios

AS5.1 Introduction

Brealey and Myers (1981), in a literature study of corporate finance, define cost-benefit analysis
ratios as the net present value of a business. They note that projects with a cost benefit ratio >1,
need to be considered. Weston and Brigham (1981) note that the cost-benefit ratio can be called
the Profitability Index (PI). They posit that the PI reflects the relative profitability of any project,
or the present value of benefits per rand of cost. They conjectured that riskiness, as part of these
projects, should be evaluated directly. They note that it is not valid to assume that riskiness is

proportional to the size of the project.

Shoval and Lugasi (1988), in a literature study on computer systems selection, posit that the
decision-maker, while using a cost-benefit graph, can select among alternative computer selections.
At the same time the decision maker can consider the cost-benefit ratio (CBA) and the relative
importance of the benefit and cost factors in a given situation. They consider a selection of models
(CBA, graphical CBA, and cost transformations) but come to the conclusion that the cost
transformation method based on the utility model suits the purpose of graphical computer selection

the best.

This model allows the evaluation by the decision maker for a set of attributes. The utility model

can thus be applied to a cost transformation problem; from a given set of cost values of the utility
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function. They conjecture that the more the decision maker seeks risk, the narrower is the range
of values to prefer an alternative and the more risk averse the decision maker, the wider is the
ange for any alternative. Shoval and Lugasi prefer this method to any other method because it
is based on a normative model, including axioms that reflect behavioral rules of the decision maker
in determining preference, considering the important factors of risk and uncertainty. Graphs

enabled them to highlight what is "hidden" in the cost-benefit ratio.

A.5.2 Presentation of the formulae used to calculate the CBA

The questionnaire asked a specific question about benefits received for the year and the total
investment. Using the perceived factor, the presentation of the percentage value of the benefit(s)
(PV Benefits) for the period under investigation was completed (see Appendix K)(as supported by
Ahituv and Neumann, Keen, Remenyi (1992) and King). It should, however, be mentioned that

the percentage is subjective as it is purely the reflection of the personal view of the manager.

The Impact of IT investment on the financial performance of organizations Page 107



Appendix B:

Covering Letter:

Salutation and Address

Dear

RE: Research Data Collection - enclosed questionnaire.

With reference to our previous conversation, | have pleasure enclosing the questionnaire form my M.Comm
degree in Information Systems (through the University of Cape Town). | am conducting research on the effect
of investing resources in Information Technology (IT) on an organization’s risk and profitability. As | am

investigating Namibia as a whole your participation is greatly appreciated.

As discussed, could you please include copies of your balance sheets and/or budget working papers from 1990
to 19927 | can assure you that all the information gathered in this questionnaire will be treated in the strictest
confidence. The data will be grouped into percentiles and averaged to ensure complete confidentiality and the

questionnaires will be destroyed once they have been analyzed.

Could you please mail the questionnaire back to me at Rhodes University in the enclosed self-addressed
postage paid envelope before 25 May 1993. Alternatively | can coliect the complete information (questionnaire
and balance sheets) on this date. If this is inconvenient in any way, please could you FAX the information to

me at 0461-25049 before 25 May 1993.

This research would not be possible without your assistance, and | will send all respondents an executive

summary of the research findings.

Thanking you in anticipation.

Yours Sincerely

Sam Lubbe Prof M L Hart

Supervisor
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The University of Cape Town

Department of Accounting

INFORMATION TECHNOLOGY INVESTMENT QUESTIONNAIRE

1. This questionnaire is to help the researcher in completing his research for his M.Com

2. All data will be treated in the strictest confidence

3. Please answer all questions

4. Please indicate your answers clearly in the box(es) right next to the questions

(i) Please read the following three pages (page 2 - page 4) for a clarification of terms

used in this questionnaire.

(ii) Classify your organization according to the framework supplied (page 5).

(iv)  The completion of the data needed, starts on page 6.

(v)  If possible, include a set of financial statements.

(vi)  Please insert the completed questionnaire into the addressed envelope and mail it.

(v) IT means Information Technology

a. Breakdown of IT costs into categories:
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Hardware

Software

Communications

Miscellaneous

Personnel

Central Processing Unit

Peripherals

Other

Facilities Management and Timesharing
Application

Systems

Voice

Data

Other

Environment

Personnel

Supplies

Other

information Processing Salaries and benefits
Application Systems

Technical Support

Operations

Management and Staff

User Support Staff

b. Detailed description of terms used:

Hardware:

include all equipment used for the information technology processing operation. This includes: traditional information processing equipment and office

workstation systems, wordprocessors and micro- or personal computers, For purchased equipment, report the capitalized current year depreciation;

rental or lease charges for non-purchased equipment. Also include annual maintenance charges for all equipment in the appropriate categories.

Include gain or loss from equipment sold.

Central processing unit:

Include mainframe of large, mini- or microcomputer systems regardiess of location, Include mini- or microcomputers located in and paid for by user

departments. Report annual depreciation value and annual rental or lease charges separately on the data sheet. Inciude stand-alone processors

such as word-processors, office systems and personal computers and their peripheral devices {eg printers, etc) regardless of their location or

department with budget responsibility.

Peripherals:

Include tape and disk drives, mass storage devices, input/output devices {channels, printers, card readers/punches, etc), their associated controllers,

and cables.
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Other:

Include data collection/data entry devices, unit record equipment, OCR equipment (scanners), etc. Include computer output microfilm (COM) equipment
-- readers, fiche duplicators or hardcopy equipment regardless of their location. Include supplies necessary for the operation of the equipment above -

- continuous forms and other printer stationery, tapes, ribbons, disk packs, cards, eic.
Facilities Management and Timesharing:

Include cost of facilities management of timesharing operations.

Software:

Irclude the purchase cost or annual amortization {as well as annual rental and lease fees assoclated with acquired software), the annual cost of
maintenance agreements or vendor support (ie for installation, training, modification), contracted systems development {ie softwara designed and/or
programmed outside of the company but commissioned by the company), software for mini- or microcomputers (including those in user areas), only
software developed cutside the company. In-house development should appear under salaries.Exclude gain from software sold.
Application:

Include all software that supports the operation of the company in any line of business (ag new business, accounting, agency, valuation systems, etc).

Systems:

include all software that supports the information processing operation (eg operating systems, sorts, productivity aid, securing/auditing,

communications, data base management systems, etc).

Communications:

Include equipment, services, and support expenses related to communications.

Voice:

include personal phone system and line costs for the entire head office of the company (eg key, private branch exchange and centrox systems of

any voice and data systems used primarily for voice). Include long distance voice services and public network voice services.
Data:

Include data communication services (eg electronic funds transfer systems, message switching services, direct distance dialling services, tefex,
videotext, teletext, tete-conference lines, facsimile, dedicated data lines and sateliite usage costs, private data networks, microwave and fibre-optic
connections between buildings). Include local area networks connecting terminals in the campus environment. Include data communication network

(eg modems, controllers, concentrators, data switching equipment, multiplexors, front-end processors and network interface equipment} equipment.
Other:

include terminais both intra-company and with remote sites. Include terminals used in field offices or user areas for direct network links to the
mainframe or office systems. Include executive workstations and audio video conference rooms and equipment. Include cabling systems, wiring and

outside plant. Include communications environment support systems (eg dedicated air conditioners, battery back-up systems, satellite dish, etc).

Miscellaneous:

Environment:

Inctude all information processing department areas. Include all central automation areas (eg word processing, office systems, et¢). Include all items
relating to the office or computer room environment {rent; heat, light and water, fumniture and fixtures [all office furniture and equipment cther that

hardware, including typewriters and calculators]), general office maintenance (include maintaining computer equipment under the hardware category}.

Personnel:
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Inciude items that complement the personnel function over and above salanies and benefits regardiess of who delivers or pays for services. Include
costs for those employed by the information processing/automation function (eg data entry staff). Include costs for user related items as indicated:

recruitment and employment, training, tuition refund, travel association dues, consulting.

Supplies:

Include that portion of general office supplies used for the information processing/automation operation: stationery and supplies [paper, pencils and
other general desk equipment], printing and forms [eg training manuals], postage, books and periodicals used by information procassing/automation

department employees.
Other:

Other items to include: disaster recovery and insurance.

Personnel Expenses:

information processing personnel:

Include all full-time information processing employees, regardless of their location in the company. Exclude all data entry personnel.
Salaries:

Include direct compensation (salary, bonuses, overtime, etc).

Benefits:

Include the benefits such as (over and above direct compensation listed above) vacations, holidays, sick leave, pension, insurance, savings, cafetena,

recreation, transportation, housing, etc as part of salaries.
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Type of Data Processing Instaliation Matrix

ENVIRONMENTS TYPE 1 TYPE 2 TYPE 3 TYPE 4 TYPE S TYPE 6
Hardware environment Single location Multiple location Multiple location Multiple location Muitiple location Multiple
location
Single Single processor. Multiple processor. { Multiple Muttiple Multiple
processor. at each. Typical Typical CPU IBM processor, processor, processor.
Typical CPU; CPU iBM 4331, 4381, 3033 or Typical CPU IBM | Typical CPU Typical CPU
IBM 4331 up to up to I1BM 4361 3083 or equivalent | 4381, 3033 or 1BM 4381, 3033 | IBM 3081,
IBM 4361 or or equivalent. 3083 or or 3083 or 3084 or 3090
equivalent MIPS capability: equivalent equivalent or equivalent
MIPS capabiity: 7 to less than 15
MIPS* 2 1o less than 7 MIPS capability: MIPS capability: | MIPS
capability: less 15 to less than 40 to less than capability: 75
than 2 40 75 and over
Operational Environment | Batch As type 1. CPUs Batch processing As type 3; at Extensive use Extensive use
processing and may be and terminal on- least one CPU of of
possible limited connected via line processing. from each telecommuni- telecommuni-
terminal online teleprocessing Operaling system location may be cations con- cations
processing. MVS. connected via necting many connecting
Typical teleprocessing. CPU combina- many CPU
operating Operating system | tions. All loca- combinations.
system - MVS/XA. tions intercon- All locations
DOS/VSE. nected. interconnected.
Operating Operating Sys-
Systems tems Multiple
Multiple MVS/XA,
MVS/XA.
Systems and Less than 25 25 to less than 50 to less than 100 to less than 200 to less than 400 and over
Programming 50 100 200 400
Professional Staff
Application Software Limited number All locations run Larger more Larger more Very large Very large
Environment of applications essentially the diverse number of diverse number number of number of
supported. same application applications. On- of applications. diverse diverse
Batch programmes. line or batch em- Online or batch applications. applications.
emphasis. phasis. Possible emphasis. Use cf
use of DBMS. DBMS.
Management Single/Location Multiple Muitiple Multiple Mulliple Multiple
Environment Local Controt Locations/ Single Locations/ Local locations/ Similar Locations/ Locations/
Operations/ Local | Control or dissimilar Dissimilar Dissimilar
Controt Operations/ Local | Operations/ COperations/
Control. Remote Control Remote
Control.

* MIPS: A Million Instructions per Second

It is suggested that you analyze your own installation in terms of each of the five environments.
The five elements (far left vertical column) are defined in terms of the least complex (Type 1) and
graduate in degree of complexity or sophistication to the most complex (Type 6) - horizontal
columns. After reviewing each of the five elements, you will decide which type is the best overall
fit for your instailation. This will require some judgment on your part in weighting the individual
elements.
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